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Abstract

Background: The internet has become an increasingly popular medium for parents to obtain health information. More studies
investigating the impact of paid digital marketing campaigns for parents on promoting children’s healthy development are needed.

Objective: This study aims to explore the outcomes of a paid digital marketing campaign, which occurred from 2018 to 2020,
to promote messages about parent-engaged developmental monitoring and ultimately direct parents to the Centers for Disease
Control and Prevention’s (CDC’s) Milestone Tracker app, a mobile health (mHealth) app developed by the CDC.

Methods: The paid digital marketing campaign occurred in 3 phases from 2018 to 2020. In each phase, 24 to 36 marketing
messages, in English and Spanish, were created and disseminated using Google’s Universal App Campaigns and Facebook Ads
Manager. Outcomes were measured using impressions, clicks, and install data. Return on investment was measured using
click-through rate (CTR), cost per click, and cost per install metrics.

Results: The Google-driven marketing messages garnered a total of 4,879,722 impressions (n=1,991,250, 40.81% for English
and n=2,888,472, 59.19% for Spanish). The messages resulted in a total of 73,956 clicks (n=44,328, 59.94% for English and
n=29,628, 40.06% for Spanish), with a total average CTR of 1.52% (2.22% for English and 1.03% for Spanish). From these
clicks, there were 13,707 installs (n=9765, 71.24% for English and n=3942, 28.76% for Spanish) of the CDC’s Milestone Tracker
app on Google Play Store. The total average cost per install was US $0.93 across all phases. The phase 3 headline “Track your
child’s development” generated the highest CTR of 3.23% for both English and Spanish audiences. The Facebook-driven marketing
messages garnered 2,434,320 impressions (n=1,612,934, 66.26% for English and n=821,386, 33.74% for Spanish). The messages
resulted in 44,698 clicks (n=33,353, 74.62% for English and n=11,345, 25.38% for Spanish), with an average CTR of 1.84%
(2.07% for English and 1.38% for Spanish). In all 3 phases, animated graphics generated the greatest number of clicks among
both English and Spanish audiences on Facebook when compared with other types of images.

Conclusions: These paid digital marketing campaigns can increase targeted message exposure about parent-engaged developmental
monitoring and direct a parent audience to an mHealth app. Digital marketing platforms provide helpful metrics that can be used
to assess the reach, engagement, and cost-effectiveness of this effort. The results from this study suggest that paid digital marketing
can be an effective strategy and can inform future digital marketing activities to promote mHealth apps targeting parents of young
children.

(JMIR Pediatr Parent 2022;5(2):e34425)   doi:10.2196/34425
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Introduction

Background
An estimated 1 in 6 children in the United States has a diagnosed
developmental disability [1]. Developmental disabilities are
conditions because of impairments in physical, learning,
language, and behavioral domains. Early intervention of children
with developmental disabilities can have a positive impact on
their lives [2]. As a response, the Centers for Disease Control
and Prevention (CDC) developed the Learn the Signs. Act Early.
program, which aims to improve early identification of
developmental delays and disabilities by facilitating
parent-engaged developmental monitoring using developmental
milestone checklists from birth through the age of 5 years. For
many years, the CDC’s milestone checklists were offered as
printed handouts and booklets. A Pew Research Center study
[3] found that 85% of Americans owned a smartphone in 2021,
which has increased from just 35% in 2011. The groups most
dependent on smartphones include lower income Americans
and those with a high school education or less. In addition,
approximately half of parents with cell phones download apps
on their mobile phones compared with one-third of nonparents
[4]. Owing to the increasing smartphone use in America and
the interest in mobile apps among parents, Learn the Signs. Act
Early. developed the CDC’s Milestone Tracker mobile app, a
mobile-friendly version of the milestone checklists. The app
helps parents actively monitor their children’s developmental
progress, sends notifications to parents about their child’s
progress, and encourages parents to share any potential concerns
with their child’s physician, a critical step toward early
identification and connection with intervention services and
supports.

Although traditional promotion using brochures and flyers have
supported the promotion of the CDC’s Milestone Tracker app
for a few years, there is mounting evidence that parents of young
children learn about parenting and health information and
resources through the internet and social media [5]. In a study
conducted by Plantin and Daneback [6], first-time mothers aged
30 to 35 years were found to actively use the internet for health
and parenting information and resources as well as social
support. In addition, Facebook was reported as the most
frequently used social media platform among parents seeking
social support and health information on infant and child health
[7].

The internet offers ample opportunities for promoting public
health messages for many audiences, including parents of young
children. There are easy-to-use digital marketing platforms such
as Facebook and Google. Both platforms offer unpaid and paid
placement options. However, the paid options increase the
visibility of content, whereas the unpaid options do not, thereby
increasing the likelihood of message exposure.

In 2014, Facebook announced that the mass production of
content on their platform made it highly competitive for

marketers. In their efforts to only serve the most valuable content
to each user, most businesses and organizations saw a decline
in their organic reach [8]. Ogilvy, a public relations firm,
analyzed Facebook brand pages to assess the extent of the
decline of organic (unpaid) reach [9]. Organic reach was defined
as the number of people who saw the page’s post through their
news feed or the page’s timeline or, in other words, anyone who
saw content that was not a consequence of paid advertising.
They selected 106 brand pages representing various industries,
markets, countries, and sizes to obtain a comprehensive sample.
The total audience reach for the sample was 48 million. In
October 2013, the organic content from brand pages reached
12.05% of the total audience. By February 2014, there was a
49% drop, resulting in only 6.15% of the total audience being
reached. In 2018, Facebook also announced that an update to
their news feed algorithm would likely result in further decreases
in organic reach [10]. This demonstrates the limits of organic
reach, thus making the argument for methods such as paid digital
marketing to increase the exposure to a message.

On Google, Yang and Ghose [11] found higher click-through
rates (CTRs), which are the total clicks on a message divided
by the total impressions, when paid content was available on
Google search engines in addition to organic (unpaid) content,
instead of organic content alone. As paid digital marketing plays
an increasingly important role in reaching large audiences on
the web, the need for more studies examining the effectiveness
of such strategies in promoting health information and resources
is warranted.

Study Objective
This study assesses the outcomes of a paid digital marketing
campaign that was conducted in 3 phases using both Google’s
Universal App Campaigns (UAC) and Facebook Ads Manager
to promote the CDC’s Milestone Tracker app among parents
of young children.

Methods

Google’s UAC
Google’s UAC is a paid service to promote mobile apps. UAC
distributes marketing messages across several Google formats
and networks, such as the first page of relevant Google search
results and small banner advertisements appearing on relevant
YouTube channels. Google’s UAC also offers placement across
the Google Display Network, which includes small banners
next to videos on webpages and within apps in the Google Play
Store, Gmail, and more [12]. This platform optimizes message
performance by disseminating messages during certain times
and in placements that the desired audience engages with the
most.

Facebook Ads Manager
Facebook Ads Manager is a paid advertising management
service used to oversee paid digital marketing campaigns across
the Facebook platform. Paid content is displayed within the
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Facebook news feeds as well as in between videos and news
articles that appear when the user is scrolling [13]. The
Campaign Budget Optimization feature within this service helps
campaigns more efficiently spend the allocated budget by
finding active opportunities that can help them achieve their
desired results (eg, allocating more money toward
top-performing messages and posting messages at times when
audience engagement is high). Options to target parents who
were already consuming and engaging with content related to
young children were available and used as well.

Campaign Design
The campaign occurred in 3 phases, each lasting 6 to 8 weeks.
It began on June 6, 2018, and ended on June 14, 2020 (phase
1: June 6 to July 28, 2018; phase 2: March 27 to May 21, 2019;
and phase 3: May 4 to June 14, 2020). The total campaign
budget for the 3 phases, across both the Google and Facebook
platforms, was US $24,500. The time frame and the allocated
budget for each phase varied based on the availability of funding
for each fiscal year. The first phase targeted only
English-speaking audiences as only the English version of the
CDC’s Milestone Tracker app was available at the time. In
October 2018, the Spanish version of the app, Sigamos el
Desarrollo, became available; thus, phases 2 and 3 targeted the
promotion of the mobile health app to both English- and
Spanish-speaking audiences. The paid digital marketing
campaign on both Google and Facebook was managed by an
Atlanta-based public relations firm, Porter Novelli (PN). After
each phase, the CDC and PN reviewed the results and fielded
the top-performing marketing messages in the next phase.

The CDC Plain Language framework [14] and CDC Health
Equity Guiding Principles for Inclusive Communication
framework [15] were used to ensure that the marketing messages
were designed in a clear, accessible, and audience-specific
manner. In total, 24 to 36 marketing messages were produced
and implemented across each phase on each platform. Each

message included 1 graphic (series of 2-3 rotating images
[carousel], animated graphics interchange format [GIF], or static
image) and 1 copy (text) combination. The graphics depicted
young children from varying racial backgrounds aged <5 years,
and the text included short, parent-friendly calls to action about
tracking their children’s milestones and installing the CDC’s
Milestone Tracker app.

For Google, phase 1 included 24 English marketing messages,
including 3 sets of copies. Both phases 2 and 3 included 36
English and Spanish marketing messages each, including 5 sets
of copies. Either previews of the app or the app logo
accompanied the copy. Owing to the platforms’ automated
optimization features, only the highest performing marketing
messages were used in each phase. For Facebook, phase 1
included 25 English marketing messages, including 5 sets of
copies and 5 graphics (n=1, 20% carousel; n=1, 20% animated
GIF; and n=3, 60% static images). Phase 2 included the same
number of English marketing messages but also included 25
Spanish versions, including 5 sets of copies and 5 graphics (n=1,
20% carousel; n=2, 40% animated GIFs; and n=2, 40% static
images). Phase 3 included 30 English marketing messages,
including 5 sets of copies and 6 graphics (n=1, 17% carousel;
n=2, 33% animated GIFs; and n=3, 50% static images), as well
as 35 Spanish versions, including 5 sets of copies and 7 graphics
(n=1, 14% carousel; n=1, 14% animated GIF; and n=5, 71%
static images). All the marketing messages remained the same
throughout the phases, except for 2 English graphics and 3
Spanish graphics from phase 2 to 3 and minor text updates.
These updates were made to replace low-performing messages
in the previous phases. All content was developed and reviewed
by communications specialists at CDC and PN. Figure 1
includes just a sampling of the assets developed for this
campaign. It demonstrates the racial and age diversity of the
families and children depicted in the photos, as well as the
various graphics used for optimization purposes. Each graphic
was adapted for Spanish-speaking audiences as well.
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Figure 1. Screenshots of paid digital marketing posts on Facebook used in phases 1 to 3. GIF: graphics interchange format.

Audience Parameters
For Google-driven marketing messages, UAC uses machine
learning to target users who are likely to install and use the
CDC’s Milestone Tracker app: parents of young children.
Google’s automated targeting strategy is based on user data
collected by its platforms and properties, similar digital
marketing campaigns, and current reach and engagement trends
[10]. For instance, the marketing messages were served to users
who searched keywords on children’s development.

In addition, Google and Apple do not share data between their
respective platforms and properties; thus, Google-driven traffic
to Apple’s App Store was not collected. Google-driven
marketing messages were only served on Android devices using
English and Android devices using Spanish, which is a limitation
of the study.

On Facebook, the audience parameters for marketing messages
were set for parents in the United States aged 18 to 45 years
with young children aged <5 years. This included the following
Facebook audience categories: parents of newborn babies, new
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parents (0-12 months), parents with toddlers (1-2 years), and
parents with preschoolers (3-5 years). Separate sets were created
for English- and Spanish-speaking parents. Marketing messages
were distributed to four types of devices: Android devices using
English, Android devices using Spanish, iOS devices using
English, and iOS devices using Spanish. Therefore, when a user
clicked on a marketing message, they were directed to either

the Google Play Store or Apple’s App Store, depending on their
device type.

Data Collection
When users receive a Google- or Facebook-driven marketing
message, they may click on the message. They will be directed
to the App Store or Google Play Store, where they can install
the CDC’s Milestone Tracker app. These steps are measured
by the following metrics in Textbox 1.

Textbox 1. Definitions of digital marketing metrics.

Metric and definition

• Impressions

• Number of times a paid digital marketing message is served to a user (includes repeat exposures)

• Click

• Action taken by a user upon seeing a paid digital marketing message to visit the App Store or Google Play Store to learn more about the
Centers for Disease Control and Prevention’s (CDC’s) Milestone Tracker app

• Click-through rate

• Total number of clicks on the paid digital marketing message divided by the total number of impressions

• Cost per click

• Total cost of the paid digital marketing campaign divided by the number of clicks on a paid digital marketing message

• Install

• Downloads of the CDC’s Milestone Tracker app

• Install rate

• Total number of installations of the CDC’s Milestone Tracker app divided by the total number of clicks on the paid digital marketing message

• Cost per install

• Total cost of the paid digital marketing campaign divided by the number of installations of the CDC’s Milestone Tracker app

As Google shares information between platforms, including
Google Display Network, YouTube, and Google Play Store,
UAC could capture the number of Google-driven impressions,
clicks, and installs on Android devices.

Facebook-driven marketing messages were served on both Apple
and Android devices in both English and Spanish. However,
install data were not available. To obtain install data from
Facebook, the CDC’s Milestone Tracker app would need to be
registered with Facebook, which includes the implementation
of the Facebook Software Development Kit—a functionality
that integrates Facebook into the app. As the CDC’s Milestone
Tracker app must adhere to federal guidelines, this capability
was restricted and thus served as a limitation in terms of data
collection.

Ethical Considerations
Institutional review board approval was not required for this
project as no human participants were involved in the study,

and the analyzed data were limited to publicly available digital
metrics collected in aggregate.

Results

Impressions
Across all 3 phases, Google-driven marketing messages
generated a total of 4,879,722 impressions, and Facebook-driven
marketing messages generated 2,434,320 impressions. In phase
3, the CDC manually allocated more of the Facebook budget
toward Spanish-speaking audiences as the Campaign Budget
Optimization feature was allocating more funds toward and
generating more impressions for English-speaking audiences
in phase 2. For this reason, the number of Facebook-driven
Spanish impressions was larger than English impressions in
phase 3 (Table 1).
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Table 1. Impressions from Google- (N=4,879,722) and Facebook-driven (N=2,434,320) marketing messages.

Impressions, n (%)Campaign phases

Phase 1 (2018)

Googlea

982,568 (20.14)English

Facebook

626,382 (25.73)English

Phase 2 (2019)

Googlea

676,628 (13.87)English

1,009,547 (20.68)Spanish

1,686,175 (34.55)Total

Facebook

444,658 (18.27)English

217,465 (8.93)Spanish

662,123 (27.2)Total

Phase 3 (2020)

Googlea

332,054 (6.8)English

1,878,925 (38.5)Spanish

2,210,979 (45.31)Total

Facebook

541,894 (22.26)English

603,921 (24.81)Spanish

1,145,815 (47.07)Total

aFor Google, the messages were only served on Android devices, not Apple devices, because of a tracking pixel needed to share data between Google
and Apple.

Clicks and CTR
During the campaign, the Google-driven marketing messages
were clicked a total of 73,956 times (CTR 1.52%; Table 2).
Although they were displayed across Google Search, Google

Display Network, and YouTube properties, most of the
impressions, clicks, and installs were driven by Google Display
Network in all 3 phases (Table 3). In all 3 phases, the English
messages had a higher CTR than the Spanish messages.
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Table 2. Clicks, CTRa,b, and CPCc,d metrics from Google- (N=73,956) and Facebook-driven (N=44,698) marketing messages.

CPC (US $)CTR (%)Clicks, n (%)Campaign phases

Phase 1 (2018)

Googlee

0.202.0119,782 (26.75)English

Facebook

0.301.8911,822 (26.45)English

Phase 2 (2019)

Googlee

0.182.4116,284 (22.02)English

0.121.8018,138 (24.53)Spanish

0.152.0434,422 (46.54)Total

Facebook

0.342.189711 (21.73)English

0.341.653595 (8.04)Spanish

0.342.0113,306 (29.77)Total

Phase 3 (2020)

Googlee

0.232.498262 (11.17)English

0.160.6111,490 (15.54)Spanish

0.190.8919,752 (26.71)Total

Facebook

0.142.1811,820 (26.44)English

0.151.287750 (17.34)Spanish

0.191.7119,750 (44.19)Total

aCTR: click-through rate.
bTotal number of clicks on the paid digital marketing message divided by the total number of impressions.
cCPC: cost per click.
dTotal cost of the paid digital marketing campaign divided by the number of clicks on a marketing message.
eFor Google, the messages were only served on Android devices, not Apple devices, because of a tracking pixel needed to share data between Google
and Apple.

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e34425 | p.10https://pediatrics.jmir.org/2022/2/e34425
(page number not for citation purposes)

Arshanapally et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Metricsa for Google-driven marketing messages by Google platform placement.

Installs (N=13,707), n (%)CTRb (%)Clicks (N=73,956), n (%)Impressions (N=4,879,722), n (%)Placements

Phase 1 (2018)

671 (4.9)7.621542 (2.09)20,236 (0.41)Google Search

2669 (19.47)1.8918,226 (24.64)962,257 (19.72)Google Display Network

0 (0)18.6714 (0.01)75 (0)YouTube

3340 (24.37)2.0119,782 (26.75)982,568 (20.14)Total

Phase 2 (2019)

442 (3.22)8.211027 (1.39)12,506 (0.26)Google Search

4218 (30.77)2.0033,376 (45.13)1,672,818 (34.28)Google Display Network

2 (0.01)2.2319 (0.03)851 (0.02)YouTube

4662 (34.01)2.0434,422 (46.54)1,686,175 (34.55)Total

Phase 3 (2020)

613 (4.47)7.381389 (1.88)18,828 (0.39)Google Search

5091 (37.14)0.8418,357 (24.82)2,191,913 (44.92)Google Display Network

1 (0.01)2.526 (0.01)238 (0)YouTube

5705 (41.62)0.8919,752 (26.71)2,210,979 (45.31)Total

aCost per click and cost per install metrics were not included. Google’s optimization features allocated varying amounts of the budget to each placement.
Thus, individualized cost metrics could not be calculated.
bCTR: click-through rate.

Of the 73,956 clicks, during phase 1, the top-performing Google
copy was “Track Milestones Today,” with 9288 (12.56%) clicks
(CTR 2.97%); however, in phase 2, this headline was the
second-best, with 3458 (4.68%) clicks (CTR 2.86%), whereas
“Track Child Development” was the top-performing headline,
with 4802 (6.49%) clicks (CTR 2.78%). In phase 3, the adapted
phase 2 headline “Track your child’s development” generated
the best CTR (3.23%).

The Facebook-driven marketing messages were clicked a total
of 44,698 times (CTR 1.84%). In all 3 phases, the animated
GIFs in both English and Spanish generated the greatest number
of clicks when compared with other types of graphics,
suggesting that the marketing messages formatted as animated
GIFs may result in higher engagement than standalone static
images. Of the 44,698 clicks, an image of 2 boys aged 1 year
hugging from phase 3 received 8330 (18.64%) clicks (CTR
4.75%) singlehandedly, which made it the top-performing image

among English marketing messages; images of babies aged 9
months resonated with both English and Spanish audiences,
resulting in a total of 1797 (4.02%) clicks (CTR 0.91%) and
4175 (9.34%) clicks (CTR 1.19%) during phase 3, respectively.

Cost per Click
For all 3 phases, the Google-driven marketing messages, on
average, cost a total of US $0.17 per click (cost per click [CPC]).
Specifically, it cost US $4000 to receive 19,782 clicks (CPC
US $0.20) in phase 1, US $5000 to receive 34,422 clicks (CPC
US $0.15) in phase 2, and US $3750 to receive 19,752 clicks
(CPC US $0.19) in phase 3 (Tables 2 and 4).

Overall, the average Facebook-driven marketing messages cost
a total of US $0.26 per click (CPC). They improved in efficiency
from phase 2 to 3. In phase 2, it cost US $4500 to receive 13,306
clicks (CPC US $0.34), whereas in phase 3, it cost US $3750
to receive 19,572 clicks (CPC US $0.19). In phase 1, it cost US
$3500 to receive 11,822 clicks (CPC US $0.30).

Table 4. Campaign budget breakdown.

Facebook (US $)Google (US $)Phases

35004000Phase 1 (June 6 to July 28, 2018)

45005000Phase 2 (March 27 to May 21, 2019)

37503750Phase 3 (May 4 to June 14, 2020)

Installs and Cost per Install
During the 7-week period of phase 1, there were 34,431 app
installs, an 84% increase compared with 7 weeks before the
paid digital marketing campaign began. After 7 weeks from the
phase 1 end, there were only 19,391 app installs, a 44% decrease

compared with when the paid digital marketing messages were
running in phase 1 (Table 5). The Google-driven marketing
messages contributed to 3340 app installs at a cost per install
(CPI) of US $1.19 (Table 6). During the 8-week period of phase
2, there were 39,443 app installs, a 14% increase compared with
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8 weeks before the paid digital marketing messages ran. After
8 weeks from phase 2, there were only 23,725 app installs, a
40% decrease compared with when the paid digital marketing
messages were running in phase 2 (Table 5). The Google-driven
marketing messages contributed to 4662 app installs at a CPI
of US $1.07 (Table 6).

During the 6-week period of phase 3, there were 42,239 app
installs. No major differences in app installs were found between
phase 3 and the 6-week periods before and after the phase. The
Google-driven marketing messages contributed to 5705 app
installs at a CPI of US $0.66 (Table 6). For all 3 phases, the
average CPI for Facebook could not be calculated because of
the limitation of collecting Facebook-driven installs. The
average CPI for Google across all 3 phases was US $0.93.

Table 5. Total CDCaMilestone Tracker app install data.

Installs, nTime point and period

Before campaign

18,7557 weeks before

34,7308 weeks before

41,2556 weeks before

During campaign

34,431Phase 1b

39,443Phase 2c

42,239Phase 3d

After campaign

19,3917 weeks after

23,7258 weeks after

43,1966 weeks after

aCDC: Centers for Disease Control and Prevention.
bPhase 1 occurred from June 6 to July 28, 2018, a 7-week period.
cPhase 2 occurred from March 27 to May 21, 2019, an 8-week period.
dPhase 3 occurred from May 4 to July 14, 2020, a 6-week period.
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Table 6. Installs, install rate, and CPIa,b metrics from Google- (N=13,707) and Facebook-driven marketing messages.

CPI (US $)Install rate (%)Installsc, n (%)Campaign phases

Phase 1 (2018)

Googled

1.1916.893340 (24.37)English

Facebook

———dEnglish

Phase 2 (2019)

Googled

0.8820.313308 (24.13)English

1.627.461354 (9.88)Spanish

1.0713.544662 (34.01)Total

Facebook

———English

———Spanish

———Total

Phase 3 (2020)

Googlee

0.6037.733117 (22.74)English

0.7322.522588 (18.88)Spanish

0.6628.885705 (41.62)Total

Facebook

———English

———Spanish

———Total

aCPI: cost per install.
bTotal cost of the paid digital marketing campaign divided by the number of installs of the Centers for Disease Control and Prevention’s Milestone
Tracker app.
cFor Facebook, install data were not available because of federal guidelines against the integration of Facebook Software Development Kit into a mobile
app.
dData not available.
eFor Google, the messages were only served on Android devices, not Apple devices, because of a tracking pixel needed to share data between Google
and Apple.

Discussion

Principal Findings
This study investigated the outcomes of a paid digital marketing
campaign for promoting Google- and Facebook-driven
marketing messages about parent-engaged developmental
monitoring and direct parents with children aged <5 years to
the CDC’s Milestone Tracker app. Overall, the Google-driven
marketing messages garnered a total of 4,879,722 impressions
(n=1,991,250, 40.81% for English and n=2,888,472, 59.19%
for Spanish). The messages resulted in a total of 73,956 clicks
(n=44,328, 59.94% for English and n=29,628, 40.06% for
Spanish), with a total average CTR of 1.52% (2.22% for English
and 1.03% for Spanish). From these clicks, there were 13,707

installs (n=9765, 71.24% for English and n=3942, 28.76% for
Spanish) of the CDC’s Milestone Tracker app on Google Play
Store. The total average CPI was US $0.93 across all phases.
The phase 3 headline, “Track your child’s development,”
generated the highest CTR of 3.23% for both English and
Spanish audiences. The Facebook-driven marketing messages
garnered 2,434,320 impressions (n=1,612,934, 66.26% for
English and n=821,386, 33.74% for Spanish). The messages
resulted in 44,698 clicks (n=33,353, 74.62% for English and
n=11,345, 25.38% for Spanish), with an average CTR of 1.84%
(2.07% for English and 1.38% for Spanish). In all 3 phases,
animated graphics generated the greatest number of clicks
among both English and Spanish audiences on Facebook when
compared with other types of images.
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Marketing Messages
Among the Facebook- and Google-driven marketing messages
fielded through this campaign, the marketing messages with
animated GIFs and images with younger children (eg, 2 boys
aged 1 year hugging and a baby aged 9 months) performed
higher than messages without GIFs and images of older children.
The marketing messages with simple and direct calls to action,
such as the “Track your child’s development” copy, generated
high CTRs. Future public health campaigns targeting parents
of young children can consider these findings when designing
marketing messages for Facebook and Google.

Return on Investment
The return on investment was measured by the increase in app
installs during the paid digital marketing campaign compared
with the periods before and after the campaign, when no paid
digital marketing efforts were active. As no benchmarks for
CPI for similar populations or studies were found for
comparison, CTR and CPC were also analyzed. CTR provides
additional information on the returns of the study, whereas CPC
provides additional information on the cost-effectiveness of the
investment. According to Table 5, the app installs during phases
1 and 2 were higher than the periods both before (84% and 14%
higher, respectively) and after the campaign (44% and 40%
higher, respectively). This demonstrates the effectiveness that
the paid digital marketing campaign had on increasing app
installs. The app installs during phase 3 remained consistent
with the periods before and after the campaign, likely because
of the competing health information on the web during the
COVID-19 pandemic.

In total, the campaign generated 13,707 Google-driven installs,
which excludes the app installs from Facebook. With a US
$12,750 Google budget, the Google-driven marketing messages
resulted in 13,707 users installing the CDC’s Milestone Tracker
app.

The CTR depicted the effectiveness of a marketing message,
particularly whether it could persuade the parents to click on
the impression to learn more. The CPC depicted how
cost-effective the campaign was in terms of clicks, particularly
whether the campaign could receive a high number of clicks
for a low cost. According to a study on industry-specific Google
benchmarks, the benchmarks for the health and medical field
were a CTR of 3.27% and CPC of US $2.62 for Google Search,
as well as a CTR of 0.59% and a CPC of US $0.63 for the
Google Display Network [16]. In a similar study on
industry-specific Facebook benchmarks, the health care field
showed a CTR of 0.83% and a CPC of US $1.32 [17]. For CTR,
all Google-driven marketing messages, including Google Search
and Google Display, outperformed industry standards (Table
3). Although CPC could not be calculated for Google Search
and Google Display Network individually, the Google- and
Facebook-driven marketing messages, in total, had significantly
lower CPCs than those of industry standards (Table 2).

However, it is important to note that comparing CTR and CPC
with industry-specific benchmarks for the whole health and
medical field should not be the only method of evaluating
effectiveness, as those benchmarks may be too broad. In

addition, the focus of our campaign was not to sell a medical
product but rather to promote public health messages to parents
with young children. The Campaign Budget Optimization
feature’s tendency to increase the efficiency of budget spending
by disregarding lower performing devices and increasing
delivery of impressions to higher performing devices is not ideal
for public health purposes. It is crucial that messages about the
CDC’s Milestone Tracker app are equitably promoted to all
populations, which includes all device types regardless of
performance. Thus, comparing CTR and CPC with marketing
campaigns with similar populations, public health topics, and
campaign goals may provide a more useful reference point than
solely industry benchmarks.

For instance, Graham et al [18] conducted a similarly structured
3-phased paid digital marketing campaign using both Google-
and Facebook-driven messages on healthy weight gain with
expecting parents and parents of young children up to the age
of 6 years in Alberta, Canada. Although their study differed in
audience size, public health topic, and budget spending, their
CTR and CPC could be used as reference points for evaluating
the effectiveness of our campaign in terms of reaching similar
audience demographics. On average, their Facebook-driven
messages resulted in a CTR of 1.88% and a CPC of CAD $0.35
(US $0.26). Their Google-driven messages resulted in a CTR
of 5.8% and CPC of CAD $0.76 (US $0.56). In comparison,
our total average CTR for Facebook was 1.84%, and CPC was
US $0.26, whereas for Google, the CTR was 1.52%, and CPC
was US $0.17. A contributing reason for our Google CTR
(1.52%) being much lower than their Google CTR (5.8%) was
our study’s efforts to message Spanish-speaking audiences, a
group that had lower Google CTRs (phase 2: 1.80%; phase 3:
1.65%) than the Google CTRs for English-speaking audiences
(phase 2: 2.41%; phase 3: 2.49%; Table 2). Nevertheless, this
paid digital marketing campaign was shown to be on par with
industry benchmarks as well as a campaign with a similar public
health approach. In addition, the metrics from this study can
serve as a reference point for future digital marketing campaigns
that target parents with children aged <5 years around topics
related to parent-engaged developmental monitoring.

Other Influences
In addition, it is important to note that the time frame for phase
3 overlapped with the beginning of the COVID-19 pandemic
during a time when many consumers were searching for
health-related apps but were also inundated with competing
health information on the web.

Limitations
There were multiple limitations to this study. First, only
aggregate data were collected for this study. Therefore, it is not
possible to know information about the users who installed the
app. It cannot be confirmed that the app installs came from
parents of young children. However, as Facebook- and
Google-driven marketing messages only targeted parents of
young children, they are the most likely audience to have
installed the app because of the campaign. Second, the number
of installs because of the Facebook-driven marketing messages
could not be tracked. Thus, alternative measures, including CTR

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e34425 | p.14https://pediatrics.jmir.org/2022/2/e34425
(page number not for citation purposes)

Arshanapally et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and CPC, were used as proxies. Third, mobile app use could
not be tracked through this study.

Conclusions
This study contributes to the literature by reporting on the
outcomes and providing a cost analysis of using paid digital

marketing campaigns on Google and Facebook to promote
public health messages to parents of young children. As the
internet and social media have become an increasingly popular
medium of accessing health information, public health
organizations should consider paid digital marketing as a tactic
for reaching target audiences on the web.
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Abstract

Background: Parents often search the web for health-related information for themselves or on behalf of their children, which
may impact their health-related decision-making and behaviors. In particular, searching for somatic symptoms such as headaches,
fever, or fatigue is common. However, little is known about how psychological and relational factors relate to the characteristics
of successful symptom-related internet searches. To date, few studies have used experimental designs that connect participant
subjective search evaluation with objective search behavior metrics.

Objective: This study aimed to examine the features of web-based health-related search behaviors based on video-coded
observational data, to investigate which psychological and relational factors are related to successful symptom search appraisal,
and to examine the differences in search-related outcomes among self-seekers and by-proxy seekers.

Methods: In a laboratory setting, parents living in Austria (N=46) with a child aged between 0 and 6 years were randomized
to search their own (n=23, 50%) or their child’s (n=23, 50%) most recent somatic symptom on the web. Web-based activity was
recorded and transcribed. Health anxiety, eHealth literacy, attitude toward web-based health information, relational variables,
state of stress, participants’ search appraisals, and quantitative properties of the search session were assessed. Differences in
search appraisals and search characteristics among parents who searched for themselves or their children were examined.

Results: Across both groups, searches were carried out for 17 different symptom clusters. Almost all parents started with Google
(44/46, 96%), and a majority used initial elaborated key phrases with >1 search keyword (38/45, 84%) and performed on average
2.95 (SD 1.83) search queries per session. Search success was negatively associated with health anxiety (rs=−0.39, P=.01), stress
after the search (rs=−0.33, P=.02), and the number of search queries (rs=−0.29, P=.04) but was not significantly associated with
eHealth literacy (rs=0.22, P=.13). Of note, eHealth literacy was strongly and positively correlated with satisfaction during the
search (rs=0.50, P<.001) but did not significantly correlate with search characteristics as measured by search duration (rs=0.08,
P=.56), number of performed search queries (rs=0.20, P=.17), or total clicks (rs=0.14, P=.32). No differences were found between
parents searching for their own symptoms and parents searching for their child’s symptoms.

Conclusions: This study provides exploratory findings regarding relevant dimensions of appraisals for symptom-based information
seeking on the web. Consistent with previous literature, health anxiety was found to be associated with poorer search evaluation.
Contrary to expectations, eHealth literacy was related neither to search success nor to search characteristics. Interestingly, we
did not find significant differences between self-seekers and by-proxy seekers, suggesting similar search and evaluation patterns
in our sample. Further research with larger samples is needed to identify and evaluate guidelines for enhanced web-based health
information seeking among parents and the general public.

(JMIR Pediatr Parent 2022;5(2):e29618)   doi:10.2196/29618
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Introduction

Background
The entry into the digital age has fundamentally altered
information behavior, particularly information retrieval and
information seeking [1,2]. Internet users commonly use search
engines to obtain references related to all facets of everyday
life [3,4]. More than 5 billion search queries are performed daily
via Google [5], indicating enormous informational needs on a
global level. Information retrieved from the web influences
consumer behavior and decision-making in various contexts,
both on the web and offline [1,6,7]. Understanding how
information is sought and used has important implications for
decision-making processes across a wide array of research fields
in business, education, medicine, or public health [1,6,8,9].

Most notably, online health information seeking (OHIS) is a
very common information behavior among all age groups and
countries. In 2020, a total of 55% of European citizens aged
between 16 and 74 years searched on the web about
health-related topics such as disease, injury, or nutrition at least
once in the past 3 months [10]. Emerging trends of individuals
looking for information on health and illness can be observed
around the globe [10-12]. OHIS has a crucial impact on health
decision-making [13-15] and the nature of the physician-patient
relationship [16]. It also provides significant opportunities for
receiving social and emotional support in health affairs [17].

Large-scale studies from Europe [18] and the United States [19]
imply that between 35% and 61% of web-based information
seekers conducted health-related searches not only for
themselves but also on behalf of others, such as for their
children, friends, or relatives. In particular, parents of young
children play a special mediating role, as they decide on the
extent and timing of health measures for their offspring. In a
recent review by Kubb and Foran [20], the prevalence rates for
parental OHIS were considerably higher than those in the
general population, suggesting that parents are heavy users of
web-based health information. However, seeking by proxy can
threaten children’s health status if the search leads to detrimental
self-treatments or a delay in seeking professional health services.
In particular, misleading information and medical fake news
on the internet can impede decision-making and thus are a
potential threat for self-health, children’s health, and public
health [21-24].

Searching for somatic symptoms is common among internet
users. Approximately 1% of all Google searches are
symptom-related [25], with search queries on persistent or acute
symptoms, such as chest pain, headache, fever, or diarrhea [26].
According to Cartright et al [27], two phases of exploratory
diagnostic search are supposed: either to investigate the
relevance of symptoms (evidence-directed) or to inform about
certain diseases (hypothesis-directed). In this context, parents
use the web to determine whether their child needs medical
consultation [28-30]. However, the quality of health websites

varies greatly [31,32] and is often lacking in terms of relevant
information whether a symptom requires treatment [26]. More
dedicated research on parental symptom search and the
underlying factors for a successful search could therefore
contribute significantly to better health-related decision-making
by parents.

In the past, various traits and concepts were introduced for being
pivotal in the context of health-related web-based searches. A
growing body of literature has examined the relation between
health anxiety and OHIS [33]. Broadly defined, health anxiety
encompasses illness worries and excessive fears about
developing or having a serious disease [34]. A meta-analysis
by McMullan et al [35] found health anxiety being moderately
positively correlated with OHIS across 10 studies. Further
studies examined the reciprocal relationship between health
anxiety and OHIS [36] or the effect on health care use [37].
Trait health anxiety is associated with poorer outcomes during
as well as after a health-related web-based search, including
negative emotions [38], worsening anxiety [39], and an
increased number of physician visits [33,37]. A promising
construct for diminishing adverse outcomes of OHIS is eHealth
literacy, introduced by Norman and Skinner [40]. The term
describes the ability to search, find, understand, evaluate, and
ultimately use health-relevant information on the web. Previous
studies suggested that higher eHealth literacy is associated with
less frustration during the information search [41], gain in
empowerment [42], and better evaluating skills of web-based
health information [43]. In the future, targeting eHealth literacy
could become a key element for enhancing OHIS skills and
related outcomes [44,45].

The assessment of appraisals during or after information-seeking
behavior offers opportunities for identifying the kind of
information that users find helpful. In this context, search
success and search satisfaction are two central concepts within
users’ information evaluation processes [46-48]. Search success
refers to finding an answer to a predefined question or
information regarding the search topic [49,50]. In comparison,
search satisfaction relates to the emotional fulfillment during
the search [48,51]. Although both concepts are strongly
connected, satisfaction during the search does not guarantee a
successful search or vice versa [46]. To date, neither the
prerequisites nor the properties of a successful and satisfactory
web-based health search have been well understood.
Consequently, evidence-based recommendations for parental
OHIS on effective and successful OHIS are yet missing [20].

Some methodological approaches have been applied to
investigate the process of OHIS sessions in depth, including
video recording, think-aloud protocols, or interviews [52-58].
Unfortunately, solely the study by Benedicta et al [56] was
conducted in a sample of parents, and only two studies [55,57]
focused on symptom-driven queries. In addition, previous
studies may no longer reflect current search behavior, as the
nature of information seeking has changed significantly in recent
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years. New opportunities, among others, were given with
web-based symptom checkers [59], highly specialized
communities on specific rare diseases [60], YouTube videos
[61], or smartphone health apps [62]. Therefore, there is an
urgent need for more experimental research on the health-related
search process on the web itself, including the assessment of
long-term traits, short-term emotional states, appraisals during
and after the search, and their impact on health behavior in real
life.

Objective
The aims of this study are 3-fold: (1) to categorize and analyze
the performed search queries; (2) to investigate the associations
of health anxiety, eHealth literacy, and eHealth attitudes with
log file data and self-reported appraisals of recorded
symptom-driven search sessions; and (3) to examine differences
between self-seekers and by-proxy seekers in terms of log file
data and self-reported appraisals. We hypothesize that health
anxiety is positively correlated with poorer outcomes (ie, unmet
information needs, information overload, and need to talk to a
physician), whereas eHealth literacy and favorable attitudes
toward web-based health information will be positively
associated with beneficial search appraisals (ie, success,
satisfaction, and empowerment). In addition, we presume that
OHIS by proxy is accompanied with poorer search outcomes
than seeking for one’s own health (eg, higher unmet information
needs, more information overload, higher need to talk to a
physician, lower search appraisal, more dissatisfaction, and
lower levels of empowerment).

Methods

Inclusion and Exclusion Criteria
Participants were required to be aged ≥18 years, be a parent of
a child aged between 0 and 6 years, and have used the internet
at least sometimes for health-related information seeking. We
began recruitment with child age range between 0 and 3 years
and extended the recruitment to kindergartens, which included
children aged ≤6 years. Parents or children with chronic illnesses
were excluded from participation. A maximum of 1 parent per
household could participate. In cases where both parents
participated, one was chosen at random to maintain a sample
without dependent data at the couple level.

To measure ecological validity, participants were asked at the
end of the experiment how similar the expressed search behavior
was to the normal at home on a 6-point Likert scale (0 not
similar at all; 5 exactly what I would do at home). Participants
with a score of ≤3 were excluded from the analysis (n=6).

Recruitment
Participants were recruited predominantly with leaflets in
kindergartens, pediatrician waiting rooms, playgroups, and
parent-child facilities. The local media also published our call
for participation. In addition, we ran local advertising on
Instagram and Facebook. Participants contacted us by phone
or email to set up an appointment at the university laboratory.
The experiment was advertised with an estimated duration of
1 hour. As an incentive, each participant received an expense
allowance of €10 (US $11) for completing the study. The chance
to win a €100 voucher was raffled among all participants.
Recruitment lasted from November 2019 to March 2020 and
was stopped prematurely by governmental measures to contain
the spreading of SARS-CoV-2 that began in March in Austria.
At the point in which recruitment stopped, there were almost
no cases of SARS-CoV-2 in Carinthia.

Participants
A total of 59 individuals participated in the experiment. Of these
59 participants, 6 (10%) were excluded because they stated that
their health-related web-based search was not similar to that at
home. Furthermore, 12 other participants were members of a
couple, and one member of each dyad was excluded at random.
Unfortunately, of the 59 participants, 1 (2%) was affected by
technical issues with the recording program. This resulted in a
final sample of N=46, equally balanced for both experimental
groups.

Participants were mainly mothers (40/46, 87%) and had Austrian
citizenship (40/46, 87%). Parents were aged between 25 and 46
years (mean 33.72, SD 4.11 years). The youngest child was on
average aged 28.93 (SD 17.73) months, with the youngest being
aged 2 months and the oldest being aged 6 years. Of the 46
parents, 9 (20%) had a small child with them during the
experiment. In addition, of the 46 parents, 44 (96%) reported
being in a relationship, ranging from 1 to 20 years (mean 9.86,
SD 4.5 years). The demographic characteristics of participants
are reported in Table 1.
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Table 1. Sociodemographic characteristics of participants (N=46)a.

Full sample, n (%)

Sex

40 (87)Female

6 (13)Male

Nationality

40 (87)Austria

3 (7)Germany

3 (7)Other

Marital status

15 (33)Unmarried

30 (65)Married

1 (2)Divorced

Relationship status

2 (4)Single

44 (96)In a relationship

Number of children

17 (37)1

25 (54)2

4 (9)3

Educational level

2 (4)Prefer not to say

1 (2)Lower secondary

8 (17)Apprenticeship

5 (11)High school

30 (65)Tertiary education

aParticipants were on average aged 33.72 (SD 4.11) years.

Experimental Procedure
Our experimental setup was developed based on the approach
of Singh and Brown [55]. Written informed consent was
obtained from all participants before the study. Subsequently,
participants were asked to fill out the initial test inventory on
paper. A smartwatch was worn during the experiment to measure
physiological responses; however, these data are not included
in this study. Participants were asked to search the web for
current or recent somatic health issues related to self-symptoms
or child symptoms. A between-subject design with block
randomization was applied to assign parents to either the
self-seeking or by-proxy seeking group. The Patient Health
Questionnaire-15 (PHQ-15) was used to identify recent
symptoms for the participants’ search task. An adapted version

to appropriate symptoms in children was presented to parents
in the respective group. Participants rated on a 6-point Likert
scale the likelihood that each experienced symptom will recur
(0 not likely at all to 5 extremely likely) and the fear that it will
recur (0 not worried at all to 5 extremely worried). The symptom
with the highest sum score was selected as the topic for the task.
We framed the participants with an approximate maximum
search time of 15 minutes. No further guidance or instructions
on what or how to search were provided. The exact task text
can be found in Textbox 1. Desktop activity was recorded using
Open Broadcaster Software [63]. After the task, the participants
received another questionnaire regarding their search, including
items on ecological validity, search appraisal, and their stress
level.

Textbox 1. Task description.

Imagine that the symptom ______ is acute or recently in the past. You now have a maximum of 15 minutes to search for information on the internet.
Search like you would at home. There is no right or wrong approach in doing this. When you think you are done, report to the experimenter.
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Ethics Approval
Ethical approval for this study was obtained from the
institutional review board of the University of Klagenfurt on
April 2, 2019 (2018-116).

Transcribing of Video Data
The software application ELAN [64] was used to determine the
time spans and number of clicks for each recorded search session
(ie, search duration, total clicks, unique resources, search
queries, and page views). In addition, 3 undergraduate
psychology students independently transcribed the videos.
Intraclass correlation coefficients (ICCs; k=3,
absolute-agreement, 2-way mixed-effects model) were excellent
for total clicks (ICC=0.99), unique resources (ICC=0.99), search
queries (ICC=0.99), page views (ICC=0.99) and search duration
(ICC=1.00). If there was complete agreement among all 3 raters,
the respective value was used. In case of agreement between at
least two raters, this value was used. For discordance in all 3
raters, the median was used.

Measures

Demographics and General Questions on OHIS
Data on age, gender, citizenship, occupation, education, and
civil status were collected as part of the sociodemographic
characteristics. Moreover, we assessed relationship status, the
length of the relationship in years, the age of the youngest child
in months, and the total number of children in the household.
Items on OHIS behavior, in particular, included the weekly time
spent, the number of days during the week, the average time
spent for an individual search session, the used device, and for
whom the searches are (ie, self, child, partner, relative, friends,
and others).

eHealth Impact Questionnaire
The eHealth Impact Questionnaire (Part 1) by Kelly et al [65]
is an 11-item scale for measuring the attitude to use the web for
health-related purposes. The scale is divided into two subscales
with 5 items on attitudes toward web-based health information
and 6 items regarding attitudes toward sharing health
experiences on the web. Part 2 of this scale was not included
because that measure is for the evaluation of single websites
that do not match with this study design. Each item is scored
on a 5-point Likert scale ranging from 1 (strongly disagree) to
5 (strongly agree). Scores were calculated by transforming the
raw scores into a metric ranging from 0 to 100. The internal
consistency in this sample was Cronbach α=.67 for the first
subscale and Cronbach α=.71 for the second subscale.

German eHealth Literacy Scale
The German eHealth Literacy Scale by Soellner et al [66] is the
translated version of the eHealth Literacy Scale by Norman and
Skinner [67] for assessing self-perceived health problem-solving
skills in electronic environments. The scale consists of 8 items
rated on a 5-point Likert scale. In our sample, the German
eHealth Literacy Scale demonstrated acceptable internal
consistency, with Cronbach α=.78.

PHQ-15 Measures
The PHQ-15 by Kroenke et al [68] is an instrument for the
screening of somatic symptoms and the severity of somatization.
The inventory contains 15 items on different somatic symptom
groups, which cover more than 90% of the presented symptoms
in primary care. In contrast to the original version, we asked
only in a binary response format (yes or no) about the occurrence
within the last 2 weeks to keep the scenario topic as current as
possible. The following symptoms were removed for the
by-proxy group because they were not appropriate for young
children or commonly reported health symptoms: menstrual
cramps, pain or problem during sexual intercourse, chest pain,
dizziness, and having low energy. We replaced them with skin
rash, fever, earache, vomiting, cough, sore throat, and
uncontrollable crying. For both groups, an option was provided
to write in symptoms not listed.

Modified Short Health Anxiety Inventory
The Modified Short Health Anxiety Inventory (mSHAI) by
Bailer et al [69] is a 14-item scale for assessing health anxiety.
Initially published by Salkovskis et al [70] as the Short Health
Anxiety Inventory, the mSHAI has, in contrast, an abridged
response format and is proposed as unidimensional. On the basis
of the previous 6 months, participants rate their fear of illness
on a 5-point Likert scale, with higher values indicating greater
fear of illness. Total scores range between 0 and 56. The health
anxiety inventory was highly reliable in this sample, with a
Cronbach α of .91.

mSHAI-Child
The mSHAI-Child is an adaption of the mSHAI by Bailer et al
[69] for the self-report measurement of health anxiety by proxy
toward the child. A similar approach was conducted with health
anxiety by proxy in pregnant mothers [71]. Parents rate their
health-related anxiety regarding their youngest child on a scale
of 0 (strong disagreement) to 4 (strong agreement) on each of
the 14 items, with a total score range of 0 to 56. In this study,
the Cronbach α was good (α=.89).

State Anxiety
The Short State Anxiety Inventory by Grimm [72] is a 10-item
scale to measure current emotional stress and anxiety. The
German translation was published by Laux et al [73] and is
originally based on the State-Trait Anxiety Inventory [74].
Participants rate on an 8-point Likert scale their tension,
nervousness, and apprehension. The higher the total score, the
higher the level of state anxiety and stress. Participants
completed the questionnaire twice, immediately before and after
the search task. In this study, the internal consistencies were
Cronbach α=.66 at the preassessment stage and Cronbach α=.74
at the postassessment stage.

Couple Satisfaction Index
The Couple Satisfaction Inventory–32 by Funk and Rogge [75]
is a global self-report measurement of satisfaction in a
relationship. The 32-item version of the Couple Satisfaction
Inventory is psychometrically sound and precise for detecting
differences in the level of relationship satisfaction. Total scores
can range between 0 and 161, with higher scores indicating
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better couple satisfaction. Funk and Rogge [75] recommended
a distress cut-off of 104.5 to identify distressed relationships.
In this study, the Cronbach α was excellent (α=.96).

Parenting Stress Scale
The Parental Stress Scale by Berry and Jones [76] is an 18-item
measure for quantifying stress that results from the parent-child
relationship. The scale covers different components of stress
during parenthood, including parental rewards, parental
stressors, parental satisfaction, and lack of control. Total scores
range from 18 to 90, with higher scores indicating greater
parental stress. The Parental Stress Scale showed acceptable
internal consistency in our sample (Cronbach α=.73).

Subjective Search Evaluation
We developed 6 items for the evaluation of search appraisal
and the impact of participants’ web-based search on their
behavior based on a review of previous literature and pilot
testing [20]. Scoring ranged from 0 (strong disagreement) to 4
(strong agreement) for each item. This included (1) search
satisfaction with the progress of the search (“I am satisfied with
the way my search has gone”), (2) search success of the final
result of the search (“I am satisfied with the result of my
search”), (3) self-empowerment that originates from the search
(“The search makes me feel more self-empowered than before”),
(4) the presence of an information overload during the task
(“There was a point during the search when I felt overwhelmed
by the amount of information”), (5) the need to contact a
physician and discuss the information with him or her (“I will
discuss the information found with my doctor”), and (6) the
presence of unmet information needs (“I now have more open
questions than before”).

Objective Search Characteristics
Quantitative search characteristics were extracted from the
recorded desktop activity. These included the duration of the
search, from the start of the first keystroke to the last significant
mouse movement (search duration); the sum of all clicks that
lead to visible actions (total clicks); the number of performed
search queries (search queries); the number of unique accessed
webpages, including search engine result pages, websites, and
their subpages (page impressions); and the number of resources
used during the search (unique resources).

Results

General OHIS Behavior
Parents report seeking on the web for health information for
their child (44/46, 96%) rather than for themselves (37/46, 80%),

followed by searching for their intimate partner (19/46, 41%),
relatives (10/46, 22%), and friends (7/46, 15%). Most parents
spend up to 1 hour weekly on OHIS (32/46, 70%). The average
time for search session at home varied greatly in the sample: 1
to 5 minutes (11/46, 24%), 5 to 10 minutes (13/46, 28%), 10 to
20 minutes (12/46, 26%), 20 to 40 minutes (5/46, 11%), 40 to
60 minutes (4/46, 9%), and no answer (1/46, 2%).

Topic of the Search Task
Across groups, searches were carried out for 17 different
symptoms. The most common scenario in the self-seeker group
was back pain (5/23, 22%), whereas the most common topic in
the by-proxy group was cough (8/23, 35%). A total of 2
participants searched for own suggested topic (ie, eye
inflammation and common cold). A minority had already
searched the internet for the respective symptom in the past 4
weeks (10/46, 22%). Less than half of the sample (20/46, 43%)
had already seen their physician about the symptom. All topics
of the search task are listed in Table 2.

Analysis of Search Queries
Parents performed on average 2.95 search queries (SD 1.83)
during their search. On the basis of the first search query, most
parents started the search on symptoms (40/46, 87%); however,
a small number of participants initially looked for treatments
(4/46, 9%) or specific diseases (2/46, 4%). Of the 46 parents,
44 (96%) used Google as the search engine. In addition, of the
46 parents, only 1 (2%) started with an alternate search engine,
whereas 1 (2%) began to seek in Facebook groups. A minority
began with a single keyword search (7/45, 16%), whereas most
participants used key phrases of >1 keyword (38/45, 84%). The
22 parents who searched for their child (mean 3.77, SD 1.75)
compared with the 23 participants who searched for themselves
(mean 2.43, SD 1.27) used significantly more words in their
initial search term (t43=−2.86, P=.01). Many parents in the
by-proxy group specified their search terms with the child’s age
to find more suitable results. In the overall sample, the average
position of the organic search result clicked first was 2.40 (SD
3.19), suggesting high attention on the top search results. Nearly
all parents (40/46, 87%) stayed on the first page of the search
engine results and never clicked on page 2 or further. During
the search sessions, only 4% (2/46) of the parents clicked on
an advertisement within the Google search results.
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Table 2. Scenario topic.

Times searched, nGroup and scenario

Self-seeker group (n=23)

5Back pain

4Headaches

3Feeling tired or lack of energy

3Vertigo

2Diarrhea

1Elbow pain

1Stomachache

1Trouble sleeping

1Menstrual pain

1Tachycardia

1Eye inflammation

By-proxy-seeker group (n=23)

8Cough

3Stomachache

3Diarrhea

2Headaches

2Fever

2Skin rash

1Sore throat

1Nausea

1Common cold

Correlations Among Study Variables
Multimedia Appendix 1 shows the correlations among all study
variables. Health anxiety was moderately negatively associated
with search satisfaction (rs=−0.34, P=.02) and search success
(rs=−0.39, P=.01) and moderately positively associated with
the need to talk to a physician after the search (rs=0.31, P=.03)
and unmet information needs (rs=0.30, P=.04). eHealth literacy
was positively correlated with the attitude toward web-based
health information (rs=0.35, P=.01) and search satisfaction
(rs=0.50, P<.001), whereas a moderate negative correlation was
observed with unmet information needs (rs=−0.32, P=.02) and
information overload (rs=−0.30, P=.04). No associations were
found between relational variables (ie, couple satisfaction and
parental stress) and any search-related variables. Perceived
stress after the search was negatively correlated with search
success (rs=−0.33, P=.02) and positively correlated with the
need to talk to a physician (rs=0.31, P=.03); however, this was
not the case for other evaluation items or characteristics of the

search. In general, our analysis showed few associations between
the chosen inventories (ie, health anxiety, eHealth literacy,
attitudes toward web-based information, and stress) and
objective search characteristics. Similarly, there was only 1
significant association between the items on search evaluation
and objective search characteristics, suggesting the absence of
a clear relationship between appraisals and the manner of
searching the web for symptoms.

Comparison of Self-seeker and By-proxy Seeker
A series of independent sample 2-tailed t tests were conducted
between both experimental conditions (Table 3). As expected,
due to the randomization, no significant differences were found
for in baseline variables. There were also no significant
differences in any of the 6 items on the evaluation of the
health-related search. Parents who searched for their child
reported a greater need to communicate with a physician than
those who searched for themselves, but this difference was not
statistically significant with the current sample (U=187.5,
z=−1.78, P=.07), although the effect size was moderate (Cohen
d=.58).
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Table 3. Descriptive statistics and 2-tailed t tests or Mann-Whitney U tests for the comparison of self-seeker and by-proxy seekera.

P valueZ2-tailed t test (df)By-proxy seeker, mean (SD)Self-seeker, mean (SD)Measure

.71N/Ac−0.37 (44)12.65 (10.25)11.60 (8.70)mSHAIb

.66N/A−0.43 (44)16.04 (9.37)14.82 (9.48)mSHAI-Childd

.56N/A−0.58 (44)30.86 (3.74)30.21 (3.84)G-eHEALSe

.23N/A−1.20 (44)62.39 (17.76)55.86 (18.80)eHIQ-Ohisf

.80N/A0.24 (44)69.56 (13.90)70.65 (16.20)eHIQ-Shareg

.54N/A0.61 (37)130.68 (24.19)134.70 (15.84)CSI-32h

.61N/A−0.50 (43)35.69 (6.10)34.68 (7.27)PSSi

.28N/A−1.07 (44)27.30 (10.26)24.43 (7.56)Stress before the taskj

.14N/A−1.50 (44)28.00 (9.56)23.60 (10.27)Stress after the taskk

Objective search characteristics

.69N/A0.40 (44)525.08 (302.90)562.95 (338.22)Search durationl

.31N/A1.02 (44)21.26 (14.60)27.56 (25.61)Total clicksm

.87N/A−0.15 (44)9.82 (5.79)9.56 (5.46)Page impressionsn

.65N/A0.45 (44)4.69 (2.77)5.17 (4.27)Unique resourceso

.20N/A−1.29 (44)3.30 (2.05)2.60 (1.55)Search queriesp

Subjective search evaluation

.14−1.45N/A3.30 (0.63)2.96 (0.82)Search satisfactionq

.54−0.60N/A3.48 (0.73)3.30 (0.87)Search successr

.23−1.17N/A2.22 (1.08)1.83 (1.11)Self-empowerments

.59−0.53N/A0.91 (0.99)1.22 (1.31)Information overloadt

.07−1.78N/A1.52 (1.31)0.83 (1.02)Need to talk to a physi-

cianu

.62−0.49N/A0.83 (0.83)0.74 (0.86)Unmet seeking needsv

aIndependent sample 2-tailed t tests for inventories and objective search characteristics. Mann-Whitney U-test for subjective search evaluation.
bmSHAI: Modified Short Health Anxiety Inventory.
cN/A: not applicable.
dmSHAI-Child: Modified Short Health Anxiety Inventory (by proxy related to own child).
eG-eHEALS: German eHealth Literacy Scale.
feHIQ-Ohis: eHealth Impact Questionnaire, attitudes toward web-based health information.
geHIQ-Share: eHealth Impact Questionnaire, attitudes toward sharing health experiences.
hCSI-32: Couple Satisfaction Index-32.
iPSS: Parental Stress Scale.
jStress before the task: measured with the Short State Anxiety Inventory.
kStress after the task: measured with the Short State Anxiety Inventory.
lSearch duration: length of the search session (in seconds).
mTotal clicks: the sum of all clicks during the search session that lead to visible actions.
nPage impressions: number of unique accessed webpages during the search session.
oUnique resources: number of resources used during the search session.
pSearch queries: number of performed search queries.
qSearch satisfaction: “I am satisfied with the way my search has gone.”
rSearch success: “I am satisfied with the result of my search.”
sSelf-empowerment: “The search makes me feel more self-empowered than before.”
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tInformation overload: “There was a point during the search when I felt overwhelmed by the amount of information.”
uNeed to talk to a physician: “I will discuss the information found with my doctor.”
vUnmet seeking needs: “I now have more open questions than before.”

For self-seekers, the results from the pretest (mean 24.43, SD
7.56) and posttest (mean 23.60, SD 10.27) stress indicate that
the search task did not result in an increase of stress (paired
t44=0.43, P=.66). There was also no significant increase for the
by-proxy seeker group in stress before the search task (mean
27.30, SD 10.26) compared with that after the search task (mean
28.00, SD 9.56; paired t44=−0.34, P=.73). Moreover, no
differences were found for total clicks, page impressions,
number of unique resources, and search queries (P>.05).

Discussion

Principal Findings
This study investigated the relationship between health anxiety,
eHealth literacy, search appraisals, and quantitative search
characteristics in the context of a symptom-driven web search.
Few differences between self-seekers and proxy-seekers were
found, but there was trend for parents searching for their young
child to report a higher need to communicate with a physician
than those searching for themselves. Consistent with previous
experimental studies, this study contributes further evidence to
the importance of trait health anxiety. In contrast to Singh and
Brown [55] or Jungmann et al [57], we focused on the
comparison of self-seekers and proxy seekers as well as the
connection with search appraisals, thus expanding the
contemporary understanding of OHIS processes and their
evaluation by consumers. Contrary to expectations based on
the literature, eHealth literacy was related neither to search
success nor to a more efficient search.

Comparison With Previous Work
Not surprisingly, almost all parents used the Google search
engine as the first entry point, which is in full agreement with
other studies [20,56]. We observed that the entire symptom
search experience primarily occurred on the first search result
page within the top rankings. Similarly, Beus [77] has also found
a click rate of more than 50% for the first 3 organic search
results in mobile searches. Google’s ranking algorithm is
important in influencing how fast consumers find health
information. In our experiment, parents specified their search
query term rather than searching more in depth when results
were not perceived as useful. In general, the search queries
parents used on behalf of their children tended to be more
elaborate, for example, with precise age information. This
observation has implications for providers of pediatric health
content on the web. For pediatric health information,
age-specific information in combination with specific symptoms
may be most helpful in meeting parents’ needs. Given the fact
that uncertainty is a potential difficulty during OHIS [78,79]
and symptoms have different health implications based on
developmental age, this approach could support parents’
connection to information that is more developmentally
appropriate for their child.

Furthermore, advertisements both in Google search results and
on further websites received little to no attention. This could be
due to a general blindness for web-based advertisements [80]
as well as the mistrust that consumers attribute to advertisements
on the internet [81-83]. This is an important finding for possible
future interventions as it suggests that target group-oriented
advertising may not work in symptom-related searches, for
example, to address stressed parents with relevant information
directly during their search. Previous research has also shown
that health websites with advertisements are perceived as less
trustworthy [84]. Therefore, it could be more promising to
provide parents with relevant eHealth knowledge via social
media influencers, as there may be a pre-existing higher level
of trust [85] that is lacking in conventional text advertising.

Similar to previous findings, we found a relationship between
trait health anxiety and the need to talk to a physician after the
search [37,57] and poorer search outcomes [38]. The relationship
between pretask stress and health anxiety was also significant
but not that between health anxiety and change in stress after
the task. The experimental setting may have increased the
baseline levels of pretask stress. Although not reported in this
study, physiological data were also collected and showed a
downward trend of electrodermal activity in many participants,
which may have made detecting individual differences in change
in stress after the task more difficult.

There was no association of eHealth literacy with search success,
self-empowerment, need to talk to a physician, search duration,
number of search queries, and stress after the search. We
hypothesized that parents with higher eHealth literacy would
search the web faster, use fewer resources, need fewer search
queries, and thus search more efficiently. In theory, individuals
with higher eHealth literacy should be better at finding,
selecting, and using health information on the web than
individuals with lower eHealth literacy. The nonsignificant
results may raise concerns about the general difficulty of valid
assessment of eHealth literacy using previous methods. The
validity problems of the eHealth Literacy Scale have been
described in the literature [86,87] and are generally attributable
to the self-assessment character of the scale [87,88]. Parents
with low eHealth literacy may not be aware of their lack of
competence, whereas parents with high eHealth literacy may
underestimate their skills [89,90]. In a study by Meppelink et
al [91] on vaccination information seeking on the web,
confirmation bias was more prevalent in parents with high health
literacy. Prospectively, the dissemination on pitfalls and
common cognitive biases of OHIS [92] could be valuable for
enhancing eHealth literacy and mitigating the ramifications of
maladaptive OHIS. A review by Karnoe and Kayser [93] found
that although there are alternative methods of measuring eHealth
literacy, these need further testing for use in research.

Contrary to expectations, we found no statistically differences
between parents who searched for themselves and those who
searched for their child, although these results should be
interpreted tentatively due to the small sample size. We did find
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a trend that parents who searched for their child reported a
higher need to talk to a physician after the search than among
parents who searched for themselves (P=.07, Cohen d=.58).
This finding should be explored further in a large and more
diverse sample of parents. Regarding other differences, we had
hypothesized that a higher level of self-perceived responsibility
and uncertainty during managing children’s symptoms in
by-proxy seekers would lead to poorer outcomes in various
dimensions (ie, search appraisals, longer search time, and higher
stress). Although previous research has shown substantial
differences between the characteristics of self-seekers and
by-proxy seekers [18,94-96], these studies did focus neither on
intraindividual differences on web users who usually act in both
roles (ie, parents) nor on search appraisals. Nevertheless, we
have several explanations for these unexpected results. First,
there is the absence of considerable differences in most of the
dimensions examined between self-seekers and by-proxy seekers
exclusively in parents. In contrast to previous studies [18,94-96],
our sample consisted only of parents. Within the general
research on OHIS by proxy, the parent-child relationship may
differ from OHIS on behalf of intimate partners, elderly
relatives, informal caregivers, or friends. Parents are responsible
for their children’s health, whereas in most other by-proxy
search relationships, there is still a certain degree of personal
responsibility. Reifegerste and Bachl [97] found that relationship
closeness was a relevant factor for OHIS by proxy, and that
motives can differ across various by-proxy search types (ie,
between parent-child and parent-partner). Thus, parents’ OHIS
for themselves could be very similar to OHIS by proxy for their
children but may differ considerably for other relationships.
Second, although the symptoms were derived from the recent
past, they may no longer be relevant at the time when
participants processed the task in the laboratory. Acuteness,
perceived information need, and risk perception are important
catalysts for OHIS [98-100]. Additional findings from Rains
and Tukachinsky [101] suggest the association between
information seeking depth on the web (ie, number of webpages)
and the uncertainty appraisal intensity. Future research in larger
samples and natural settings is essential, for example, with the
support of smartphone apps that record health-related symptom
searches just in time.

Finally, a recent scoping review revealed a wide variety of
information needs among internet users [102], suggesting the
requirement for better-tailored web-based health resources at
the individual level. In addition to frequently examined relating
factors on search success, such as credibility, trust, or
information quality [103,104], other factors should also

increasingly be included in theoretical considerations and tested
experimentally, for example, contemporary features of social
media and their effectiveness on knowledge transfer [105,106].
Likewise, the use of artificial intelligence-based chatbots could
be very promising for addressing the individual needs of
consumers during OHIS [107-109]. Although in our experiment
we only assessed subjective search success and search
satisfaction, future studies could evaluate the respective website
elements of a health-related website more precisely in terms of
their contribution to search success. Approaches that consider
perceived user trust and enhance interactivity may significantly
improve users’ experience with health websites [110].

Limitations
Our work has some limitations. The experiment was based on
a small sample size and did not allow any conclusions about
the search behavior of the public. The sample consisted mainly
of mothers with a high level of education and therefore
underrepresented both fathers and parents with lower educational
attainments. Neither the medical knowledge nor the possible
work in a medical profession was assessed. Previous expertise
could have had a substantial impact on the search and its
evaluation. Furthermore, we applied an experimental approach
in a laboratory setting; thus, the findings might not be
generalized to real search behavior at home, although parents
reported that their search behaviors were similar to those at
home. In addition, we used single items for evaluating the
subjective search outcomes and thus may have overlooked
important dimensions. Future studies should apply more
sophisticated assessment approaches in this context. Finally,
the lack of association between eHealth literacy and search
characteristics in our study may be related to the type and
complexity of the search task. Further studies should examine
the relationship between eHealth literacy and search
characteristics based on the perceived task difficulty.

Conclusions
The results of this study indicate that parents’ symptom search
evaluation is considerably associated with health anxiety, less
with eHealth literacy, and not significantly with attitudes toward
OHIS. These findings contribute additional evidence to a
growing body of literature on the role of health anxiety during
OHIS for oneself and others. Given the prevalence of web-based
health information use among parents, further research is
urgently needed to provide evidence-based recommendations
on how to search the web most effectively and how this connects
with subsequent health behaviors.
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Abstract

Background: Concussions, which are known as mild traumatic brain injuries, are complex injuries caused by direct or indirect
blows to the head and are increasingly being recognized as a significant public health concern for children and their families.
Previous research has identified few studies examining the efficacy of educational interventions on parental concussion knowledge.
The aim of this research was to actively work together with children who have experienced a concussion and their parents to
develop, refine, and evaluate the usability of a web-based infographic for pediatric concussion.

Objective: The objective of this study was to report on the usability of the infographic, parental knowledge, and self-confidence
in pediatric concussion knowledge before and after exposure to the infographic.

Methods: A multiphase, multimethod research design using patient engagement techniques was used to develop a web-based
infographic. For this phase of the research (usability, knowledge, and confidence evaluation), parents who could communicate
in English were recruited via social media platforms and invited to complete web-based questionnaires. Electronic preintervention
and postintervention questionnaires were administered to parents to assess changes to concussion knowledge and confidence
after viewing the infographic. A usability questionnaire with 11 items was also completed.

Results: A web-based, infographic was developed. The infographic is intended for parents and children and incorporates
information that parents and children identified as both wants and needs about concussion alongside the best available research
evidence on pediatric concussion. A total of 31 surveys were completed by parents. The mean scores for each item on the usability
surveys ranged from 8.03 (SD 1.70) to 9.26 (SD 1.09) on a 10-point Likert scale, indicating that the usability components of the
infographic were largely positive. There was no statistically significant difference between preintervention and postintervention
knowledge scores (Z=−0.593; P=.55; both preintervention and postintervention knowledge scores had a median of 9 out of 10).
In contrast, there was a statistically significant difference between preintervention (mean 3.9/5, SD 0.56) and postintervention
(mean 4.4/5, SD 0.44) confidence in knowledge scores (t30=−5.083; P<.001).

Conclusions: Our results demonstrate that parents positively rated a web-based, infographic for pediatric concussion. In addition,
although there was no statistically significant difference overall in parents’ knowledge scores before and after viewing the
infographic, their confidence in their knowledge did significantly increase. These results suggest that using a web-based infographic
as a knowledge translation intervention may be useful in increasing parents’ confidence in managing their child’s concussion.

(JMIR Pediatr Parent 2022;5(2):e36317)   doi:10.2196/36317
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Introduction

Background
Concussions, which are known as mild traumatic brain injuries,
are complex injuries caused by direct or indirect blows to the
head [1]. An estimated 125,000 youths in Canada and 750,000
in the United States will sustain concussions annually [2,3].
Typical signs and symptoms of a concussion include headaches,
nausea, dizziness (or fogginess), and sensitivity to light or noise
[4]. For most children, recovery occurs within 1 to 4 weeks after
the injury [5]. An estimated one-third of children and youths
will have persistent symptoms that occur beyond 28 days.
Persistent symptoms may include headaches, sleep problems,
and emotional distress [2,3].

Rapid increases in the amount of health research, particularly
in pediatric concussion, and the increased accessibility to
research offered through the internet, suggest a demand for
reliable, evidence-based health information that is relevant and
easy to understand for patients and families [6]. Innovative
media have been shown to be superior to traditional methods
(ie, handouts) for transferring health information to consumers
[7]. Our research team conducted an environmental scan of
pediatric concussion resources found on the internet and in app
stores. Despite innovative media being superior to traditional
methods for transferring health information, our scan revealed
that most pediatric concussion resources are PDF documents,
suggesting that organizations struggle to optimize the use of
innovative media (eg, infographics, videos, and narratives) when
sharing health information. Our environmental scan also
revealed that many resources are not developed in collaboration
with health consumers. Using patient engagement approaches
to involve end users (eg, parents and children) in the
development of educational resources is key to effective
knowledge translation (KT) [8].

A systematic review [9] evaluating the effectiveness of
concussion education programs for coaches and parents of youth
athletes found a limited number of studies examining the
efficacy of educational interventions on parental knowledge of
concussion and a lack of interventions designed specifically for
parents. This suggests that additional research is necessary to
investigate changes in parental knowledge following educational
interventions and a need for more interventions specifically
intended for parents and families. Furthermore, although studies
have assessed parental knowledge of concussion, most have
focused on sport-related concussions [9-14]. Few studies have
evaluated changes in concussion knowledge after exposure to
an educational intervention [13], and no known studies have
assessed changes in self-confidence. Confidence is an important
construct for behavior change. Higher levels of confidence
increase the likelihood that an individual will change a health
behavior when faced with obstacles [15]. Understanding how
confident parents are in their knowledge and abilities to parent
is an essential component of the quality and sustainability of

parenting behaviors [16]. In the context of our research,
understanding how confident parents are in their knowledge of
concussion and if an increase in confidence before and after an
intervention is observed may provide critical insight into their
health decision-making for their child, such as when to seek
emergency care and at-home recovery.

To date, KT efforts have largely focused on ensuring that health
care professionals use the latest research to inform their practice;
however, emerging evidence suggests that efforts that target
health consumers (eg, patients and families) can inform their
decision-making and shape their treatment expectations (eg,
what to expect in the emergency department) [17-20]. Although
research is beginning to demonstrate that strategies targeting
parents for KT can reduce health care use and improve
outcomes, more research is required to fully understand the
power and impact of these efforts on both children and families
[21-23].

Objectives
Developing innovative KT tools that present research-based
information in user-friendly languages and formats provides
consumers with accurate recommendations while addressing
knowledge or information needs. In addition, these tools may
foster and empower consumers to make informed decisions
about health care for themselves and their families. To date,
limited research has explored the usefulness and effectiveness
of web-based infographics as an innovative way to share health
information with patients and families. The purpose of this
research was to actively work together with children who have
experienced a concussion and their parents to develop, refine,
and evaluate the usability of a web-based infographic for
pediatric concussion. We also aimed to assess parental
self-confidence and knowledge of pediatric concussion before
and after exposure to the infographic. This paper provides an
overview of the development of the infographic prototype and
reports on the results of parental usability, knowledge, and
confidence testing.

Methods

Overview
A multiphase, multimethod study using patient engagement
techniques was used to develop, refine, and evaluate the usability
of a web-based infographic for pediatric concussion to promote
KT. Details of phases 1 and 2 of this work are reported by
Campbell et al [24]. Changes in concussion knowledge and
confidence in responses were also evaluated through
preintervention and postintervention tests.

Ethics Approval
Ethics approval was obtained from the University of Alberta
Health Research Ethics Board (Pro0096202).
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Exploring Gaps in Current Concussion Tools
(Intervention Development, Phase 1)
An environmental scan was conducted (May 2021) by the first
author (AC) to identify publicly available Canadian developed
resources providing information on pediatric concussion found
on the internet and in apps. Information gaps in these resources
were extracted (eg, resource format, target audience, and
information) and used to inform the subsequent phases of this
research, including the target audience for semistructured
interviews (phase 2) and elements of the infographic, including
target audience, content, and format (phase 3). The full results
of this environmental scan are reported by Campbell et al [24].

Compilation of Child and Parent Narratives
(Intervention Development, Phase 2)
Phase 2 of this multiphase study was a qualitative description
[25,26]. The first author (AC; trained in qualitative methods
and supervised by the senior author and principal investigator
(SDS) conducted semistructured interviews with a convenience
sample of children who have experienced a concussion and their
parents. Children and parents were recruited on the web through
our research group’s (Evidence in Child Health to Enhance
Outcomes [ECHO] KT) social media platforms (Twitter
@echoktresearch, Facebook ECHO Research, and Instagram
@echoktofficial) and website [27]. The overarching purpose of
these interviews was to explore the concussion experience of
children and parents to understand their information needs and
preferences regarding concussion. For children, questions
focused on the concussion experience from the child’s
perspective, and for parents, questions focused on the experience
of caring for a child with concussion. Interview topics included
mechanism of injury, symptom experience, experience with the
health care team, recovery and follow-up, and concussion
information needs and preferences. The interviews were
recorded and transcribed verbatim. The findings from these
interviews informed the content and format of the web-based
infographic. The sample demographics and full results of this
qualitative study are reported by Campbell et al [28].

Prototype Development (Phase 3)
The development of the infographic prototype involved first
creating a composite infographic skeleton, which integrated the
information needs and preferences of parents and children (as
reported in the qualitative interviews) with the best available
research on pediatric concussion management [28-30]. This
integration determined the content for the infographic. The
author AC led the development of the infographic with ongoing
input and feedback from all authors. We then worked with a
graphic design team that assisted in developing the
accompanying artwork that would coincide with the content for
the infographic.

Parent, Youth, and Expert Feedback and Prototype
Refinement
Upon completion of the infographic prototype, it was thoroughly
reviewed and vetted for content accuracy by the author VP
(content expert). The author VP is ideally suited for this
assessment as she is well abreast of the best available research
evidence in this specialized field. All authors provided extensive

input and feedback on each iteration of the prototype until a
finalized version was agreed upon to be disseminated for user
feedback and evaluation. The prototype was then shared with
a group of parents from the Pediatric Parent Advisory Group.
The Pediatric Parent Advisory Group is a group of parents, legal
guardians, and grandparents who serve as advisers to the ECHO
Research and Alberta Research Centre for Health Evidence
programs (the authors SDS and LH’s research programs) by
providing advice and feedback on research aimed at improving
child health outcomes [31]. Finally, the prototype was informally
shared with a diverse group of youth for further advice and
feedback. On the basis of the recommendations and feedback
from content experts, parents, and youth, changes were made
to the infographic (eg, changes to colors, images, word choice,
and order of information).

Prototype Usability Evaluation and Knowledge Change
We collected a convenience sample of participants to complete
our web-based surveys. Collaborating clinicians from across
Canada emailed potential participants with links to the
infographic, usability test, and preintervention and
postintervention knowledge and confidence tests. Potential
participants included any parent, legal guardian, or grandparent.
Participants were required to read and understand English. We
asked for assistance from clinicians with known connections to
concussion clinics, as potential participants from these clinics
would be best suited to assess the relevance of the infographic
and are more likely to seek out similar resources. Parent
participants who previously participated in the qualitative
interview portion of this research were also contacted via email
with links to the infographic and surveys. In addition, we
recruited participants via advertisements on our research group’s
social media platforms (Twitter, Facebook, and Instagram) with
a link to the surveys.

A link to the infographic, usability test, and preintervention and
postintervention knowledge and confidence tests was made
available to all potential participants. The study description,
including potential risks and benefits, was made available before
beginning the survey. Consent was implied if the web-based
survey was completed and submitted. Completion of the survey
was completely voluntary. Participants were asked to complete
a web-based survey that assessed their perceptions of the
infographic using an adapted version of the validated User
Experience Questionnaire (UEQ) [32,33]. We adapted the UEQ
by reducing the number of items from 26 to 11 based on
relevance to our infographic. The adapted UEQ contained 11
items, rated on a 10-point Likert scale ranging from 1 (least
favorable answer) to 10 (most favorable answer). Participants
had the opportunity to provide free-text feedback on areas that
required revisions or more information.

To evaluate the knowledge of pediatric concussion, participants
were asked to answer 10 true or false questions reflecting the
most common misunderstandings about concussion. The true
or false questions were adopted from a questionnaire developed
by McKinlay et al [34]. Participants rated their level of
confidence in their response to each question using a 5-point
Likert scale (very sure to very unsure). After completing the
baseline knowledge test, participants were to read the
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infographic, and knowledge questions were answered again to
assess short-term knowledge changes. Participants were again
asked to rate their confidence. The UEQ was also completed
following postintervention knowledge and confidence testing.

Survey data were collected from May 6, 2021, to June 14, 2021,
through the Canadian web-based electronic platform
SimpleSurvey. SimpleSurvey is secure, protected by several
firewalls and layers of security, in alignment with Canadian
privacy laws. The data collected through SimpleSurvey are
completely anonymous and cannot be traced back to any
individual. We followed the Checklist for Reporting the Results
of Internet E-Surveys.

Data Analysis
Data were entered into SPSS (version 26; IBM Corporation)
[35], and descriptive statistics (eg, frequencies), measures of
central tendency, and tests of statistical significance were
completed. We conducted sample size calculations based on
change in overall knowledge score to achieve a power of 80%
and a level of significance of 5% (2-sided) with a 1-point
difference (on a 10-point scale) between preintervention and
postintervention knowledge scores (correlation estimate 0.6).
A total sample size of 28 participants was required.

To assess knowledge change, we statistically compared
preintervention and postintervention knowledge scores overall,
as well as pretest and posttest scores for each topic. To assess
knowledge change in each topic, items on the knowledge
questionnaire were scored as 1 for correct and 0 for incorrect.
The percentage of correct answers for each item and overall
was then calculated. Owing to the nonnormality of knowledge
scores, the median knowledge scores for both preintervention-
and postintervention questionnaires were compared using
Wilcoxon signed-rank tests.

To assess change in confidence, we statistically compared
preintervention and postintervention confidence scores overall,
as well as pretest and posttest scores for each topic. Likert scale
scores were averaged, and differences in pre- and posttest scores
were compared using paired 2-tailed t tests. Free-text data were
analyzed using content analysis [25].

Results

The Tool (Web-Based Interactive Infographic)
In collaboration with a creative design team, we developed a
web-based infographic based on 14 interviews with children
and parents who have had experiences with concussion. The
infographic targets parents and children and was designed to
incorporate information parents and children identified as both
wants and needs about concussion, including symptoms, when
to go to the emergency department, return to play and learn
guidance, and recovery tips. Interactive elements of the
infographic include an animated GIF depicting what happens
to the brain inside the skull after a direct or indirect blow to the
head, drop-down lists, horizontal scrolling, audio clips of
children telling their story and experience with concussion, and
downloadable PDF information sheets targeting teachers,
coaches, and family or friends that can be shared (Figures 1-4).
Modifications to the infographic were also made in careful
consideration of those experiencing concussions. For example,
we opted to make the font size larger than average and ensured
the colors used throughout the infographic were less bright
(softer or dull) to accommodate the visual disturbances and
sensitivity to light often experienced with concussions [36,37].
We ensured that the characters used throughout the infographic
were representative of a diverse population. On average, the
infographic takes approximately 5 to 10 minutes to read and
review from beginning to end.
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Figure 1. Infographic sample 1.

Figure 2. Infographic sample 2.
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Figure 3. Infographic sample 3.

Figure 4. Infographic sample 4.

Usability Testing Results
In total, 43 surveys were started, of which 31 (72%) were
completed. Table 1 shows the demographic characteristics of
the study population.
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Table 1. Demographic characteristics (N=31).

Value, n (%)Variable

Sex

28 (90)Female

3 (10)Male

Age (years)

7 (23)20-29

10 (32)30-39

5 (16)40-49

6 (19)50-59

3 (10)≥60

Marital status

28 (90)Married, partnered, or common law

2 (7)Single, separated, divorced, or widowed

1 (3)Prefer not to answer

Education

6 (19)Postsecondary certificate or diploma

9 (29)Postsecondary degree

15 (48)Graduate degree

1 (3)Other

1 (3)Prefer not to answer

Annual household income (CAD $ [US $])

1 (3)40,000-59,000 (31,318-46,194)

1 (3)60,000-79,000 (46,977-61,853)

4 (13)80,000-99,000 (62,636-77,512)

22 (71)≥100,000 (78,295)

3 (10)Prefer not to answer

Number of children

2 (7)0

12 (39)1

15 (48)2

1 (3)3

1 (3)4

Age of children (years)

4 (13)<1

14 (45)1-5

2 (7)6-10

6 (19)11-15

11 (36)16-20

3 (10)21-25

9 (29)>25

2 (7)N/Aa

Has your child ever had a concussion?

14 (45)Yes
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Value, n (%)Variable

17 (55)No

aN/A: not applicable.

In general, parental reaction to the infographic was positive.
The mean scores for each item of the usability scale ranged
from 8.03 (SD 1.70) to 9.26 (SD 1.09) out of 10 (Figure 5).
Only 1 parent indicated that the infographic did not meet their
expectations and 1 parent commented that they would not
recommend this tool to other families managing a child’s
concussion. Common comments on the usability survey
indicated parents felt the infographic was “simple and easy to
follow,” “user friendly,” and “concise.” Other comments on the
most positive aspects of the infographic included the following:

Good layout and flow to answer questions, easy to
navigate, and flow chart easy to follow on next steps.
[Participant 14]

The points were well highlighted. Easy to follow.
Informative, quick to look at for what to do or watch
for. Not too overwhelming. Touched the most
important information. [Participant 23]

It did not overwhelm with information. [Participant
8]

Some parents felt that the infographic colors were “dull” and
“sometimes hard to view” (ie, Participants 26 and 29). For
instance, a parent said:

Mostly blocks of words, not unlike a pamphlet.
Colours somewhat dull and lacking contrast between
text and background. May be difficult for people with
low vision or differences in colour perception.
[Participant 11]

Figure 5. Usability testing results.

Knowledge Evaluation and Confidence in Response
The median preintervention knowledge score across the 10
knowledge topics was 9 (IQR 9-10), and the median
postintervention knowledge score was 9 (IQR 9-10). A
Wilcoxon signed-rank test showed no statistically significant
difference in median knowledge scores before and after viewing
the infographic (Z=−0.593; P=.53). Individually, an overall
knowledge gain (although minor) was observed for topics 2, 7,
and 10, and an overall knowledge loss was observed for topics
1, 6, 8, and 9, but Wilcoxon signed-rank tests showed no
statistically significant changes before and after the intervention
(Table 2). In the remaining 3 topics (topics 3, 4, and 5), 100%

(31/31) of the parents successfully identified the correct response
before viewing the infographic, and this was retained after.

The mean preintervention confidence score across the 10
knowledge topics was 3.9 (SD 0.56; 3.9/5, 78%) and the mean
postintervention confidence score was 4.4 (SD 0.44; 4.4/5,
88%). A paired 2-tailed t test showed a statistically significant
difference in average confidence scores before and after viewing
the infographic (t30=−5.083; P<.001). Across each knowledge
topic, paired 2-tailed t tests showed a statistically significant
difference in confidence in answering the true or false questions
for 70% (7/10) of the topics (topics 2, 3, 5, 6, 7, 9, and 10; Table
3).
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Table 2. Changes in knowledge before and after exposure to the intervention.

P valueAfter exposure,
% correct

Before exposure,
% correct

Frequency, n (%)ScenarioQuestion (correct answer) and answer
combination

After exposureBefore exposure

.3297100A concussion only occurs when there is loss of consciousness (Fa)

0 (0)FTbCombination 1

1 (3)TFCombination 2

0 (0)TTCombination 3

30 (97)FFCombination 4

.329787A concussion only occurs after a blow directly to the head (F)

4 (13)FTCombination 1

1 (3)TFCombination 2

0 (0)TTCombination 3

26 (84)FFCombination 4

>.99100100Confusion is not a sign of concussion if it clears within 5 minutes (F)

0 (0)FTCombination 1

0 (0)TFCombination 2

0 (0)TTCombination 3

31 (100)FFCombination 4

>.99100100It is safe to return to playing sports as soon as the child is no longer confused (F)

0 (0)FTCombination 1

0 (0)TFCombination 2

0 (0)TTCombination 3

31 (100)FFCombination 4

>.99100100Concussion symptoms are only apparent at the time of injury (F)

0 (0)FTCombination 1

0 (0)TFCombination 2

0 (0)TTCombination 3

31 (100)FFCombination 4

.166577Being knocked out is not the same as a concussion (T)

6 (19)FTCombination 1

2 (7)TFCombination 2

18 (58)TTCombination 3

5 (16)FFCombination 4

.329490Someone with a concussion should be kept awake for the first 24 hours after injury (F)

1 (3)FTCombination 1

0 (0)TFCombination 2

2 (7)TTCombination 3

28 (90)FFCombination 4

.329497A concussion does not have longer-term effects (F)

0 (0)FTCombination 1

1 (3)TFCombination 2

1 (3)TTCombination 3

29 (94)FFCombination 4
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P valueAfter exposure,
% correct

Before exposure,
% correct

Frequency, n (%)ScenarioQuestion (correct answer) and answer
combination

After exposureBefore exposure

.565861Children will recover better from a concussion than adults (F)

1 (3)FTCombination 1

2 (7)TFCombination 2

11 (36)TTCombination 3

17 (55)FFCombination 4

.329790Sometimes, concussion symptoms can take hours or days to show up (T)

1 (3)FTCombination 1

3 (10)TFCombination 2

27 (87)TTCombination 3

0 (90)FFCombination 4

aF: false.
bT: true.
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Table 3. Confidence in knowledge responses (N=31).

P valueScore, mean
(SD)

Confidence, n (%)Question (correct answer)
and pre- or posttest

Extremely

confident

Very

confident

More than somewhat
but not very confident

Somewhat

confident

Not at all

confident

.06A concussion only occurs when there is loss of consciousness (false)

4.58 (0.62)20 (65)9 (29)2 (7)0 (0)0 (0)Pretest

4.74 (0.51)24 (77)6 (19)1 (3)0 (0)0 (0)Posttest

.02aA concussion only occurs after a blow directly to the head (false)

4.16 (1.04)15 (48)9 (29)5 (16)1 (3)1 (3)Pretest

4.65 (0.61)22 (71)7 (23)2 (7)0 (0)0 (0)Posttest

.004aConfusion is not a sign of concussion if it clears within 5 minutes (false)

3.81 (0.87)8 (26)10 (32)12 (39)1 (3)0 (0)Pretest

4.45 (0.81)19 (61)8 (26)3 (10)1 (3)0 (0)Posttest

.06It is safe to return to playing sports as soon as the child is no longer confused (false)

4.35 (0.76)16 (52)0 (0)5 (16)10 (32)0 (0)Pretest

4.65 (0.66)22 (71)8 (29)0 (0)1 (3)0 (0)Posttest

.03aConcussion symptoms are only apparent at the time of injury (false)

4.39 (0.72)16 (52)11 (36)4 (13)0 (0)0 (0)Pretest

4.71 (0.53)23 (74)7 (23)1 (3)0 (0)0 (0)Posttest

.008aBeing knocked out is not the same as a concussion (true)

3.58 (0.85)5 (16)10 (32)14 (45)2 (7)0 (0)Pretest

4.03 (0.91)11 (36)12 (39)6 (19)2 (7)0 (0)Posttest

.001aSomeone with a concussion should be kept awake for the first 24 hour after injury (false)

3.52 (1.06)6 (19)10 (32)10 (32)4 (13)1 (3)Pretest

4.29 (1.01)17 (55)9 (29)3 (10)1 (3)1 (3)Posttest

.07A concussion does not have longer-term effects (false)

4.23 (0.72)12 (39)14 (45)5 (16)0 (0)0 (0)Pretest

4.52 (0.68)19 (61)9 (29)3 (10)0 (0)0 (0)Posttest

.004aChildren will recover better from a concussion than adults (false)

2.97 (1.08)3 (10)5 (16)14 (45)6 (19)3 (10)Pretest

3.55 (1.03)5 (16)12 (39)11 (36)1 (3)2 (7)Posttest

<.001aSometimes, concussion symptoms can take hours or days to show up (true)

3.74 (1.09)8 (26)12 (39)8 (26)1 (3)2 (7)Pretest

4.45 (0.68)17 (55)11 (36)3 (10)0 (0)0 (0)Posttest

aStatistically significant at P<.05.

Discussion

Principal Findings
This study evaluated the usability of a novel, web-based
infographic for parents who have experiences managing a child
with a concussion, in addition to parental knowledge about
pediatric concussion and confidence in their responses. Previous
research has explored student and parent knowledge and

perceived confidence about brain injury and concussion but has
not assessed changes in knowledge or confidence before and
after exposure to an educational intervention [38]. Our study is
the first to examine how web-based and arts-based media impact
parental knowledge and confidence about pediatric concussions.

Parental concussion education is critically important, as many
concussion signs and symptoms may not appear until hours or
even days after the incident. As such, the onus falls on parents
to identify signs and symptoms to ensure prompt and proper
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diagnosis, treatment, management, and safe return to play or
school [9]. Previous studies on parental concussion knowledge
have found that parents are generally knowledgeable about
concussion signs, symptoms, and recovery time even before
exposure to an educational intervention, with small
improvements in knowledge following exposure [9,13]. Parents
in our study were also found to be generally knowledgeable
about concussion before exposure to our infographic. Overall,
the results of this study showed no significant overall increase
in concussion knowledge. This may be because most parents
in our study had previous experience with concussion and
possessed high levels of concussion knowledge at baseline. A
more diverse sample (particularly those without previous
concussion experience) and more pronounced knowledge
deficits at baseline may have yielded more significant
knowledge changes.

Unique to our study was the evaluation of not only parental
knowledge changes but also changes in confidence in their
responses. After exposure to the infographic, parents’confidence
in their responses significantly increased in 70% (7/10) of the
content areas. This suggests that our infographic was effective
in helping parents feel more confident about their knowledge
of pediatric concussions. Increasing parental confidence in
knowledge of their child’s illness or injury may positively
influence their child health care decision-making (eg, when
seeking medical attention, home care, and recovery), ultimately
improving child health outcomes [15]. This phenomenon was
observed in a previous study conducted by our research team
in the area of pediatric chronic pain [22].

Overall, the results on the usability of the infographic were
positive, with most parents rating each aspect of the tool as very
favorable or extremely favorable. Our study and others have
demonstrated that innovative media, using narrative and artistic
elements, is a promising approach for communicating complex
health information to parents and families [18,19,22]. Although
time and resource strain often determine how resources are
developed, more innovative media may be beneficial in evoking
relevance, timely accessibility, and engagement. In fact, more
innovative media such as cartoons and videos have been found
to be superior to standard medical sheets in transferring
information to consumers [7]. Our chronic pain study yielded
results similar to those in this study, suggesting that innovative,
web-based, and arts-based interventions (eg, e-books and
infographics) are viewed positively by parents and may increase
parental confidence in their knowledge of pediatric conditions
[22].

The systematic review by Feiss et al [9] found only 3 concussion
education programs to be evaluated in the literature.
Furthermore, although these programs include written content
directed toward parents, there are no programs specifically
designed for parents. Our infographic is unique in that it was
designed specifically for parents based on their information
needs and preferences, and parents were involved throughout
the tool development process. Furthermore, our infographic
was designed to be safe or comfortable for youth with
concussions to view, as we carefully considered elements such
as font size and colors that would not cause eye strain and
potentially exacerbate concussion symptoms. Although the

rapidly developing evidence base in pediatric concussion places
increased demands on updating information that is included in
educational interventions to ensure they are timely and relevant,
researchers have an opportunity to expand on the evidence being
shared by taking a more participatory approach, involving end
users in the development of these interventions.

The finalized version of this infographic (finalized February
2022) is now being disseminated through established social
media platforms, including ECHO Research’s Instagram,
Twitter, Facebook, and website [27] and Translating Emergency
Knowledge For Kids [39], which is a national network of health
professionals and parents whose goals are to improve emergency
care for children.

Limitations
We relied on parent self-report data. The parents in our study
consistently possessed high levels of education, and our findings
cannot be extrapolated to all parents, including those with more
pronounced information deficits or poor health literacy.
Recruitment and data collection for this study occurred during
the COVID-19 pandemic; thus, in adherence to government
guidelines, recruitment occurred on the web through
convenience sampling, which may not have provided the most
information-rich sources. We acknowledge the approximately
25% (31/43) dropout attrition in our surveys. The reasons for
dropout attrition in our study are unknown, although they are
common in web-based surveys. However, careful review of the
survey is warranted to potentially diminish dropout attrition in
the future. Our study evaluated short-term changes in knowledge
and confidence. Future research should examine changes in
knowledge and confidence over time, as well as whether this
change affects decisions made regarding the care and outcomes
of the child. In addition, approximately half of the parents in
our study had previous experience with concussions and may
have received information about concussions via other sources.
This may confound our results in terms of the effectiveness of
the infographic on knowledge and confidence. Furthermore, the
baseline knowledge score was very high, leaving little room to
see an effect in terms of knowledge change. Our study did not
ask about previous education sources, training, or exposure to
pediatric concussions. A better understanding of the impact of
various forms of education on knowledge and confidence,
including participants with lower socioeconomic backgrounds,
will help improve the design and format of future educational
interventions.

Conclusions
Our results demonstrated that parents positively rated a
web-based infographic about pediatric concussion, and this
infographic increased their confidence in knowledge of pediatric
concussion. These findings hold promise for future development,
application, and effectiveness testing of web-based, arts-based
KT interventions for transferring complex health information
to parents. Future research using innovative digital media for
knowledge transfer with different clinical conditions and
participant demographics (ie, children and different parents)
should be explored as well as the effectiveness of different
formats (eg, videos, e-books, and standard information sheets).
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Abstract

Background: Caregivers of children and youth with complex care needs (CCN) require substantial support to ensure the
well-being of their families. Web-based peer-to-peer (P2P) support groups present an opportunity for caregivers to seek and
provide timely informational and emotional support. Despite the widespread use of social media for health-related support across
diverse patient and caregiver populations, it is unclear how caregivers of children and youth with CCN use and potentially benefit
from these groups.

Objective: The aim of this study is to explore the use of a web-based P2P support group for caregivers of children and youth
with CCN in New Brunswick, Canada, and investigate factors related to its use by members.

Methods: The study sample consisted of individuals who joined a closed Facebook group and an analysis of content published
to the group. In phase 1, a Facebook group was developed in consultation with a patient and family advisory council, and members
were recruited to the group. Phase 2 of this study consisted of an observation period during which posts and related interactions
(ie, likes, loves, and comments) by members were collected. In phase 3, a web-based survey was distributed, and semistructured
interviews were conducted with a subsample of group members. Survey and interview data were analyzed using thematic analysis.

Results: A total of 108 caregivers joined the Facebook group between October 2020 and March 2021. There were 93 posts with
405 comments and 542 associated interactions (448/542, 82.7% likes and 94/542, 17.3% loves). Of these 93 posts, 37 (40%)
were made by group members, and 56 (60%) were made by moderators. Of the 108 members, a subsample of 39 (36.1%) completed
a web-based survey, and 14 (13%) participated in the interviews. Content analyses of posts by members revealed that inquiry
(17/37, 46%), informational (15/37, 41%), and emotional posts (4/37, 11%) were the most common. Emotional posts received
the highest number of interactions (median 24.5). In total, 5 themes emerged from the interviews related to the use of the group
and mediating factors of interactions between group members: resource for information, altruistic contribution, varying level of
engagement, perceived barriers to and facilitators of group activity, and moderators as contributing members.

Conclusions: These findings demonstrate that caregivers of children and youth with CCN seek geography-specific P2P support
groups to meet informational and social support needs. This study contributes to the knowledge on how caregivers use Facebook
groups to meet their support needs through moderate and passive engagement.

(JMIR Pediatr Parent 2022;5(2):e33170)   doi:10.2196/33170
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Introduction

Background
Children and youth with complex care needs (CCN) are those
with multidimensional health and social care needs who may
or may not possess a diagnosis of a recognized condition [1].
Children and youth with CCN are present across diverse settings,
requiring services from multiple care providers, which can result
in significant physical, mental, and emotional pressures on their
caregivers. The exact incidence and prevalence rate of children
and youth with CCN is not well understood, in part because of
ambiguity in the terms used to define this population [2], such
as medical complexities [3], special needs [4], and medical
fragility [5].

Caregivers of children and youth with CCN face many unique
challenges owing to their complicated and multifaceted care
needs. Barriers related to financial resources, continuity of care,
and service navigation make accessing timely support
challenging for these caregivers [6-8]. However, these caregivers
possess invaluable experiential knowledge related to the
available services and programs, access to resources, and
effective professional support. Connecting these caregivers with
each other through web-based peer-to-peer (P2P) support is one
way to meet their informational and emotional support needs.
Social media websites in particular provide an accessible and
inexpensive space for the exchange of support between
individuals with similar lived experiences.

Web-based P2P support has been shown to provide users with
valuable informational, social, and emotional support [9] and
allows users to communicate with peers and receive timely
support without leaving their homes [10]. Internet-based P2P
support allows for connections with peers on the caregivers’
own time [11,12] and improves access despite geographical
isolation [13]. P2P support groups present an opportunity for
caregivers of children and youth with CCN to learn about and
make sense of the maze of services, programs, and treatments
available to them as well as the overwhelming amount of
information provided to them by various sources [14]. Finally,
web-based support allows those facing rare or stigmatized
conditions to benefit from web-based discussions with peers
[15].

Concerns related to lack of confidentiality and privacy have
been identified as barriers to web-based health-related P2P
support [16-19]. However, the opportunity to share experiences
and connect with peers in similar situations has been reported
to outweigh risks related to privacy as well as concerns about
web-based negativity and potentially low-quality information
[20]. Reaching out to others on the web requires a certain level
of candidness and honesty that can sometimes prompt negative
support; messages perceived by the receiver as negative or
unsupportive are known to lead to poorer overall mental health
[21]. Despite the risks associated with sharing personal stories
and issues on the web, parents of children and youth with CCN

have reported fewer instances of judgment within Facebook
support groups than in offline interactions [22].

Many social media websites and applications exist for use by
the general public to connect and share content. Facebook in
particular has been noted for its use in health-related
communication among diverse types of patient and caregiver
populations [23-27]. Facebook is among the most popular social
networking websites worldwide [28], particularly in Canada
[29], where 19.6 million users registered on the website in 2018
[30]. Previous research has demonstrated the prevalence and
use of Facebook for health-related P2P support [31], including
by parents of children with CCN [22]; however, it is unclear
how caregivers of children and youth with CCN use these
groups. Moreover, the factors that facilitate the success of these
support groups have not been investigated in this population.
Understanding the content and interactions between caregivers
of children and youth with CCN can inform our understanding
of these groups and how they may be leveraged to better support
this population.

Purpose of Research
This research aimed to explore the use of a Facebook-based
P2P support group by caregivers of children and youth with
CCN in the semirural Canadian province of New Brunswick
(NB). Despite previous research demonstrating the use of
Facebook groups by caregivers of children and youth with CCN
[22], the way in which caregivers use these groups is unclear.
Moreover, previous literature has not assessed the factors that
contribute to the use of these groups by caregivers. In a
preceding environmental scan of Facebook groups for caregivers
of children and youth with CCN [32], we determined that there
were no province-wide support groups for this population in
NB. Therefore, this study aimed to implement and examine the
use of a Facebook-based P2P support group for caregivers of
children and youth with CCN in NB developed for the purposes
of this research.

This research consisted of three phases: (1) developing a
Facebook P2P support group for caregivers of children and
youth with CCN in NB, (2) assessing its use by caregivers
through analysis of posts and interactions (ie, likes, loves, and
comments), and (3) exploring the factors that contribute to the
group’s activity levels and perceived success or failure by
members. The following research questions guided this study:
(1) How is the Facebook-based P2P support group used by NB
caregivers of children and youth with CCN? (2) What factors
affect the activity levels (ie, interactions between members) and
perceived success or failure of the Facebook-based support
group by caregivers of children and youth with CCN in NB?

Methods

Design and Sample
A qualitative descriptive design was used to explore how
caregivers of children and youth with CCN used a
Facebook-based P2P support group to communicate and to
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examine factors related to ongoing activity levels within the
group. Our sample consisted of caregivers of children and youth
with CCN in NB who joined and interacted with the Facebook
group and of a subsample of these participants who agreed to
take part in the survey and interviews.

Phase 1: Development and Implementation of the
Facebook Group
A bilingual (English and French) Facebook P2P support group
was developed in consultation with NaviCare/SoinsNavi, a
patient navigation center for children and youth with CCN in
NB. Focus groups and meetings were held with members of the
NaviCare/SoinsNavi Patient and Family Advisory Council
(PFAC) to delineate an implementation strategy and determine
the appropriate content for the group. The PFAC consists of 6
parents or guardians who have children and youth with CCN
and 1 young adult who grew up with CCN in NB. Investigators
met with the PFAC 3 times during the development of the group
and then monthly after its implementation until the conclusion
of the study. Specifically, the PFAC informed our team on the
development of group characteristics (eg, title, description,
membership screening, and rules), plans for discussion
moderation and recruitment, and evaluation.

The Facebook group, created for the purpose of this research,
was designed to facilitate the exchange of support between
caregivers of children and youth with CCN. The group is closed
to members, meaning that the member list and information
posted within the group are not visible to nonmembers; this was
to protect the confidentiality of those within the group and to
create a space conducive to the exchange of support. Elements
of the group that were visible to nonmembers included the group
title, description, and moderators. All prospective members
underwent a screening process before gaining approval from
the group moderators to join the private group, which included
providing informed consent to participate in this research. All
members were made aware of the research focus upon joining
the group during the study period and were informed when the
research observation period ended. Specifically, information
about the research was detailed in the group description,
screening process of prospective members, and link to a letter
of information detailing the research.

The group was moderated by a member of the
NaviCare/SoinsNavi PFAC and the NaviCare/SoinsNavi patient
navigator. These moderators monitored the discussion page to
respond to unanswered posts, ensure the validity of the
information, and enforce group rules. Although the patient
navigator represented a unique contribution to the support group
as a health professional, this individual’s role within the group
was simply to offer one perspective in addition to those of the
caregivers within the group. The patient navigator’s role was
to ensure that the posts received a timely response (ie, respond
to posts that did not receive a prompt reply from peers).

The Facebook support group was launched on October 5, 2020.
Members were recruited to the group using four strategies: (1)
email blast to past and present NaviCare/SoinsNavi clients, (2)
media release sent to 35 community organizations that support
families of children and youth with CCN in NB, (3) messages
sent to moderators of Facebook groups and pages used by

caregivers in NB (eg, general parent support groups), and (4)
media releases on other social media platforms and websites.

Upon the implementation of the Facebook group, the moderators
created a social media plan for ensuring that the group remained
active and relevant while it began to grow. The social media
plan involved a weekly structure of planned posts that included
a welcome post each Friday (tagging all new members that
week), a discussion post that prompted members to answer a
question or share their experience, and ongoing interaction with
posts made by members to ensure that content was not left
unacknowledged.

Phase 2: Observation of the Facebook Group
Phase 2 of the study consisted of an observation period during
which the participants joined and began to use the group; this
phase took place over 6 months (October 2020 to March 2021).
Content published within the group (ie, posts, comments, likes,
and loves) was collected and organized in Microsoft Excel to
examine how members and moderators used the group.
Additional factors observed to potentially influence ongoing
activity levels within the group (eg, time and date of posts) were
also noted throughout the research period.

Analysis Strategy: Group Posts and Interactions

A qualitative descriptive design was used to investigate the use
of the group by members and the factors related to the success
or failure of the Facebook-based P2P support group.
Specifically, deductive qualitative content analyses were used
to analyze the posts published to the group. Content analysis is
a qualitative and systematic approach to coding and categorizing
text [33] that aims to describe a phenomenon [34]. Posts were
categorized according to one of 6 labels based on their content:
informational, emotional, inquiry, advertising, fundraising, and
other [23,35]. Posts categorized as informational were those
containing information of relevance (eg, shared articles or details
on a program). These differed from inquiry-based posts, which
were centered on a question. Emotional posts described
experiences, stories, or narratives. Advertising posts comprised
the promotion or sale of a product or service, and posts labeled
as other were those that did not fit the previous categories. The
total numerical count of these posts was recorded along with
the total number of associated interactions (eg, likes and
comments).

Observed numerical data related to the factors of membership
activity (eg, number of interactions) were analyzed using
Microsoft Excel. Specifically, descriptive statistics and
comparisons related to the frequency of post types (eg,
informational, emotional, and inquiry), interactions (eg, likes,
loves, and comments), time and date of publication, and source
(ie, moderator or group member) were conducted to explore
possible associations.

Phase 3: Web-Based Survey and Interviews
In phase 3 of the study, a web-based survey was distributed to
members within the group, and interviews were conducted. The
following section describes the process for data collection and
analysis for the survey followed by the process for the
interviews.
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Web-Based Survey: Data Collection and Analysis

The web-based survey was developed using Qualtrics XM
(Qualtrics International Inc) and consisted of 16 closed-ended
questions and 3 open-ended questions related to the participants’
use of the group and perception of its success or failure. A group
administrator posted the survey, available in both English and
French, as a link in the Facebook group. The survey questions
were developed in consultation with the PFAC and were specific
to this research.

Survey results from the closed-ended questions were collated
in Qualtrics XM and exported to Microsoft Excel for analysis.

Semistructured Interviews: Data Collection and Analysis

The semistructured interviews consisted of 15 open-ended
questions based on the participants’ use of the P2P support
group, experience as caregivers of a child or youth with CCN,
and barriers to and facilitators of using the group to exchange
or receive support. Participants were recruited from the closed
Facebook group through posts made by moderators. The
interviews were conducted in both English and French and were
approximately 20 to 25 minutes in length. The interviews took
place using Zoom (Zoom Video Communications)
videoconferencing software because of its ease of qualitative
data collection, data management features, and security options
[36]. All the interview participants received an Amazon gift
card as remuneration.

The interviews were audio-recorded using Zoom and then
transcribed verbatim into Microsoft Word by the lead author
(KJK). The interview transcripts and open-ended survey
questions were analyzed using thematic analysis [37].
Specifically, the lead author read through the transcripts and
assigned initial codes to the content. Codes and associated
quotes were collected in Microsoft Excel to produce a summary
table [38] and grouped into broader themes using an iterative
process to ensure that the original context of the quotes was
preserved. Thematic analysis differs from content analysis,
which was used to analyze posts from the Facebook group, as
thematic analysis aims to provide a comprehensive summary
of a phenomenon in the everyday language of those events by
remaining close to the surface of the words used by the
participants themselves rather than attempting to interpret
meaning [39]. Previous investigations of web-based P2P support
groups that have used content analyses often focus on received
support rather than perceived support [40], and the addition of
interview data provides an opportunity to better understand and
contextualize findings from content analyses [41].

Ethics Approval
This research was approved by the University of New Brunswick
Research Ethics Board (040-2019). A protocol for this research,
including the development of the Facebook group, has been
published previously [42].

Results

Overview
A total of 108 caregivers of children and youth with CCN joined
the Facebook group during the study period. Between October

5, 2020, and March 26, 2021, there were 93 posts with 405
comments, 255 likes (ie, thumbs-up emoji), and 81 loves (ie,
heart emoji) from the participants and moderators on the
Facebook P2P support group. Of these 93 posts, 37 (40%) were
made by group members (ie, caregivers of children and youth
with CCN), and 56 (60%) were made by moderators. The date
of post publication indicated an increase in the total number of
posts each month throughout the data collection period (Figure
1). A breakdown of interactions on posts revealed that most
comments, likes, and loves came from group members (537/741,
72.5%) rather than moderators (204/741, 27.5%); specifically,
group members made 78.5% (318/405) of the comments, 61.2%
(156/255) of the likes, and 78% (63/81) of the loves on posts.

In total, 14 interviews (13/14, 93% in English and 1/14, 7% in
French) were completed with members of the Facebook support
group. Just over half of the interview participants (8/14, 57%)
reported caring for children aged <5 years.

Of the 108 members of the Facebook group, a subsample of 39
(36.1%) completed the web-based survey (all in English). Most
of the survey participants were women (29/39, 74%), and the
remaining 26% (10/39) preferred not to answer. The survey
participants were primarily between the ages of 25 and 34 years
(16/39, 41%) and 35 and 44 years (9/39, 23%). Only 10% (4/39)
of the participants were aged between 45 and 54 years, and 3%
(1/39) were aged >55 years. The remaining participants (9/39,
23%) preferred not to respond. The participants represented a
wide geographical range across the province of NB, with nearly
one-third (11/39, 28%) reporting the province’s capital
(Fredericton) as their place of residence.

More than half of the survey participants (22/39, 56%) reported
belonging to the group as members for >3 months. In total, 13%
(5/39) of the participants reported a length in membership
between 2 and 3 months, and 18% (7/39) reported a length in
membership between 1 and 2 months. A total of 13% (5/39) of
the participants reported belonging to the group for <1 month.

Most participants reported seeing content from the Facebook
group appear on their main timeline a few times per month
(12/39, 31%), once a week (8/39, 21%), or once a month (7/39,
18%). Only 5% (2/39) of the participants reported that they had
never seen content from the group appear on their main timeline.
Most survey participants (29/39, 74%) reported logging in to
Facebook daily.

Of the 39 survey respondents, 23 (59%) indicated that they had
never published a post within the group; however, when asked
about their approximate number of interactions on posts within
the group, most participants indicated that they had had 1 to 2
interactions (15/39, 38%) or 3 to 5 interactions (8/39, 21%) with
posts. Only 13% (5/39) of the participants indicated that they
had never interacted with a post within the group (Table 1).
When asked about their perceived comfort with posting in the
group, 64% (25/39) of the participants indicated that they felt
“comfortable” posting or commenting in the group; those who
reported that they did not feel comfortable indicated that their
hesitation was due to the research focus of the group (2/39, 5%)
and concern that information would become available to
personal connections (1/39, 3%).
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Nearly two-thirds of the survey respondents (23/39, 59%)
reported belonging to at least one other Facebook-based P2P
support group related to their role as caregivers of a child or
youth with CCN. Most of these participants (14/23, 61%)

reported belonging to 3 or more other Facebook support groups.
Many survey participants (18/39, 46%) reported using Facebook
support groups when they had questions or support needs related
to the care of their child.

Figure 1. Number of posts published during the data collection period by month and member type.

Table 1. Reported number of interactions on group posts by survey participants (N=39).

Participants, n (%)Interaction frequency

5 (13)Never

20 (51)1 to 2 times

10 (26)3 to 5 times

2 (6)6 to 9 times

2 (6)≥10 times

Content Analysis of Posts
Posts published to the Facebook group’s wall represented 5 of
the 6 categories of post types (informational, emotional, inquiry,
fundraising, and other); no advertising posts were observed
during the data collection period. Combining posts made by
both moderators and administrators and group members, inquiry
posts were the most commonly observed (38/93, 41%), followed
by other posts (28/93, 30%) and informational posts (23/93,
25%). In group members alone, inquiry posts were the most
common (17/37, 46%), followed by informational posts (15/37,
41%) and emotional posts (4/37, 11%). Fundraising (1/37, 3%)
posts were the least commonly observed type of post (Figure
2).

Posts in the other category were published exclusively by
moderators and administrators (28/56, 50%). This category
consisted of posts welcoming new members (14/28, 50%),
invitations for members to introduce themselves or share photos

(8/28, 29%), and research-gathering posts (6/28, 21%). The
remaining post consisted of an update made to the group
description during the data collection period.

Emotional posts received the greatest number of interactions,
including comments, likes, and loves (median 24.5, range
18-35), followed by other (median 9.0, range 2-20), inquiry
(median 7.2, range 0-29), and informational (median 5.1, range
0-33) posts. Fundraising and advertising received no
interactions.

The type of interactions elicited by each type of post varied,
with emotional posts (4/37, 11%) receiving the greatest number
of comments (median 10), followed by inquiry posts (median
5.5) and other posts (median 4.0). Emotional posts (4/37, 11%)
also received the greatest number of likes (n=5) and loves
(n=10), followed by other posts (likes: median 4.1; loves:
median 1.0) and informational posts (likes: median 2.7; loves:
median 0.4).
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The time at which posts were made to the group and the number
of corresponding interactions indicated a positive but weak
correlation between the 2 variables (r97=0.20, not significant).

No correlation was observed between the number of views that
a post received and the corresponding interactions (r97=0.02,
not significant).

Figure 2. Number of posts according to categorization.

Thematic Analysis of Interviews

Overview
The use of the Facebook-based P2P support group and factors
that affect its perceived success or failure were further explored
through a thematic analysis of interviews with group members
(ie, caregivers of children and youth with CCN). Five themes
emerged from these interviews: (1) resource for information,
(2) altruistic contribution, (3) varying level of engagement, (4)
perceived barriers to and facilitators of group activity, and (5)
moderators as contributing members. Each of these themes is
described in further detail in the following sections.

Theme 1: Resource for Information
The interview participants reported using the group as a resource
for informational support. The participants described other
caregivers within the group as a knowledgeable source of
information that could assist them in the care of their child or
children by providing information gained through lived
experience:

And the fact that there is a Facebook group...cause
at my age, that’s what they use for information, right?
To know that it is from a source that is
knowledgeable, and they’ve done their homework and
those things, or that they’ll point you in the right
direction helps.

Some participants described joining the group in anticipation
of support that they would need as their child or children

transitioned to new stages, thus using it as a resource for future
informational support needs:

I find, for myself, I read comments a lot or I read the
post, and then I get a lot of information out of what
people are commenting back. I find that is extremely
helpful because even if I don’t, if it’s not directly
related to me yet, it might be something I encounter
later on. So it’s helpful to have, like, “oh, I can go
back to this and read it.”

Many participants identified the geography-specific aspect of
the group as an important resource for navigational support.
Most interview participants indicated that they were members
of other Facebook-based support groups that were not specific
to NB that aided in their role as caregivers of a child or youth
with CCN. These participants described using the NB group to
complement support received from their other Facebook support
groups; specifically, the NB support group was used for local
informational and navigational support needs, whereas many
described using condition-specific groups for support related
to their child or children's medical care:

The other [condition-specific] groups, I tend to go
more for, like, medical things. So for instance, like
on my [condition] group, I'll post like, you know,
“what medications are you guys being given for
seizures and sleep, because we're struggling right
now.” And then I can get the support from that. So
the other groups, I tend to use more of like a medical
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piece. But this one here, I see more as like a resource
piece, looking for resources and things like that.

Some participants discussed the impact of the COVID-19
pandemic on their role as caregivers of a child or youth with
CCN and specifically how it affected their use of Facebook
support groups. The participants noted an increase in their use
of Facebook for informational support because of additional
pressures faced by having a child or youth who was
immunocompromised. Moreover, the participants described
experiencing barriers related to the pandemic and using the
support group to fill the gaps left in their information resources:

I’m so new here and because of the pandemic, it
hasn’t really allowed me to go out and explore and
find these things for [my daughter]. And all these
questions that I’ve asked, everyone’s been very helpful
and very kind, and yeah. 

Theme 2: Altruistic Contribution
Many participants described using the group to share the
knowledge that they had gained through lived experience as
caregivers of a child or youth with CCN. The participants
described a desire to help other individuals going through similar
situations by sharing the knowledge that they had obtained:

So like, now I don’t feel like I’m an expert at all, but
I have so many, like, things in my backpack, like that
I can reach out to and go to. I wish that I could give
that backpack to me eight years ago. Like, other
people that I know now that are starting to go through
it. And that’s why it’s really awesome that this
Facebook group happened, because it’s a way for
other people to share with me what’s in their
backpack and for me to share with those people.

Theme 3: Varying Level of Engagement
The interview participants described a range of engagement
with the Facebook group. Although many participants described
themselves as lurkers and stalkers within the group, many still
felt that they benefited from participation:

I’m a Facebook stalker, I’m a group stalker, so I just
wait for other people to [laughs] post stuff and people
have posted exactly what’s on my mind all of the time
so I don’t even have to post, which is really nice. Just
being on the group.

The participants who reported making contributions to the group
through posts and related interactions described using the group
infrequently or inconsistently:

I’m not on Facebook a ton. Um, um, so I “like” things
and sometimes I’ll share things that I think are
relevant to the group. Um, and I have made a post,
a post or two and commented on a post.

The participants who reported feeling comfortable posting in
the group when they had a question or concern attributed it to
the geography-specific nature of the group and observing other
members model interactions with content:

I think just personally I still have a hard time putting
myself out there. Like, to ask a question. But when I

see someone else, like I feel comfortable commenting
on someone else, or like, liking and things like that.

Theme 4: Perceived Barriers to and Facilitators of Group
Activity
Several factors were described by the participants as affecting
their use of the group and perception of overall group activity.
These perceived barriers to and facilitators of group activity
were divided into 4 subthemes: target conditions or diagnoses,
research emphasis, privacy of content, and group duration (time
since implementation).

Targeted Conditions or Diagnoses

Some participants described a lack or low incidence of activity
within the Facebook group compared with other Facebook
support groups of which they were members. These participants
felt that part of the reason for this lack of activity may be the
diversity in conditions experienced by caregivers and their
children within the group:

Her condition is so rare. I only know of one other
family here whose son has [it], like I said so I don’t
expect, yeah, I don’t expect to learn too much more
about her condition and a lot of the times, her
condition isn’t black and white either.

Despite the diversity in conditions, the participants felt that the
similarities between the journeys of individual caregivers, owing
to the geography-specific nature of the group, may promote the
long-term success of the group:

Having [a group based] in New Brunswick has been
very helpful, just to know that we can connect to
people who are close by. And even just knowing
someone is, even if they’re in Moncton, or they’re
anywhere else, like just knowing they’re in New
Brunswick is helpful, and they’re kind of on a similar
journey.

Research Emphasis

Some participants identified the research focus of the group as
a potential reason for a lack of activity, although these
individuals did not feel uncomfortable posting or interacting
with posts themselves. The participants who identified the
research focus as a potential barrier described it as a unique
factor to the group, as an avenue to advocate for gaps in support
availability:

I mean I don’t have a problem with it, some people
maybe are worried to share things because there’s
administrators or moderators in there, you know what
I mean? I wouldn’t, but maybe some people wouldn’t
complain about services in New Brunswick if they’re
worried it would get back to the service provider, I
don’t know. I personally don’t think that it makes a
difference, knowledge is power, and I think that if
people hear what we go through or what our struggles
are or what’s lacking or where it’s lacking, that it’s
going to help our kids in the long run.
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Privacy of Content

The private nature of the group and restricting content to
members were considered facilitators of activity within the
group:

I think that it being, like, a private, like New
Brunswick group, um, makes it feel more comfortable.

However, a lack of clarity in exactly what content is visible to
nonmembers was identified as a barrier to participation by a
participant:

Overall, uh, we haven’t really used it a lot. That’s
more because, uh, there’s not the comfort level there,
knowing who’s in it and who’s in charge of it, and
who can be looking in.

Group Duration: Time Since Implementation

There was a sense that the community within the Facebook
group was growing. Many participants described referring
prospective members to the group as a means to continue
building the web-based community. The participants reported
feeling that a larger community would lead to increases in group
activity, such as more posts and interactions:

Even in like there’s a mom chat group for New
Brunswick that’s quite, like, people are constantly
posting in it. I think once this group grows like that
it will have the same effect, I think, that people will
look to that first and they’ll get the support from there.

Theme 5: Moderators as Contributing Members
Many participants described the influence of the group
administrators and moderators. Most participants felt that the
moderators were the primary contributors to the group. When
asked about the contributions of the moderators, the participants
reported seeing weekly discussion posts intended to maintain
activity within the group and interactions with members’ posts.
These participants viewed the moderators as active members
of the group who interacted with and facilitated discussions:

I think they do a great job because I think see them
comment on almost every comment. And, uh, I see
that they, they put posts on there, you know trying to
facilitate discussion or whatever, which I think is nice
too.

Discussion

Principal Findings
This study aimed to investigate how caregivers of children and
youth with CCN used a Facebook-based P2P support group and
explore factors related to its ongoing activity levels. The group
attracted a total of 108 caregivers of children and youth with
CCN over a period of 6 months upon implementation. Although
members only made 40% (37/93) of the posts in the group
during the observation period, members in the group were
observed to engage with posts a total of 537 times, including
318 comments. These findings are consistent with previous
research illustrating that activity within Facebook groups tends
to consist of 10 times more interaction with posts (eg, likes and
comments) than posts themselves [41].

The survey respondents were mostly women (29/39, 74%);
although 26% (10/39) of the participants did not disclose their
gender, none reported being men. This is consistent with
previous research suggesting that White, female, and
college-educated users are more likely to use social media for
health-related support than men [43].

Nearly two-thirds of the survey and interview participants
(23/39, 59%) reported belonging to multiple P2P support groups
related to their role as caregivers of a child or youth with CCN.
Many of these participants described using each of those groups
for a specific purpose. For example, groups centered on a
specific condition or set of symptoms often involved members
from all over the world. These groups were considered helpful
for informational support related to medical concerns and
specific emotional support because of the often rare nature of
a condition.

The Facebook group, developed for the purpose of this research,
was viewed as an important source of informational support,
specifically navigational support for local programs, services,
resources, and activities. Most of the survey participants in this
study (29/39, 74%) reported using Facebook daily. Previous
studies posit that the more intensely an individual uses social
media, the more perceived support they receive [44]. The
participants in this study reported using the group for these
informational support purposes and gaining insight from
individuals whom they considered knowledgeable experts. It
appeared that the interview participants valued the knowledge
available from their peers, which they specifically attributed to
the experiential knowledge of their peers [45]. The information
obtained from peers within the group included their experience
with various services, resources, programs, and activities as
well as their opinions and suggestions, which were highly trusted
by the participants; this trust in knowledge obtained from peers
in similar situations has been previously observed [46].

Content analyses of the posts published to the group showed
that inquiry-based posts (ie, those centered on a question) were
the most common among group members, followed by
informational and emotional posts. Most of the posts published
to the group originated from group moderators (56/93, 60%) as
a means to promote activity within the group and prevent it
from becoming stagnant. However, over the course of the
research period, the total number of posts published to the group
was observed to increase each month. Despite the short time
frame between the implementation and evaluation of the
Facebook group, many interview participants also felt that the
group was growing in membership and activity levels. Initial
recruitment efforts to the group resulted in a corresponding
surge in membership, yet membership continued to grow despite
the conclusion of the recruitment period. This can be explained
by an increase in word-of-mouth referrals made by participants
who had joined the group and then shared it with other relevant
groups on the Facebook platform.

Emotional posts received the most comments, likes, and loves
from group members, specifically receiving the most comments.
These posts also received the greatest number of likes and loves,
suggesting that group members respond the most to posts based
on an emotional support need. As expected, inquiry posts
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received the next highest number of comments as these posts
are generally centered on a question requiring insight from other
members and usually develop into a discussion in the comment
section.

The use of the Facebook group by caregivers for social support
can be explained by the strength of weak ties theory [47]. This
theory suggests that social support is exchanged within a social
network through strong ties (eg, family and close friends) and
weak ties (eg, acquaintances) but that weak ties may be
particularly important for eliciting benefits. Where web-based
communities with strong ties often result in information
saturation, those with weak ties tend to be more heterogeneous
and can result in greater access to diverse and stronger
information support [48]. Moreover, weak ties can encourage
individuals to disclose more personal or sensitive information
because of the perception of less judgment [49,50]. Finally,
weak ties can be perceived as helpful to individuals seeking
informational support to deal with a health issue [51].

The administrators and moderators may have indirectly
influenced how caregivers of children and youth with CCN used
the group. Previous content analyses of P2P support groups
have shown that members seek more emotional support from
informal support groups, whereas they tend to seek more
informational support from formal support groups led by
professionals [52]. One of the explanations for this is that
messages posted by trained health care workers are distinctly
different from those posted by group members; specifically,
messages from trained peer counselors tend to be more
structured and detailed than those from peer members [53].
Given the research emphasis and professional experience of
one of the moderators, caregivers in this investigation may have
viewed the group as a formal support group. However, in a
previous investigation of parents of children with special needs,
Ammari et al [22] found that parents used geography-specific
P2P support groups primarily for informational support needs
over emotional support needs because of the collective
knowledge of locally available services, resources, and programs
among members. Therefore, although it is possible that the
moderators influenced the type of support that members sought
in this study, previous research supports the notion that
geography-specific groups result in the exchange of more
informational support.

Many participants expressed a desire to support other caregivers
of children and youth with CCN by sharing their own knowledge
and experiences. A participant described this lived experience
as a collection of knowledge, their “backpack,” which could be
shared with those who might be lacking information. Some of
these participants expressed feeling compelled to help others,
specifically regarding informational and navigational support.
Previous investigations suggest that this reciprocity and sharing
of knowledge and experiences can help foster friendships and
promote positive health behaviors in persons who engage in
health-related, web-based P2P support [54]. In this study,
sharing one’s experiences was considered an important catalyst
for social support.

The interview participants described varying levels of
engagement with the Facebook group. Although previous

literature suggests that superusers (ie, users that consistently
and actively engage with content on social media) are the
foundation of activity within P2P support groups [55,56], most
participants in this study described themselves as either
moderate contributors or lurkers. This was supported by the
survey findings, which revealed that most participants had never
published a post to the group but had interacted with at least
one to two posts within the group. Although many of the
interview participants did not actively interact with the content
in the group, many described using the group as a source of
informational support. Specifically, the participants were often
able to find answers to their questions through previous posts
or comments, sometimes even using the search bar in the group
to see if a topic had been discussed previously. These findings
are contrary to previous research suggesting that lurkers do not
gain as much from participation in groups as superusers [57]
but support the notion that lurkers can benefit from passive
interaction with support groups [58].

In this study, the success of the Facebook support group was
determined by regular use of the group through user-level
activity (eg, posts and associated interactions). An overview of
the factors related to group activity as identified by the
participants is shown in Table 2. Specifically, factors identified
by the participants that contributed to their use of the group
included the closed privacy designation of the group (ie, content
was restricted to members) and the focus on NB caregivers. The
geographic specificity of the group appeared to counteract the
diversity found between the conditions experienced by
caregivers within the group, which was identified as a potential
barrier to activity and interactions. Most participants in the
survey and interviews reported feeling comfortable posting
within the group if they felt the need; those who reported feeling
uncomfortable cited concerns related to the research focus.
Importantly, only 5% (2/39) of the participants in the study
described this as a concern.

The private designation of the Facebook group was an important
consideration for attempting to protect the confidentiality of
caregivers. Maintaining confidentiality was particularly
important in this Facebook group, which consisted of members
from a small geographic community. Concerns related to privacy
have been identified by patients and caregivers who participate
in web-based support [16,17]; however, the benefits associated
with sharing such information are considered greater than the
potential risks [15]. Privacy concerns related to the use of P2P
support forums on social media do not appear to be consistent
across all users and may depend on contextual factors [59].

The participants in this study perceived the group to be
successful as a place for gathering caregivers of children and
youth with CCN and providing a space for the exchange of
support. Developing a group that can maintain active interactions
among members over a period requires creating a space that is
trusted by its members [41,60]. Variables identified in the
literature to facilitate trust in Facebook groups include smaller
and more homogeneous membership, long group tenure,
identity-based groups, and age and gender homogeneity [41].
International diversity, for example, has been negatively
associated with trust in Facebook groups [60]. Smaller group
sizes with exclusive membership are known facilitators of trust
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among web-based communities that increase opportunities for
new connections within the group [41]. Specifically, groups
with >150 members are considered less trustworthy than smaller

groups. Apart from the short group tenure, each of these factors
was observed in this study of 108 caregivers, suggesting the
potential for longevity.

Table 2. Identified factors that affected activity within the Facebook group.

FacilitatorsBarriers

Participants indicated common struggles and difficulties
regardless of condition or diagnosis though all being

caregivers of children or youth with CCNa.

Group members identified as caregivers of children or youth
with a diverse range of conditions or diagnoses, which limit-
ed the ability of some members to find disease-specific
support.

Targeted conditions or diag-
noses

The presence of researchers in the group was perceived
by some members as a unique factor that could be used
for advocacy.

The emphasis on research was perceived as a possible deter-
rent to joining by some members.

Research emphasis

Use of content within the group for research prevented
some members from posting or interacting with posts.

The “closed” group (ie, group content and membership list
was not visible to nonmembers).

Privacy of content

Group activity may be associated with group maturity.Some members attributed the lack of group activity to the
short period since the group’s launch.

Group duration: time since
implementation

aCCN: complex care needs.

The findings indicate that moderators were viewed by group
members to be active contributors to the group, which then
encouraged members to use the group; this supports earlier
findings about the importance of moderators for network
engagement [61]. Although moderators were perceived as the
primary contributors to the group, this interaction by moderators
appeared to facilitate group activity. Support groups are
moderated by professionals (eg, care providers) [62,63] or peers
(eg, other patients or users) [64,65]. This Facebook group was
moderated by a patient navigator (care professional) and a
member of the NaviCare/SoinsNavi PFAC who has experience
being a caregiver of a youth with CCN. A limitation of
moderators identified in the literature rests in their ability to
answer certain questions from members [66]. Although
moderators aimed to respond to posts by group members to
ensure posts were never ignored, other group members often
provided their unique insight into questions raised. Therefore,
although the Facebook group was not solely a P2P support
group, as the moderators did not represent the target population,
responses from both the moderators and other caregivers
integrated to form a unique perspective on issues raised by group
members.

The use of Facebook groups to connect patients and caregivers
is not without important ethical concerns. Salient among these
are concerns regarding the potential to spread misinformation
[17] and members’ ability to appraise information [63]. This
issue may be less evident in groups that primarily exchange
emotional support as these groups appear to exchange fewer
posts related to medical information (ie, related to diagnoses,
treatments, and medications) [67]. Moreover, research analyzing
content in casual information-seeking environments such as
web-based P2P groups has shown that the content self-corrects
over time as individuals visiting the group validate or correct
the posted information [68]. Moderators have been observed to
reduce the spread of misinformation [68,69] by enforcing group
rules and ensuring that posts remain on topic [70].

Limitations
The limitations of this research include a time constraint between
the implementation and evaluation of the Facebook group and
small interview and survey sample sizes. The short recruitment
and evaluation periods, for example, may have been a reason
for our low overall sample size. This research may have
oversampled caregivers who were more engaged in the needs
of their children as the survey and interview participants came
from a sample of the population who chose to become members
of the Facebook group. Moreover, there was overlap between
the participants who completed the web-based survey and
interviews; specifically, 86% (12/14) of the interview
participants also completed the web-based survey. However,
the survey and interview questions were different; specifically,
the interviews aimed to provide greater context for questions
within the survey. The findings from this survey may have also
been affected by the modest survey response rate (39/108,
36.1%). Finally, the questions used in the survey and interviews
were developed for the purpose of this research and were not
validated through a systematic process.

Demographic information was not obtained about members of
the Facebook group because of privacy restrictions imposed by
the Facebook platform. However, as the focus of the study was
on the use of the support group by caregivers of children and
youth with CCN, this information was not central to the goals
of the study. The survey data suggested that the participants
were primarily women (29/39, 74%); therefore, the male
perspective is missing from this study. Although we attempted
to cast a wide net across the province to recruit participants to
the group, it is possible that we may have missed segments of
the population, which may affect the generalizability of our
findings. For example, the group may have remained unknown
or inaccessible to those in rural or remote geographical locations
or who are more comfortable speaking in languages other than
English and French. Another potential concern is that the
research focus of the Facebook group may have affected the
way that prospective members approached it and the way it was
used by group members. Specifically, concerns regarding
privacy may have prevented members from posting content.
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Moreover, one of the moderators was a patient navigator who
did not identify as a caregiver of a child or youth with CCN. It
is possible that the presence of a health professional within the
group affected the dynamics of the P2P interactions.

Data were not obtained at the user level regarding the number
of posts or interactions made by each group member. This was
partly owing to the short time span (6 months) of the study
period, during which the group experienced a surge in
membership. Although prospective members were required to
undergo a screening to ensure that the population was restricted
to caregivers of children and youth with CCN in NB, this
information was self-reported by users and could not be verified
by group administrators. As a result, it was not possible to
confirm that every member of the group was a caregiver of a
child or youth with CCN and lived in the province of NB.

Although the group was developed before the COVID-19
pandemic, the Facebook-based P2P support group was
implemented and examined during periods of stay-at-home
orders and provincial restrictions. Caregivers of children and
youth with CCN were particularly affected by social distancing
measures, which led to increased caregiver stress and loneliness
[71]. Moreover, disruptions in communication with health care
providers and the risk of COVID-19 exposure led to increased
stress among caregivers [72]. The unique circumstances
presented by the pandemic may affect the generalizability of
the findings of this study. For example, it is unclear whether
caregivers would have used the group to the same extent outside
of the parameters of such extreme circumstances. Many of the
interview participants expressed concern about interacting with
individuals from outside of their household because of their
child or children's immunocompromised conditions; it is possible
that these participants may have leaned on support from groups
such as the one studied to fill in missing support. It is also
possible that the COVID-19 pandemic will change the future
use of P2P support groups for health-related communication on
social media. The Facebook group, developed for the purpose
of this research, continues to operate as a source of support for
caregivers of children and youth with CCN in NB. Moderation
of the group has been taken over by existing membership, and
the group continues to welcome new members.

Future Work
The Facebook group was identified as an important source of
information as well as social interactions by caregivers in this
study. Given the close proximity in geographical location
between the caregivers in the Facebook group intervention, it
is possible that some members of the Facebook group may
express a desire to meet face to face at the conclusion of the
COVID-19 social distancing measures. Although the caregivers
in this study served as a source of information for members of
the Facebook group, future research might examine the
differences between web-based and offline social support when
individuals initially connect on the web. For example, offline
social support may result in additional instrumental or tangible
support to complement the action-facilitating support exchanged
on the web [73]. Moreover, future work might examine how
web-based and offline social support networks may influence
one another.

Despite the initial uptake of the Facebook group by caregivers
of children and youth with CCN, few members reported
regularly posting and engaging with content in the group.
Previous work on the participation of web-based community
members has noted a 1-10-90 pattern wherein 1% of members
create 90% of the posts and 10% of members interact with those
posts [57]. Although there appeared to be greater participation
with content by caregivers in this study, the sample size was
small. More research is needed on the presence of lurkers in
web-based P2P support groups to better understand their
experiences and possible barriers to participation.

One of the eligibility requirements for joining the P2P support
group in this study was that members reside in NB, Canada.
Through our observation of the group, we concluded that this
factor may have created an environment for the exchange of
primarily informational support, which is consistent with
previous findings [22]. Freedom from geographic constraints
is a benefit of using web-based P2P support compared with
in-person support groups; however, the degree to which groups
are limited by geography appears to affect how a group may be
used for support. Future work is needed to determine how the
self-reported geographical location of participants affects
participation in web-based groups, particularly in comparison
with condition-specific groups free of geographic constraints.

Considerations of patient- and caregiver-level characteristics
and how they may influence the type of contributions made to
groups is also needed. For example, individuals facing a new
diagnosis versus those with more experience may use web-based
support groups differently [70]. This study found that some
caregivers intended to use the group as they faced transitions
(eg, school or respite care). Future research might consider
examining the experience of caregivers at various points in their
care journeys; moreover, these differences in contributions may
point to distinct needs between patient and caregiver
populations. Future work may also consider determining the
role that health professionals can play in Facebook-based groups
to promote access to information and resources or programs.
For example, health professionals might be engaged in
addressing concerns regarding the potential disclosure of
sensitive or dangerous information related to the care of
vulnerable children or youth or the caregivers themselves.

Finally, the degree to which Facebook groups can be customized
to the specific needs of a target population requires further
investigation. This study involved a Facebook group created
by a research team in response to an identified gap [32]; further
examination of how such groups potentially differ from those
created by caregivers or patients themselves is needed. This
future work might consider engaging children or youth in a
patient-oriented approach to determine how web-based support
groups might further address their care needs.

Conclusions
Patients and caregivers are increasingly engaging in web-based
P2P communication to seek and provide support. Investigations
into the use of these web-based groups have demonstrated the
importance of these communities in meeting the support needs
of diverse populations, such as caregivers of children and youth
with CCN. P2P support through social media presents a low-cost
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and accessible avenue for caregivers of children and youth with
CCN to obtain needed and timely support. Determining the
potential role that health professionals can play in these

communities may improve information sharing and the
well-being of families of children and youth with CCN.
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Abstract

Background: Active rehabilitation involving subsymptom threshold exercise combined with education and support promotes
recovery in youth with concussion but is typically delivered in person, which may limit accessibility for families because of a
lack of services in their communities or logistical challenges to attending in-person sessions.

Objective: This paper describes the evidence-based and theory-informed development of the Tele-Active Rehabilitation
(Tele-AR) intervention for pediatric concussion, which was specifically designed for remote service delivery.

Methods: The intervention was designed by clinician-researchers with experience in pediatric concussion rehabilitation following
the Medical Research Council guidance for developing complex interventions. Development involved a critical review of the
literature to identify existing evidence, the expansion of the theoretical basis for active rehabilitation, and the modeling of the
intervention process and outcomes.

Results: Tele-AR is a 6-week home exercise and education and support program facilitated through weekly videoconferencing
appointments with a clinician. Exercise consists of low- to moderate-intensity subsymptom threshold aerobic activity and
coordination drills that are individualized to participant needs and interests (prescribed for 3 days per week). Education includes
the evidence-supported Concussion & You self-management program, which covers topics related to energy management, nutrition,
hydration, sleep hygiene, and return to activity. Elements of self-determination theory are incorporated to support motivation and
engagement. We present a logic model describing predicted intervention effects using a biopsychosocial conceptualization of
outcomes after concussion.

Conclusions: The Tele-AR intervention may help to increase access to care that improves recovery and promotes a timely return
to activity in youth with concussion. Future research is needed to evaluate the feasibility and efficacy of this approach.

(JMIR Pediatr Parent 2022;5(2):e34822)   doi:10.2196/34822

KEYWORDS

concussion; pediatrics; active rehabilitation; telehealth; exercise; mobile phone

Introduction

Overview
Concussion is a common injury among children and adolescents
that may result in physical, cognitive, emotional, or sleep-related
symptoms [1-3]. Although many youth with concussion achieve

symptom resolution within 2 to 4 weeks after injury,
approximately 30% continue to experience persistent symptoms
beyond 4 weeks [3]. Youth experiencing persistent concussion
symptoms report lower quality of life [4] and higher incidence
of mental health disturbances [5] than noninjured peers.
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Occupational Performance and Participation in Youth
With Concussion
Occupational performance, which refers to the ability to choose,
organize, and satisfactorily perform meaningful occupations
[6], is often impaired in youth with concussion [7]. Qualitative
studies highlight that concussion symptoms limit performance
in meaningful activities such as school, physical activity or
sport, and social activities [8,9]. Youth with concussion report
diverse occupational performance issues in the domains of
self-care, productivity, and leisure that can be improved after
rehabilitation, underscoring the utility of occupational
performance as a measure of functional recovery [7]. Youth
may also experience limitations in participation, defined as
involvement in a life situation [10]. Although activities and
participation generally improve within the first few months after
concussion, a substantial portion (30%-60%) of youth continue
to report lower participation than their peers at 6 months after
injury [10]. Continued limitations in activities and participation
may lead to physical deconditioning or threats to psychological
well-being, including anxiety, depression, and social isolation
[11,12].

Currently, recovery from concussion among children and
adolescents is being reconceptualized to emphasize resumption
of everyday activities and general well-being, rather than solely
the resolution of postconcussion symptoms [13]. Evaluating
occupational performance can help to identify limitations and
inform active rehabilitation strategies to support youth in gradual
resumption of meaningful activities, thus decreasing the impact
of the injury and reducing risk for persistent sequelae [14,15].

Active Rehabilitation for Youth With Concussion
Growing evidence supports an active approach to concussion
rehabilitation involving guided physical activity. Several studies
demonstrate the efficacy of subsymptom threshold aerobic
exercise for reducing postconcussion symptoms [16-24]. Some
active rehabilitation programs for youth have also included
other components such as sport-specific coordination drills
[25-31], balance training [32], visualization and relaxation
[25-31], and education and support [25-31]. Results from these
studies show that active rehabilitation reduces postconcussion
symptoms and improves recovery [25-32].

The rationale for an active approach to concussion rehabilitation
has been rooted in the benefits of physical exercise to promote
biological recovery (ie, improve cerebrovascular autoregulation
and increase neuroplasticity) and psychological well-being (ie,
increase self-efficacy and improve mood) [28,33-35]. To date,
outcome measurement has predominantly focused on changes
in postconcussion symptoms [36]. However, evidence indicates
that although concussion symptoms initially arise because of
physiological changes, including metabolic and cerebral
autoregulatory dysfunction, the strength of the relationship
between the neurobiology of the injury and ongoing symptom
experience diminishes over time, with noninjury factors playing
an important role in the persistence of symptoms [37]. Recovery
from concussion is therefore best understood through a
biopsychosocial model in which psychological and social
factors, including activity restriction, emotional reaction, and
coping styles, interact with biological factors to maintain

symptoms and functional limitation after concussion [13,38-40].
Accordingly, an active rehabilitation approach should aim to
restore performance in daily activities in addition to reducing
postconcussion symptoms.

The theoretical model of active rehabilitation described by
Gagnon et al [28] endorses a biopsychosocial perspective by
emphasizing the physiological, psychological, and social
benefits of controlled exercise in combination with education
and motivation. However, although the biopsychosocial model
helps to identify targets for intervention, it does not address
how to support motivation, which is an important determinant
of outcomes in pediatric rehabilitation [41] and is often reduced
after brain injury [42]. Motivation is particularly important
during active rehabilitation because the intervention typically
involves a home program that youth complete independently.
Extending the theoretical rationale for active rehabilitation could
help to guide how to promote motivation and further address
the impact of such interventions on performance of daily
activities and general well-being.

Barriers to Accessing Active Rehabilitation
To date, active rehabilitation has typically been conducted
through in-person sessions at a specialty clinic or research
facility [27,28,30,31]. However, access to specialty health care
is often limited for youth in Canada because of a lack of
specialty services in their geographic region, as well as financial
and logistical barriers to parental accompaniment [43,44].
Telerehabilitation has emerged as an effective method of service
delivery that may address challenges in access. In a systematic
review, clinical outcomes from telerehabilitation were found to
be similar to, or better than, those from traditional in-person
interventions for a variety of conditions [45]. Measures of
clinical process, including attendance, compliance, and
satisfaction, were also generally high [45]. Among youth,
reviews highlight telerehabilitation as an appropriate method
of service delivery [46,47] that may be especially effective when
targeting behavioral function using a coaching approach and
exercise program [46]. The role of telemedicine in concussion
care is currently expanding [48,49] but has yet to be explored
in the delivery of an active rehabilitation intervention.

This paper describes the evidence-based development of, and
theoretical rationale for, the Tele-Active Rehabilitation
(Tele-AR) intervention for youth with concussion, which was
specifically designed to promote return to activity in a remote
service delivery format. A detailed overview of the intervention
is also provided.

Methods

Ethical Approval
This study was approved by the University of Toronto Health
Sciences Research Ethics Board (REB reference number
00039179). Participants provided informed written consent to
participate in the study.

Intervention Development Process
The Tele-AR intervention was designed by a team of
clinician-researchers (kinesiologists and occupational therapists)
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with experience in pediatric concussion rehabilitation, based
on clinical experience and a critical review of published
literature. The Medical Research Council (MRC) framework
for developing and evaluating complex interventions [50,51]
guided the development process.

According to the MRC framework, intervention development
is an iterative process involving integration of current evidence
and appropriate theory, followed by a phased testing approach
involving a series of pilot studies before a definitive evaluation
[50]. The development stage involves the following three key
processes: (1) identifying the existing evidence base, (2)
identifying or developing appropriate theory, and (3) modeling
process and outcomes.

Key Tasks
We drew on guidance from Campbell et al [52] and Faes et al
[53] regarding key tasks for each of the MRC development

processes. According to Campbell et al [52], existing evidence
should be used to develop an understanding of the problem and
target context to identify opportunities for intervention. Key
tasks include defining and quantifying the target population
most likely to benefit, defining the health outcome and
appropriate measures, understanding pathways that cause and
sustain the problem, identifying similar interventions, and
predicting barriers or design challenges [53]. Integrating
appropriate theory involves specifying theory-based
determinants of change and describing how the intervention
will affect them [53]. Finally, the development of a conceptual
or logic model is recommended to define intervention
components and clarify anticipated mechanisms linking
components to desired targets for change [52]. Textbox 1 shows
the application of the MRC framework and key tasks to
development of the Tele-AR intervention.

Textbox 1. Application of key tasks from the Medical Research Council framework to the development of the Tele-Active Rehabilitation intervention.

Identifying existing evidence

• Define and quantify target population

• Review of concussion epidemiology among youth

• Project team consultation to determine target population

• Define health outcome and outcome measures

• Review of current consensus definition of recovery from concussion

• Identification of appropriate measurement tools

• Understand factors that cause and sustain the problem

• Review of factors that influence concussion recovery in youth

• Identification of existing biopsychosocial models of concussion

• Identify similar interventions

• Critical review of literature pertaining to active rehabilitation interventions for youth with concussion

• Review of best practice recommendations for telerehabilitation and telehealth self-management interventions

• Define target context

• Review of guidelines for telemedicine in concussion management

Identifying appropriate theory

• Review of existing theoretical rationales for active rehabilitation

• Review of health behavior change theories

• Integration of health behavior change theory in the intervention

Modeling process and outcomes

• Project team consultation to design intervention components

• Development of logic model to describe anticipated effects of intervention components
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Results

Developing the Intervention
Results from the development stage are described in the
following sections, organized according to the MRC headings
and key tasks identified in the Methods section.

Identifying Existing Evidence

Define and Quantify Target Population
The Tele-AR intervention targets adolescents (aged 13-17 years)
who continue to experience symptoms at least 2 weeks after
concussion. All mechanisms of injury are considered, including
sport, falls, and motor vehicle accidents.

In recent decades, health care usage for pediatric concussion
has increased substantially in Canada [1] and the United States
[54]. In Ontario, this increase has been most pronounced among
adolescents [1], for whom the average annual incidence of
physician-diagnosed concussion was approximately 1500 per
100,000 from 2008 to 2016 [55]. Adolescents are also known
to be at high risk for prolonged recovery [56]. According to a
Canadian multicenter prospective study, a substantial subset of
adolescents, approximately 30%, continue to experience
symptoms beyond 1 month after concussion [3], which may
lead to mood disturbances [5], reduced quality of life [4], and
impaired activity performance [7]. Results from the same
multicenter study also indicate that symptom improvement
occurs primarily within the first 2 weeks of injury and levels
off 2 to 4 weeks after injury [57]. Exercise-based active
rehabilitation programs initiated in the subacute phase of
recovery (1-2 weeks after injury) are feasible and may reduce
the risk of persistent symptoms [19,20,24,26]. The Tele-AR
intervention therefore targets adolescents continuing to
experience symptoms beyond 2 weeks after concussion who
are at risk for developing secondary consequences related to
mood, activity performance, and quality of life.

Define Health Outcome and Outcome Measures
Primary health outcomes for the Tele-AR intervention include
postconcussion symptoms and perceived occupational
performance, a measure of performance in daily activities.

The most recent (2016) international consensus statement on
sports-related concussion defines recovery as the resolution of
concussion symptoms and return to normal activities, including
school, work, and sport [2]. Self-reported concussion symptoms
remain the most common measure of recovery from concussion
[58] and are measured in adolescents using an age-appropriate
symptom scale such as the Postconcussion Symptom Inventory
[59]. However, there is growing recognition that symptom
reports do not always accurately reflect recovery [13].
Concussion-like symptoms (eg, fatigue, headache, and dizziness)
are common in individuals without a history of concussion, and
symptom reporting is influenced by a variety of noninjury
factors such as personality, comorbid mood disorders, and
familial factors [12]. Activity limitations are common among
adolescents with concussion [7-9]; therefore, a measure of
performance in daily activities (ie, occupational performance)
is beneficial for evaluating recovery. The Canadian Occupational

Performance Measure has been identified as a useful tool for
measuring functional recovery among youth participating in
active rehabilitation [7]. Concurrent measurement of symptoms
and occupational performance can provide a more complete
assessment of recovery than symptom reduction alone.

Factors That Cause and Sustain the Problem
Current evidence indicates that persistent symptoms and activity
limitations after concussion are best understood through a
biopsychosocial perspective [38,39,60]. A key tenet of the
biopsychosocial model is that the interaction among biological,
psychological, and social factors determines health outcomes
and that these factors must therefore not be addressed in
isolation [61].

Biological or physiological factors after concussion include
autonomic nervous system and cerebral autoregulatory
dysfunction [35], impaired balance and coordination [62], visual
and vestibular dysfunction [63], sleep disturbances, and fatigue
[64]. Exercise intolerance, which reflects autonomic and
cerebrovascular dysfunction, is a prognosticator of recovery
[65], as are visual and vestibular dysfunction [63].

There is growing recognition that psychological mechanisms
related to cognitive, behavioral, and emotional reactions to
concussion influence outcomes [39]. Negative illness
perceptions, including beliefs about injury timelines,
consequences, and level of control, are associated with poor
outcomes [60,66]. Various cognitive biases may precipitate
negative illness perceptions, including causal misattribution (ie,
misattribution of common benign symptoms to concussion),
catastrophizing (ie, misinterpretation of symptoms as
dangerous), good-old-days bias (ie, tendency to overestimate
preinjury health or function), and the nocebo effect (ie,
concussion outcomes shaped by the expectations of illness or
dysfunction after the injury) [39]. Negative illness perceptions
often lead to maladaptive coping behaviors such as fear
avoidance (ie, fear of provoking symptoms leads to avoidance
of activities), endurance (ie, pushing through symptoms), or
all-or-nothing behavior (ie, alternating between periods of
extremely low and extremely high levels of activity) [60,67].
Emotional responses such as stress, anxiety, and depression can
result from, or reinforce, negative perceptions and behaviors
and have been shown to influence outcomes [68]. In youth,
self-efficacy is also reduced after concussion [69], and lower
levels of self-efficacy predict greater symptom burden [70].
Cognitive, behavioral, and emotional factors interact to form
vicious cycles that maintain the experience of symptoms and
functional limitation.

The social influences of concussion are poorly understood.
Adolescents with concussion report limitations in school
function and social activities [7-9]. Qualitative studies show
that concussion has adverse effects on the interpersonal
relationships of youth and that the influence of relationships on
recovery can be positive or negative [8,71]. In the study by Kita
et al [72], female adolescents with concussion identified their
friends, parents, clinicians, and peers with personal histories of
concussion as key providers of social support that mitigates
various challenges in their recovery. Among collegiate athletes,
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greater satisfaction with social support has been associated with
lower postconcussion anxiety [73].

Access to appropriate clinical care may influence how these
biological, psychological, and social factors are experienced by
the individual and, in turn, their effects on recovery. A
systematic review found several studies showing that earlier
initiation of clinical care after concussion leads to quicker
recovery [74]. Timely access to care allows for early initiation
of supervised subsymptom threshold aerobic exercise [33,34].
Conversely, those without guidance may continue to rest until
achieving spontaneous symptom resolution, which increases
their risk for physical deconditioning and mood disturbances
[11,12] or for engaging in levels of activity that may be harmful
for recovery. Early education and reassurance from a health
care provider can reduce unfavorable psychological responses
to injury [75], whereas poor access to care may itself contribute
to negative injury perceptions. Communication with a health
care provider can also build the capacity of youth to seek social
support by providing information about appropriate school
accommodations, helping youth to communicate the nature of
their injury and encouraging youth to engage those around them
to support their recovery [72].

There are currently significant challenges to accessing timely
appropriate care for concussion in Canada [49]. Studies have
identified knowledge gaps regarding concussion management
among primary care providers [76,77]. Access to specialized
concussion care is also limited in Canada, especially among
individuals in remote communities who may experience
significant geographic or socioeconomic barriers and youth who
are reliant on caregiver accompaniment. Studies from the United
States reveal barriers to accessing pediatric concussion care
among families in rural communities, including higher health
care expenses [78] and indirect costs related to transportation
and lost productivity [79]. Delayed access to care is problematic
because it increases the risk of premature return to activity and
potential reinjury or development of persistent symptoms and
functional limitation.

Identifying Similar Interventions
A critical review of the literature describing active rehabilitation
approaches to concussion was performed in the fall of 2019.
Key articles were located through search in Google Scholar and
PubMed using keywords that included active rehabilitation,
exercise, physical activity, concussion, mild traumatic brain
injury, youth, and adolescents. Additional pertinent literature
was identified through forward and backward searching of
reference lists as well as literature previously known to the
authors. Intervention characteristics among the studies included
in the review are detailed in Multimedia Appendix 1
[7,16-21,24-30,32,80] and briefly summarized in the following
paragraphs.

Findings from the review indicated that active rehabilitation
interventions typically last 6 weeks and involve a variety of
components, including aerobic exercise
[7,16,19,20,24-30,32,80-84], sport coordination drills
[25-30,32,80,82,83], balance training [32], visualization or
relaxation [25-30,80-83], and education and support
[25-30,80-83]. The 6-week timeline was established by Gagnon

et al [29], who found that a mean intervention duration of 4.4
(SD 2.6) weeks was required to achieve symptom resolution.
All the studies identified implemented individual interventions.
Active rehabilitation has typically been evaluated through
changes in postconcussion symptoms [16-18,24-30,32,82,84].
Improved mood [29,30,80], quality of life [17,30], and
occupational performance [7] have also been reported.

Although key components are not fully understood, a study of
multimodal active rehabilitation found that youth identified the
education, aerobic exercise, and sport coordination drills as
most helpful [81]. A combination of education regarding energy
management and engagement in supervised physical activity is
therefore essential to the approach [81]. Future iterations of
active rehabilitation should consider a focus on self-management
through education and supervised physical activity involving
aerobic and coordination exercise.

Published active rehabilitation interventions typically involve
a home exercise program performed several (3-7) days per week
and weekly appointments with a clinician. Appointments have
occasionally been conducted by telephone [17,31,32], which
was reportedly appreciated by participants because the telephone
appointments reduced travel requirements [17]. The identified
studies required participants to attend in-person appointments
for pre- and postintervention assessments, indicating an
opportunity to explore interventions designed to be delivered
entirely remotely and requiring no in-person appointments.

Systematic reviews of telerehabilitation [45-47] and remote
self-management programs [85,86] were consulted to identify
best practice recommendations regarding the remote service
delivery model for the Tele-AR intervention. Consistent
communication with a health care provider was identified as
key to promoting retention and positive outcomes among
remotely delivered self-management interventions [85]. Ongoing
individualized education, lifestyle intervention, adherence
support, and clinical review with feedback were also identified
as important components [86].

The aforementioned literature provided the foundations for the
design of the Tele-AR intervention. On the basis of this
literature, it was determined that the intervention should be a
6-week program comprising aerobic exercise, coordination
drills, and comprehensive individually tailored education and
support to train self-management skills. Telehealth literature
indicated that weekly appointments should involve a review of
symptoms and activity performance with provider feedback,
continued education regarding symptom management strategies,
and support to promote motivation and adherence to the home
program [85,86].

Defining Target Context
Tele-AR could be an accessible intervention to reduce the
burden of pediatric concussion, especially among those
identified as high risk for prolonged recovery [3]. It
complements ongoing telemedicine initiatives to improve access
to pediatric concussion care in rural and remote Canadian
communities [48,49].

Recommendations for the use of telemedicine in concussion
management specify the need for initial in-person medical
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assessment to confirm the diagnosis of concussion as well as
regular medical follow-up [49,87]. Tele-AR is therefore
designed to serve as an adjunct intervention for youth who have
previously undergone in-person medical assessment and
continue to receive medical follow-up, including appropriate
referral for targeted treatments such as cervical or vestibular
therapy. Although there is evidence that earlier initiation of
supervised exercise (after 24-48 hours of initial rest) leads to
quicker recovery [88], many without access to care continue to
rest until symptom resolution, which may contribute to delayed
recovery [12]. Remote delivery of active rehabilitation could
increase access to care that enables earlier resumption of
supervised physical activity and contributes to quicker recovery.

Identifying and Applying Theory

Supporting Motivation During Active Rehabilitation
We drew on self-determination theory (SDT) to expand the
theoretical foundation for active rehabilitation to address
motivation, a key determinant of engagement and outcomes in
rehabilitation [41,89]. Motivation is a key facilitator of
participation after childhood traumatic brain injury [90] but is
often reduced among individuals with a brain injury [42].
Existing theoretical underpinnings of active rehabilitation
recognize the importance of motivation [28] but do not address
how to promote motivation.

SDT has been identified as a useful framework for
conceptualizing motivation in pediatric rehabilitation [41]. SDT
is a theory of human motivation that describes the influence of
social and cultural factors on an individual’s sense of volition
(self-determination), performance, and well-being [91].
According to SDT, three psychological needs foster intrinsic
motivation: competence (feeling mastery and success),
autonomy (feeling of being able to choose one’s own actions),
and relatedness (feeling positive relationships with others) [91].
Systematic reviews demonstrate that health interventions
designed using SDT can increase satisfaction of psychological
needs, leading to improvements in physical and mental health
outcomes [91,92]. Previous articles have highlighted the utility
of SDT to identify factors that influence motivation during brain
injury rehabilitation [42]. In adults, mild traumatic brain injury
reduces fulfillment of psychological needs, suggesting that
rehabilitation should address these variables [93].

The Tele-AR intervention is designed to support the 3
psychological needs outlined in SDT to promote motivation
and engagement in the program and regular daily activities.
Each element is briefly described in the following sections.
Table 1 provides examples of how the psychological needs are
addressed in the Tele-AR intervention, using the SDT taxonomy
from Teixeira et al [94].
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Table 1. Self-determination theory (SDT) strategies in the Tele-Active Rehabilitation (Tele-AR) intervention.

Application to Tele-AR interventionSDT strategy

Autonomy support

MBCTa 1: Elicit perspectives on condition
or behavior

• Elicit perspectives of youth regarding their concussion and associated challenges
• Tailoring of education and support to address individual perspectives

MBCT 3: Use noncontrolling, informational
language

• Provide education using a nonjudgmental approach that emphasizes freedom of choice

MBCT 5: Providing meaningful rationale • Provide rationale for active rehabilitation approach, including the role of exercise to support
recovery, energy management techniques, and gradual return to activity

MBCT 6: Provide choice • Engage youth in coconstruction of the active rehabilitation program based on their individual
needs and interests

• Empower youth to take responsibility for their own recovery through self-management skills
and coping strategies

Relatedness support

MBCT 8: Acknowledge and respect perspec-
tives and feelings

• Acknowledge perspectives of youth regarding the active rehabilitation approach and intervention
components

MBCT 9: Encourage asking questions • Encourage questions from participants during weekly appointments

MBCT 10: Show unconditional regard • Express empathy and provide positive support regardless of exercise completion

MBCT 11: Demonstrate interest in the per-
son

• Demonstrate interest in activity interests and experience of youth
• Integrate participants’ needs and interests in home program

MBCT 12: Use empathic listening • Demonstrate active listening by maintaining eye contact and head nods
• Provide meaningful summaries of comments by youth and check understanding

MBCT 13: Provide opportunities for ongo-
ing support

• Provide telephone and email contact information for ongoing communication outside of regular
appointments

MBCT 14: Prompt identification and seek
available social support

• Encourage social support seeking from parents, teachers, coaches, and friends
• Teach metaphors to communicate the experience of having a concussion, such as comparing

energy levels to a cellphone battery
• Inclusion of friends in exercise program when possible

Competence support

MBCT 15: Address obstacles to change • Prompt identification of potential barriers and solutions

MBCT 17: Assist in setting optimal chal-
lenge

• Review return to sport and return to school protocols
• Discuss appropriate academic accommodations for return to school
• Support in setting goals for gradual increase in exercise and activity engagement

MBCT 18: Offer constructive, clear, and
relevant feedback

• Provide positive feedback and encouragement for successes with school, exercise, and other
activities

• Discuss strategies used by other youth facing similar challenges

MBCT 19: Help develop a clear and con-
crete plan of action

• Prompt participants to develop personal concussion toolbox recovery plan describing which
strategies they intend to use

• Provide clear instructions for home exercise program

MBCT 20: Promote self-monitoring • Instruct to monitor perceived exertion and symptoms during exercise
• Prompt monitoring of activity duration to facilitate gradual progression
• Highlight progress toward exercise goals and activity resumption
• Draw attention to positive physiological and affective states after exercise

MBCT 21: Explore ways of dealing with
pressure

• Discuss relaxation and coping strategies such as diaphragmatic breathing, progressive muscle
relaxation, and visualization

aMBCT: motivation and behavior change technique (according to the self-determination theory taxonomy developed by Teixeira et al [94]).
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Competence
The Tele-AR intervention aims to promote a sense of
competence by helping adolescents set optimal challenges and
increase self-efficacy. This involves gradually increasing
experiences of success through participation in school, exercise,
and other meaningful activities. An action plan is developed
with each participant to identify how they will implement
strategies to support recovery (eg, energy management and
relaxation). Second, participants are taught to self-monitor
exertion during activities to prevent significant symptom
exacerbation. They are encouraged to monitor the time during
which they engage in activities such as schoolwork and screen
use to facilitate gradual progression. Third, the clinician provides
feedback and encouragement during appointments using a
strengths-based approach, whereby participants are prompted
to discuss what has gone well and which strategies they used
to support success. An opportunity is provided for participants
to identify barriers they are encountering and explore potential
solutions with the clinician. Finally, strategies are discussed for
dealing with stressful situations that could undermine
competence, such as relaxation techniques (eg, deep breathing,
muscle relaxation, and visualization) and seeking help.

Autonomy
Autonomy is supported by providing meaningful rationales for
active rehabilitation, integrating participant perspectives in
program development, and providing choice. The rationale for
the active rehabilitation approach is explained to participants
at the beginning of the intervention. Education is provided using
nonjudgmental language integrating participant perspectives
and emphasizing freedom of choice (ie, which strategies to use
and how to use them). Participants are engaged in coconstructing
the home program based on their needs and interests, including
choice about specific exercises. The Tele-AR intervention is
designed to empower youth to take responsibility for their
recovery through self-management and coping skills. In a
previous study, parents reported that active rehabilitation helped

their children become more accountable for their recovery by
teaching them to self-monitor their condition [81]. Remote
service delivery may further enhance the accountability of youth
by eliminating the need for parental accompaniment to
appointments.

Relatedness
Relatedness (ie, feeling positive relationships with others) is
fostered by the clinician through active listening, expressing
empathy, and encouraging perspectives and questions from the
participant. Studies from a variety of rehabilitation disciplines,
including physiotherapy [95], occupational therapy [96], and
psychology [97], demonstrate that therapeutic alliance can be
developed effectively through videoconferencing. Weekly
appointments foster a strong therapeutic relationship, which has
been shown to influence adherence to home exercise programs
[98]. In addition, the clinician encourages social support seeking
from parents, teachers, coaches, and friends using strategies
identified by Kita et al [72]. For example, because of the
invisible nature of concussion, some adolescents report being
called “fakers” by peers [9]. Participants may therefore be taught
metaphors to help communicate their invisible injury, such as
comparing energy levels to a cellphone battery [72]. Participants
are also encouraged to involve friends in the exercise program
where possible, such as having a friend join their walk or
including a teammate in sport-specific coordination drills.

Modeling Process and Outcomes
Modeling aims to define intervention components, explain how
they relate to each other, and describe the mechanism through
which they influence desired intervention outcomes [51]. Figure
1 presents a logic model for the Tele-AR intervention. It
describes the predicted effects of intervention components (ie,
aerobic exercise, coordination drills, and education and support)
based on the review by Gagnon et al [28] and published
biopsychosocial models of concussion [38,39]. Descriptions of
anticipated outcomes from each intervention component are
provided in the following paragraphs.

Figure 1. Logic model for the Tele-Active Rehabilitation intervention.

Several reviews demonstrate the efficacy of aerobic exercise
for reducing postconcussion symptoms [22,23]. Progressive

subsymptom threshold aerobic exercise improves autonomic
function and cerebral blood flow regulation, which are impaired
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after concussion [33-35]. Aerobic activity also facilitates
neurological recovery by promoting neuroplasticity [99].
Cardiovascular fitness improves with aerobic training, which
can reduce fatigue and improve energy levels [100]. The
psychological benefits of aerobic activity include stress
reduction, elevated mood, and increased self-efficacy [101].
Supervised exercise may also reduce avoidance and endurance
behaviors, both associated with poor outcomes [67]. Graded
and supervised subsymptom threshold aerobic exercise builds
mastery experiences that challenge catastrophic assumptions
about symptoms and activity, which may improve illness
perception and reduce activity avoidance [17]. Teaching those
who display endurance behavior to monitor exertion during
exercise also supports pacing strategies that facilitate activity
performance [15]. For individuals who are experiencing
restrictions after concussion, exercise can provide a sense of
engagement in meaningful activity and create opportunity for
social connection [38,81].

According to Gagnon et al [28], the purpose of coordination
exercises is to continue light exercise and reintroduce familiar
activities in a successful context to improve mood and increase
self-efficacy. Allowing choice in coordination exercises enables
youth to participate in familiar meaningful activities. A previous
study found that youth enjoy the coordination drills because
they allow for gradual reintroduction of meaningful activities
and help improve overall fitness [81]. These exercises may also
target deficits in balance, coordination, and visual function that
may occur after concussion [2]. Finally, sport-specific
coordination training provides an opportunity for social
connection because participants may complete the drills with a
friend or teammate.

Education and support are essential components of concussion
management consistently recommended among evidence-based
guidelines [102]. Education about the nature of concussion and
recovery timelines addresses important psychological variables
that predict recovery, such as illness perception [66]. Energy
management and sleep hygiene strategies may reduce fatigue
and improve energy levels [81]. A cohort of youth who
participated in active rehabilitation identified energy
management as a key component, which parents believed
improved their child’s self-management [81]. Providing support
and training in coping strategies may also reduce anxiety and
emotional distress, which are common after concussion and
predict poor outcomes [66]. Helping youth to identify
appropriate accommodations and return-to-learn strategies can
improve school participation and has been identified by families
as a priority service need [103]. Families may also require

assistance modifying other activities to support a gradual return,
such as playing an instrument or spending time with friends [7].
Ultimately, education and support may increase self-efficacy
for activity performance after concussion, which has been
associated with lower symptom severity in children and
adolescents [70].

As described in the Identifying and Applying Theory section,
the Tele-AR intervention is designed to foster satisfaction
regarding competence, autonomy, and relatedness to strengthen
motivation and self-determination. Fulfillment of these needs
is believed to support participation in the program. It is also
hypothesized that increased self-determination through active
rehabilitation will directly contribute to symptom reduction and
improved occupational performance.

Tele-AR Intervention

Intervention Overview
The Tele-AR intervention is a 6-week home program facilitated
through weekly videoconferencing appointments with a
rehabilitation clinician (kinesiologist, occupational therapist,
or physical therapist). It consists of (1) aerobic exercise, (2)
sport coordination drills, and (3) comprehensive concussion
education and support. The following sections provide a detailed
description of the intervention.

Intervention Timeline
Figure 2 presents an overview of the timeline for the Tele-AR
intervention. It begins with assessment and program introduction
spread over 2 appointments, each lasting for 1 hour. The first
appointment is dedicated to completing the informed consent
procedures for the research study and preintervention
assessments (see the Assessment section). The second
appointment consists of a participative concussion education
session and collaborative coconstruction of the home program,
integrating the participant’s individual needs and interests within
the three components (aerobics, coordination drills, and
education and support).

During weeks 1 to 6, participants are asked to perform the home
exercise program 3 days per week and meet with the research
clinician once per week. The purpose of weekly appointments
is to provide continued education and support, modify the
exercise program as appropriate, and strengthen motivation for
engaging in the home program and other daily activities. The
week 3 appointment includes symptom reassessment to evaluate
interim changes. Significant deterioration at this point could
indicate a need for in-person reassessment or referral to other
providers [87]. Postintervention assessment occurs in week 6.
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Figure 2. Overview of the Tele-Active Rehabilitation intervention. COPM: Canadian Occupational Performance Measure; PCSI: Postconcussion
Symptom Inventory.

Assessment
Preintervention assessment is conducted through a clinical
interview with youth and their parents during the first
appointment and is used to inform home program prescription.
Assessment is repeated in week 6 to evaluate postintervention
changes.

Assessment is intentionally targeted to ensure clinical
application. It includes clinical history of injury details and
factors known to affect recovery (eg, concussion history,
medical and mental health history, and social history [3,58]),
self-reported symptom rating (Postconcussion Symptom
Inventory [59]), and self-perceived occupational performance,
a measure of performance in daily activities (Canadian
Occupational Performance Measure [104]). These measures
reflect current understanding of concussion recovery and call
for patient-reported outcome measures in concussion
rehabilitation that focus on function and well-being [13,105].

Intervention Components

Overview

The Tele-AR intervention comprises the following components:
(1) aerobic exercise, (2) sport coordination drills, and (3)

comprehensive concussion education and support. Components
are individually tailored to the specific needs of each participant.
The exercise program is prescribed for 3 days per week to
promote compliance by minimizing disruption to daily activities
and to allow for comparison between days with and without
exercise. Imhoff et al [32] showed that 3 sessions per week is
sufficient to facilitate symptom reduction and was associated
with high treatment adherence. A description of each component
is provided in the following sections.

Aerobic Exercise

After initial assessment, each participant is prescribed aerobic
exercise beginning with 10 minutes of low-intensity activity at
level 4 (Just feeling a strain) on the Pictorial Children’s Effort
Rating Table (PCERT) [106]. Aerobic exercise may be
completed on an exercise machine (treadmill, stationary bike,
or elliptical trainer), indoor track, or outdoor space, depending
on resources available. Participants are instructed to terminate
exercise and rest upon symptom exacerbation (see Safety
section); the time to symptom exacerbation becomes the new
target duration. Exercise duration and intensity are progressed
during weekly appointments if symptoms are well tolerated,
following the standardized protocol presented in Table 2.
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The initial aerobic prescription (10 minutes, PCERT level 4) is
based on the time to symptom exacerbation reported by Gagnon
et al [28] and Dobney et al [26] among youth initiating active
rehabilitation. This prescription is consistent with other study
protocols [31,107], as well as recommendations from literature
reviews and clinical guidelines for exercise after concussion

[108,109]. Previous studies demonstrate the utility of perceived
exertion as a method for prescribing exercise to youth with
concussion [32,110]. The PCERT is a validated tool for
assessing effort perception in youth [106] and has been used
previously to facilitate the home program in active rehabilitation
[26,29-31].

Table 2. Aerobic exercise progressiona protocol.

Intensity (PCERTb level)Duration (minutes)Week

4101

4152

5153

5204

6205

6306

aProgression was only recommended if significant symptom exacerbation did not occur in the previous week.
bPCERT: Pictorial Children’s Effort Rating Table.

Coordination Drills

Coordination drills are individualized based on participant
interests and preintervention assessments. They may target
balance, coordination, sport-specific skills, or general health
exercises. For example, a basketball player may be given
shooting drills first performed stationary and progressed to
include dynamic movement. Coordination exercises are
performed for up to 10 minutes at the same intensity as the
aerobic component and are also terminated at the onset of any
new or worsening symptoms. Participants are provided with
written instructions outlining the details of their home exercise
program.

Education and Support

Individualized education and support regarding symptom
management and return to activity are provided to participants
throughout the intervention. The education curriculum is based
on the evidence-supported Concussion & You self-management
program [111], which covers topics that include energy
management, relaxation, nutrition, hydration, sleep hygiene,
and return to school and sport. Education material is delivered
through a participative session and reviewed weekly with
specific application to challenges experienced by participants
in their daily life. Participants are also provided with the
Concussion & You education handbook [112] to consolidate
information.

Technology
Appointments in the Tele-AR intervention are conducted
through real-time videoconferencing using a secure platform
that meets health privacy standards and allows for collaboration
features such as screen sharing. The clinician uses a standard
laptop or desktop computer, and participants may engage in the
videoconferencing appointments using a computer, tablet, or
smartphone.

Videoconferencing is believed to facilitate therapeutic rapport
and is the most common method of communication in

telerehabilitation for children [46]. Mental health support for
youth is acceptable and effective when delivered through
videoconferencing [113], and a study in adolescents with
concussion found similar ratings of therapeutic alliance and
satisfaction between face-to-face and video telehealth visits
[114]. Although some individuals with concussion experience
screen sensitivity, current evidence does not indicate that strict
avoidance of screens improves recovery [115], supporting
instead an individualized approach to screen use within tolerable
limits. Other screen-based interventions for concussion have
been tolerated well, with no screen sensitivity issues reported
[116,117]. Subsequent feasibility testing of this intervention
will assess participant perceptions and experiences engaging in
video-based appointments.

Safety
Special attention must be paid to ensure safety in telehealth
interventions. Safety considerations for the Tele-AR intervention
are summarized in Textbox 2.

Education regarding activity-related symptom exacerbation and
the appropriate response is provided during program
prescription. Evidence suggests that activity-related symptom
exacerbations are transient and not detrimental to recovery
[118]. Exercise-related symptom exacerbation generally resolves
within 1 hour of rest [17,25,26]. Participants are instructed to
terminate exercise upon significant symptom exacerbation,
which is operationalized according to the definition from Leddy
et al [119] as an increase of ≥3 points on a 10-point visual analog
scale (VAS) [119]. Participants are familiarized with the
Wong-Baker FACES pain rating VAS for symptoms [119]. The
VAS is used by participants to rate their current overall symptom
experience before exercise and monitor for any increase during
the activity. Participants are instructed to contact the research
team if any of the following occurs: (1) exercise-induced
symptom exacerbation that does not subside within 24 hours of
rest, (2) exercise-induced symptom exacerbation experienced
during consecutive exercise sessions, and (3) the participant has
concerns about exercise. In these scenarios, the research team
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provides appropriate support, discusses potential exercise
program modification, and considers referral to the primary care
provider or other providers. The stopping rule described by

Dobney et al [26] is used, whereby the exercise program is
suspended if symptom exacerbation occurs during 3 consecutive
sessions despite exercise modification.

Textbox 2. Safety considerations for the Tele-Active Rehabilitation intervention.

Symptom exacerbation considerations

• Education regarding activity-related symptom exacerbation and appropriate response

• Participants instructed to terminate exercise and rest upon significant symptom exacerbation (an increase of ≥3 points on a 10-point visual analog
scale)

• Suspension of exercise program pending medical clearance if symptom exacerbation occurs during 3 consecutive sessions despite exercise
modification

• Participants instructed to contact the research team in the event of exercise-induced symptom exacerbation that does not subside within 24 hours
of rest or exercise-induced symptom exacerbation during consecutive exercise sessions

Exercise safety considerations

• Preparticipation screening of contraindications to exercise

• Ensuring an open space for exercise free from tripping hazards

• Advising on use of support for balance (if needed)

• Considering parental supervision during exercise sessions

General telehealth considerations

• Confirming participant location, emergency contact information, and alternative methods of communication before appointment commencement

• Development of safety protocol in case of acute medical or mental health emergency

Discussion

Contributions
In this paper, we describe the development and theoretical
foundation of the Tele-AR intervention for youth with
concussion, specifically designed for remote service delivery.
Development was guided by the MRC framework for complex
interventions, involving the integration of existing evidence
with appropriate theory [50]. Although growing evidence
supports an active approach to concussion rehabilitation
involving closely monitored progressive exercise combined
with education and support, families often face several barriers
that limit engagement in such care. The Tele-AR intervention
was created to address these barriers. Intervention development
is an iterative process, and results from an ongoing mixed
methods feasibility study will inform further improvements.

The Tele-AR intervention builds on previous work advocating
for a holistic approach to concussion care that emphasizes
function and general well-being [13]. It is among the first
interventions designed to improve activity and participation
among youth with concussion [120]. Components are designed
to concurrently address biological, psychological, and social
aspects of concussion in a remote service delivery format. We
emphasize education and support as essential to the intervention
and expand the notion of active rehabilitation to facilitate
motivation and performance in activities that are meaningful to
the individual.

Further Study
The logic model presented here requires further study.
Evaluating changes in identified biopsychosocial constructs
may improve clinical delivery of active rehabilitation. Continued
efforts to reconceptualize recovery from concussion through a
biopsychosocial lens with an emphasis on function and
participation may also identify new targets for change in
rehabilitation and inform a stronger theoretical framework [13].
The qualitative exploration of youth and parent perspectives
regarding perceived needs from the Tele-AR intervention is
addressed in the feasibility study, and it will help refine
intervention components and delivery.

The development process involved extensive review of the
literature to integrate current evidence. However, the literature
review methodology was not systematic and thus may be subject
to selection bias or missed publications. In addition, most of
the literature was reviewed before the COVID-19 pandemic
when telehealth use and scholarship rapidly increased. Given
the breadth of active rehabilitation approaches described in the
literature and rapid growth of research in this field, future work
using a more intentional review methodology and original
investigation is warranted to determine optimal intervention
approaches. All studies identified in the review implemented
individual interventions. Group interventions may foster a
greater sense of relatedness and social support and should be
explored in this population.

Conclusions
Tele-AR complements ongoing telemedicine initiatives to
improve access to concussion care [49] and may represent an
accessible proactive intervention for those identified as high
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risk for prolonged recovery. The literature reviewed here may
also be helpful to clinicians and families of youth with
concussion to inform remote care during the COVID-19
pandemic. Research to evaluate the feasibility of this

intervention is underway, and if warranted, more rigorous study
should be undertaken to determine intervention effects and
contribute to identifying best practices for telehealth concussion
services that support youth in a timely return to activity.
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Abbreviations
MRC: Medical Research Council
PCERT: Pictorial Children’s Effort Rating Table
SDT: self-determination theory
Tele-AR: Tele-Active Rehabilitation
VAS: visual analog scale
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Abstract

Background: Existing modes of collecting self-reported 24-hour movement information from children, including digital
assessments, have not been demonstrated to be of acceptable validity when compared to objective measurements. My E-Diary
for Activities and Lifestyle (MEDAL) is an interactive web-based diary developed to collect time-use information from children
aged 10 years and older.

Objective: This study evaluated the validity of MEDAL for assessing children’s movement behaviors by comparing self-reported
and accelerometer-measured time spent in movement behavior among children in Singapore aged 10-11 years.

Methods: Funding for this study was obtained in October 2017, and data were collected between April and August 2020.
Participants recorded their daily activities using MEDAL over 2 specified weekdays and 2 weekend days and wore an Actigraph
accelerometer on their nondominant wrist throughout the study to objectively assess movement behaviors. Spearman correlation
coefficient and intraclass correlation coefficient (ICC) were used to compare the accelerometer measurements and self-reports
for each movement behavior. Bland-Altman plots were generated to investigate trends of bias in the self-reports.

Results: Among the participants aged 10-11 years (29/49, 59% boys), we observed that children reported lower light physical
activity (LPA) and higher moderate-to-vigorous physical activity (MVPA), inactivity, and night sleep than that measured by the
accelerometer. There was a moderate-to-strong correlation between self-reported and accelerometer-measured MVPA (r=0.37;
95% CI 0.20-0.54), inactivity (r=0.36; 95% CI 0.18-0.54), and night sleep (r=0.58; 95% CI 0.43-0.74); the correlation for LPA
was poor (r=0.19; 95% CI 0.02-0.36). Agreement was poor for all behaviors (MVPA: ICC=0.24, 95% CI 0.07-0.40; LPA:
ICC=0.19, 95% CI 0.01-0.36; inactivity: ICC=0.29, 95% CI 0.11-0.44; night sleep: ICC=0.45, 95% CI 0.29-0.58). There was
stronger correlation and agreement on weekdays for inactivity and night sleep; conversely, there was stronger correlation and
agreement for MVPA and LPA on weekend days. Finally, based on Bland-Altman plots, we observed that with increasing MVPA,
children tended to report higher MVPA than that measured by the accelerometer. There were no clear trends for the other behaviors.
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Conclusions: MEDAL may be used to assess the movement behaviors of children. Based on self-reports, the children are able
to estimate their time spent in MVPA, inactivity, and night sleep although actual time spent in these behaviors may differ from
accelerometer-derived estimates; self-reported LPA warrant cautious interpretation. Observable differences in reporting accuracy
exist between weekdays and weekend days.

(JMIR Pediatr Parent 2022;5(2):e33312)   doi:10.2196/33312

KEYWORDS

children; accelerometer; MEDAL; web-based app; self-report; validity; physical activity; movement behavior; pediatrics; sleep;
digital health; behavior

Introduction

Identifying trends in children’s time use to address problematic
lifestyles has been recognized as a global priority to minimize
the burden of noncommunicable diseases in adulthood [1]. As
compelling evidence regarding the quality of children and
adolescents’ time use and its influence on health emerge, the
World Health Organization [2] as well as several countries,
including Singapore [3], have developed integrated movement
guidelines to reinforce the importance of leading balanced and
active lifestyles.

Understanding the lifestyle behaviors of children in relation to
the integrated guidelines developed can potentiate the
development of targeted behavioral interventions and programs
aimed at improving and promoting healthy lifestyles that
children can sustain and bring into adulthood. To do so,
“adequate, affordable, and convenient” data collection measures
to assess 24-hour movement behaviors are required [4].

Self-reported measures (eg, questionnaires, diaries) are
commonly used for the collection of information on and
assessment of movement behaviors [5,6]. They are inexpensive
and easy to administer, however, are subject to the reliance on
the respondent’s memory, resulting in recall bias and social
desirability bias [5,7]. Children have been found to struggle
with reporting durations and intensities of activities [8] and
often lack the motivation to complete questionnaires [9], limiting
the validity of these measures [4,10,11]. Furthermore, most
questionnaires are specialized and focus on single behaviors,
often requiring a combination of questionnaires to assess all
movement behaviors. Having multiple questionnaires may be
tedious for researchers to administer and increases participant
burden. There is thus a demand for assessments that can capture
the full spectrum of movement behaviors (ie, moderate-to
vigorous physical activity [MVPA], light physical activity
[LPA], sedentary behavior or inactivity, and sleep).

Objective methods, such as the use of accelerometers, offer a
reliable and valid means of objectively capturing 24-hour
movement behavior data [12,13]. However, they can be
expensive and logistically challenging to administer [14], in
that collecting, processing, and analyzing accelerometer data
can be complex and require expertise [15]. In addition,
accelerometers do not capture contextual information of these
movements (eg, type and location of the activities undertaken)
[11,14] and are unable to objectively assess screen-viewing, a
pertinent behavior with well-established negative associations
with the physical and psychosocial outcomes of children [16].

These limitations impede the understanding of children’s
behaviors and consequentially limit the development of targeted
behavioral interventions.

The limitations of existing methods that assess movement
behaviors warrant a need for a valid, low-burden, and
cost-efficient data collection method to collect 24-hour
movement information from children. Advancements in
technology may circumvent some of the challenges of existing
data collection methods, yet few digital assessments exist.
Multimedia activity recall for children and adolescents
(MARCA) [9], Synchronised Nutrition and Activity Program
(SNAP) [17], and MyDailyMoves [4] are digital assessments
developed to provide ease of collecting self-reported 24-hour
movement behavior information from children. However, not
all self-reported behaviors reported on these assessments have
been validated against objective measurements; therefore, the
utility of these assessments for collecting 24-hour movement
behavior information in comparison to objective measures
remains unclear. These applications were also developed for
Western populations (ie, Australia, the United Kingdom, and
the Netherlands, respectively), and the behavioral patterns of
children in Western versus Asian populations may differ (eg,
the prevalence of children attending tuition or shadow education)
[18], limiting the relevance of existing applications to the Asian
setting.

To bridge this gap, My E-Diary for Activities and Lifestyle
(MEDAL), an interactive web-based diary, was developed to
collect time-use information from children of at least 10 years
of age in Singapore [18]. Usability testing suggests that MEDAL
is a feasible application for capturing the movement behaviors
of children aged 10 to 12 years [18]. We aimed to validate the
use of MEDAL for assessing children’s movement behaviors
by comparing self-reported and accelerometer-measured time
spent in MVPA, LPA, inactivity, and sleep among children aged
10 to 11 years in Singapore. We hypothesized that children at
this age would be able to self- report their movement behaviors
on MEDAL accurately although some differences between
self-reported and objective measures would be expected.

Methods

Study Participants
Boys and girls aged 10 to 11 years (Primary 5 level) from 2
government schools in Singapore (referred to as schools A and
B in the present study) were recruited between April and August
2020.
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Of the 7 and 6 Primary 5 classes from schools A and B,
respectively, 2 classes from each school (35 to 41 students per
class) underwent convenience sampling to participate in this
study based on logistical feasibility (ie, ease of administration
of accelerometers). Students of the remaining classes were
involved in the validation of other self-reported variables (ie,
diet and outdoor time).

Funding for this study was obtained in October 2017, and data
were collected between April and August 2020.

Ethics Approval and Consent To Participate
The Singapore Ministry of Education approved of the collection
of data from schools A and B, and the National University of
Singapore Institutional Review Board (reference code
#S-18-088) approved of the study. Written informed consent
was obtained from parents or guardians, and all participants
provided verbal assent.

Data Collection and Processing

Assessment of Movement Behaviors
A demonstration session was conducted, where trained
researchers demonstrated the use of and navigations in MEDAL.
Participants were instructed to record the diet and activities that
they engaged in from midnight to midnight of the recording day
at home over 2 specified weekdays and 2 weekend days. A
special arrangement was made for 1 participant in this study
without access to the internet at home to complete his or her
recording on MEDAL using the school computer.

The details and features of MEDAL have been reported
elsewhere [18]. In brief, participants were instructed to enter
the time they slept the previous day, the time they woke up, and
all the activities in which they participated in chronological
order until the time they went to bed. Participants could select
from 6 broad activities: “Shower/Wash Up,” “Travelling,” “Eat
& Drink,” “Nap/Sleep,” “Sitting Activities,” or “Active
Activities” and were prompted to specify the mode of transport,
types of sitting and active activities engaged in, and what they
ate or drank. Participants were also allowed to select concurrent
activities that occurred while engaged in “Travelling,” “Eat &
Drink,” or “Sitting Activities.” When “Active Activities” was
selected, the participants were prompted to report their perceived
intensity of the activity based on the “Talk Test” [19]. Selecting
“Just a little tiring—You can sing and talk during the activity”
indicated that the activity was of light intensity, “Quite
tiring—You can talk but cannot sing during the activity”
indicated that the activity was of moderate intensity, and “Very
tiring—You cannot say more than a few words without pausing”
indicated that the activity was of vigorous intensity. All other
activity entries (ie, excluding “Active Activities”) were coded
as “night sleep,” “inactivity,” “light physical activity,” or
“moderate-to-vigorous physical activity” based on previously
established metabolic intensities [20] (Multimedia Appendix
1). All information collected was secure, in that only the
investigators had access to the password-protected data.

Each participant involved in the movement behavior validation
study was attached with a triaxial accelerometer (Actigraph
wGT3X-BT) using a nonremovable strap on their nondominant

wrist during the demonstration session. The accelerometers
were initialized to start recording raw acceleration data at a rate
of 80 Hz from midnight of the day after the demonstration
session. The participants were instructed to wear the
accelerometers at all times, even when sleeping, for 6 to 7 days,
which overlapped with the days that they were instructed to
record on MEDAL. They were only advised to remove the
accelerometers by cutting the nonremovable strap when they
engaged in any activity that might have involved physical
contact or when the wearing of devices was not allowed (eg,
sports competitions). They were required to record the date and
time the accelerometers were removed and were instructed to
reattach the accelerometer after the activity using a spare strap
provided. This allowed the objective measurement of their
movement behaviors throughout the study period to validate
their self-reported activities on MEDAL.

Data processing was conducted using an established protocol
[21]. Raw data were downloaded using the ActiLife software
(version 6.13.4) in GT3X format and processed in R version
4.0.2 (The R Project for Statistical Computing) with the GGIR
package (version 2.0-0). After the raw accelerometer signals
were auto-calibrated and converted into gravity-corrected vector
magnitude units (Euclidean Norm Minus One [ENMO]), a wear
time inclusion criterion of a minimum of 16 hours per day for
at least 3 days was applied [21]. Nonwear time was detected
using information on the SD and value range of each
accelerometer axis at 60-minute windows in 15-minute
increments. Accelerometer wear compliance was assessed for
valid accelerometer wear days that corresponded with the day
of MEDAL recording. Sleep duration was assessed using the
method developed by van Hees and colleagues [22]. The term
“sedentary behavior,” by definition refers to activities “≤1.5
METs [metabolic equivalents] while in a sitting, reclining or
lying posture” [23]. As wrist-worn accelerometers are unable
to determine the posture of participants, the term “inactivity”
was used as proxy for sedentary behaviors in this study. With
that, activities during waking hours were classified as inactivity
(ENMO <35.0 mg), LPA (ENMO 35.0-200 mg), or MVPA
(ENMO >200.0 mg) based on acceleration thresholds developed
for children aged 7 to 11 years by Hildebrand and colleagues
[24,25], which have been applied in previous studies [21,26,27].

Demographic Data Collection
During the first sign-in on MEDAL, participants were prompted
to report their age and sex information. Primary schools in
Singapore routinely measure the students’ height and weight to
monitor growth. The most recent height and weight
measurements taken by the school teachers were shared by the
participating schools. BMI was calculated using the formula:
weight (kg)/(height [m] × height [m]). The subsequent value
was then classified as underweight (<5th percentile), healthy
weight (5th to <90th percentile), and overweight (≥90th
percentile) based on the age- and sex-specific BMI reference
data for Singaporean children [28].

Statistical Analyses
MEDAL entries with implausible values reported were excluded
from the analysis. Additionally, each participant’s graphical
acceleration data were visually inspected, and days where sleep
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period appeared inaccurate (eg, implausibly short sleep duration,
early wake-up, or long interruptions during sleep period) were
excluded, as the estimation of time spent in all movement
behaviors would be affected. Descriptive statistics are presented
as frequencies, percentages, or medians with IQR. The
difference in distribution of characteristics between included
and excluded participants was assessed by Fisher exact test.
The correlation between accelerometer-measured and
self-reported daily time spent in movement behavior (ie, MVPA,
LPA, inactivity, and night sleep) were calculated using
Spearman correlation coefficient test. Spearman correlation
coefficients were interpreted as a poor (≤0.29), moderate
(0.30-0.39), strong (0.40-0.69), and very strong correlation
(≥0.70) [29]. Intraclass correlation coefficients (ICCs) were
calculated to quantify the agreement between
accelerometer-measured and self-reported daily time spent in
each movement behavior (ie, MVPA, LPA, inactivity, and night
sleep) using 2-way mixed-effects models. Based on previously
established cutoffs [30], the strength of agreement was
interpreted as poor (<0.50), moderate (0.50-0.74), good
(0.75-0.90), or excellent (>0.90). Bland-Altman plots, which
accounted for repeated measurements [31], were generated with

95% limits of agreement (LoA) to visualize agreement and
investigate trends of bias in the self-reports when compared to
accelerometer measurements. All statistical tests were performed
using Stata Special Edition version 14.2 (StataCorp). All
evaluations were made assuming a 2-sided test at a 5% level of
significance.

Results

Study Participants
There were 74 participants (48 participants and 26 participants
from schools A and B, respectively) who took part in the
movement behavior validation study, of whom 49 were included
in the analysis (66%). Figure 1 summarizes the participant flow
diagram of this study.

Participants were mostly males (29/49, 59%), of healthy weight
(33/49, 69%), and had access to the internet (43/49, 98%).
Compliance with accelerometer wear among included
participants was excellent: 47 out of 49 participants (96%) had
at least 90% valid accelerometer wear time per day (data not
shown). Table 1 summarizes the demographic and compliance
information of our sample.

Figure 1. MEDAL movement behaviors validation participant flow diagram. MEDAL: My E-Diary for Activities and Lifestyle (validation study).
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Table 1. Demographic characteristics and accelerometer wear time of Primary 5 students participating in the My E-Diary for Activities and Lifestyle
(MEDAL) movement behaviors validation study (N=49).

Participants (N=49)a

Age, n (%)

20 (41)10 years

28 (57)11 years

1 (2)12 years

Sex, n (%)

20 (41)Females

29 (59)Males

BMI for age, n (%)

10 (21)Underweight (<5th percentile)

33 (69)Healthy (5th to <90th percentile)

5 (10)Overweight (≥90th percentile)

Internet access, n (%)

43 (98)Yes

1 (2)No

24.0 (23.7-24.0)Valid accelerometer wear time (hours/day), median (IQR)

aOne participant had missing BMI-for-age information, and five participants had missing information on internet access.

Accelerometer-Measured and Self-Reported Movement
Behavior Durations
Table 2 presents the objectively measured and self-reported
time spent in each movement behavior on weekdays and on
weekend days.

In comparison to accelerometer measurements, the participants
reported lower LPA (312.1 min/day vs 52.5 min/day) and higher

MVPA (53.5 min/day vs 60.0 min/day), inactivity (567.2
min/day vs 742.5 min/day), and night sleep durations (488.8
min/day vs 545.0 min/day) in MEDAL.
Accelerometer-measured and self-reported MVPA, LPA, and
inactivity on weekdays were higher than on weekend days,
whereas accelerometer-measured and self-reported night sleep
on weekend days was higher than on weekdays.

Table 2. Median accelerometer-measured and self-reported time spent in movement behaviors on average of all days, weekdays, and weekend days
(minutes/day).

Weekend days (m/d), median (IQR)
(n=45)

Weekdays (m/d), median (IQR) (n=41)Average of all days (m/da), median (IQR)
(n=49)

Type of move-
ment behavior

MEDAL (IQR)Accelerometer (IQR)MEDALb (IQR)Accelerometer (IQR)MEDAL (IQR)Accelerometer (IQR)

42.5 (0.0-120.0)47.3 (32.8-73.0)70.0 (32.5-150.0)62.3 (43.5-86.5)60.0 (0.0-120.0)53.5 (37.3-77.6)MVPAc

45.0 (27.5-
130.0)

297.8 (243.3-328.7)55.0 (32.5-77.5)345.2 (297.5-390.2)52.5 (30.0-95.0)312.1 (257.7-356.6)LPAd

715.0 (587.5-
780.0)

547.0 (495.2-604.6)767.5 (720.0-
870.0)

612.4 (539.8-657.0)742.5 (650.0-
807.5)

567.2 (510.5-640.3)Inactivity

595.0 (540.0-
657.5)

546.1 (488.5-582.8)492.5 (435.0-
530.0)

431.4 (389.2-468.6)545.0 (485.0-
612.5)

488.8 (432.5-556.5)Night sleep

am/d: minutes per day.
bMEDAL: My E-Diary for Activities and Lifestyle.
cMVPA: moderate-to-vigorous physical activity.
dLPA: light physical activity.

Correlation Between Accelerometer-Measured and
Self-Reported Movement Behavior Durations
Spearman correlation tests revealed a strong correlation between
accelerometer-measured and self-reported night sleep (r=0.58;

95% CI 0.43-0.74). There was a moderate correlation for MVPA
(r=0.37; 95% CI 0.20-0.54) and inactivity (r=0.36; 95% CI
0.18-0.54), and a poor correlation for LPA (r=0.19; 95% CI
0.02-0.36). Correlation analyses stratified by weekdays and
weekend days revealed that only weekend days’MVPA (r=0.44;
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95% CI 0.23-0.65) and LPA (r=0.33; 95% CI 0.10-0.56) and
weekday inactivity (r=0.36; 95% CI 0.05-0.66) and night sleep
(r=0.64; 95% CI 0.45-0.84) demonstrated a moderate-to-strong

correlation between accelerometer-measured and self-reported
values. These results are presented in Table 3.

Table 3. Spearman correlation and ICC between accelerometer-measured and self-reported time spent in each movement behavior.

Weekend days (n=45)Weekdays (n=41)Average of all days (n=49)Type of movement
behavior

ICC (95% CI)r (95% CI)ICC (95% CI)r (95% CI)ICCb (95% CI)cr (95% CI)a

0.35 (0.13 to 0.53)0.44 (0.23 to
0.65)

0.05 (–0.23 to 0.33)0.15 (–0.16 to
0.47)

0.24 (0.07 to 0.40)0.37 (0.20 to 0.54)MVPAd

0.32 (0.09 to 0.51)0.33 (0.10 to
0.56)

0.10 (–0.18 to 0.37)0.01 (–0.27 to
0.30)

0.19 (0.01 to 0.36)0.19 (0.02 to 0.36)LPAe

0.18 (–0.05 to 0.40)0.32 (0.09 to
0.55)

0.32 (0.05 to 0.55)0.36 (0.05 to
0.66)

0.29 (0.11 to 0.44)0.36 (0.18 to 0.54)Inactivity

0.11 (–0.13 to 0.33)0.25 (–0.01 to
0.50)

0.44 (0.18 to 0.64)0.64 (0.45 to
0.84)

0.45 (0.29 to 0.58)0.58 (0.43 to 0.74)Night sleep

aSpearman correlation coefficients (r) were interpreted as poor (≤0.29), moderate (0.30-0.39), strong (0.40-0.69), or very strong (≥0.70) correlations.
bICC: intraclass correlation coefficient.
cICCs were interpreted as poor (<0.50), moderate (0.50-0.74), good (0.75-0.90), or excellent (>0.90) agreement.
dMVPA: moderate-to-vigorous physical activity.
eLPA: light physical activity.

Agreement Between Accelerometer-Measured and
Self-Reported Movement Behavior Durations
Agreement was poor between the measures for MVPA
(ICC=0.24; 95% CI 0.07-0.40), LPA (ICC=0.19; 95% CI
0.01-0.36), inactivity (ICC=0.29; 95% CI 0.11-0.44), and night
sleep (ICC=0.45; 95% CI 0.29-0.58). ICC analyses stratified
by weekdays and weekend days demonstrated that there was
poor agreement for both weekdays and weekend days in MVPA,
LPA, inactivity, and night sleep. These results are presented in
Table 3.

The Bland-Altman plots (Figure 2) suggested that those with
low MVPA (based on average of self-reported and
accelerometer-measured MVPA) reported lower MVPA levels
than those measured by the accelerometer. As MVPA levels

increased, reporting higher MVPA levels than those measured
by the accelerometer was more common.

There were no clear trends for the other movement behaviors
(ie, LPA, inactivity, and night sleep), as the plots appeared to
be randomly distributed. Based on these plots, self-reported
LPA was on average 234.1 minutes lower than that measured
by the accelerometer (95% LoA 63.4-404.8 minutes). On the
other hand, accelerometer-measured inactivity was on average
151.5 minutes lower than self-reported activity (95% LoA
–430.5 to 127.6 minutes), and accelerometer-measured night
sleep was on average 62.6 minutes lower than the self-reported
night sleep (95% LoA –266.6 to 141.4 minutes). The plots
stratified by weekday and weekend days did not differ
meaningfully (figures not shown).
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Figure 2. Bland-Altman plots between accelerometer-measured and self-reported (ie, MEDAL) MVPA, LPA, inactivity, and night sleep based on the
average of all days. The black lines depict the 95% limits of agreement, and the red line depicts the mean difference. LPA: light physical activity;
MEDAL: My E-Diary for Activities and Lifestyle (validation study); MVPA: moderate-to-vigorous physical activity.

Discussion

In this study, we evaluated the validity of MEDAL by comparing
self-reported time spent in each movement behavior reported
(ie, MVPA, LPA, inactivity, and sleep) on MEDAL to
accelerometer measurements among children in Singapore aged
10 to 11 years. We found that the children reported lower LPA,
higher MVPA, higher inactivity, and higher night sleep durations
than those measured by the accelerometer. Moderate-to-strong
correlations were observed between accelerometer-measured
and self-reported MVPA, inactivity, and night sleep, while LPA
demonstrated a poor correlation. There was generally poor
agreement between accelerometer-measured and self-reported
values for all behaviors. Differences between weekdays and
weekend days in correlation and agreement between self-reports
and accelerometer measurements were also observed.

We demonstrated that some movement behaviors were better
reported on MEDAL compared to others. In particular, LPA
was most poorly reported, as it had the lowest correlation with
accelerometer measurements, and a similar strength of
correlation was reported previously (r=0.09) [32]. The literature
suggests that it is difficult to define LPA and, consequentially,
difficult to capture LPA using subjective assessments such as
self-reports, especially among children [33]. This is attributed
to the sporadic and spontaneous nature of activity among
children of this age [14]; periods of light activity may be
intermittent in nature, which is attributable to children’s short
attention span and quick disinterest in continuous activity. These
short bursts of light activity contribute to differences in
objectively measured and self-reported physical activity and
inactivity durations, as short periods of movement or inactivity
might not be salient during their recall and thus, unintentionally

misreported. The strength of associations between self-reported
and accelerometer-measured MVPA and inactivity was similar
or better than that reported in other studies, respectively. Recent
systematic reviews [10,11] found that self-reported MVPA
durations among children aged around 10 to 11 years had
moderate correlation with objective measurements (r=0.21-0.48)
[32,34-37], whereas correlations were poor for self-reported
inactivity (r=0.06-0.14) [35,38]. Remembering frequencies,
durations, and intensities of all activities undertaken in a day is
difficult for children [8], contributing to the recall bias that
underlies observable differences in time spent in each movement
behavior between objectively measured and self-reported
measures.

Lastly, for sleep, we demonstrated that night sleep was better
reported on MEDAL compared to the other behaviors. Based
on a systematic review of sleep questionnaires developed for
children and adolescents [39], the criteria for assessing sleep
duration in previous studies differ from the current one, and
thus the ability to make comparisons to other studies was
limited. Notwithstanding, it has been established that sleep
latency, defined as the time a person takes to fall asleep after
going to bed, may influence reporting of sleep times [40].
Periods between bed time and falling asleep might be reported
as sleeping but detected from accelerometer data to be otherwise,
resulting in differences between objectively measured and
self-reported sleep onset time and, consequentially, total sleep
time.

Previous studies have typically only investigated the correlation
between objective measurements and self-reports, which is a
limitation when assessing validity, as correlation does not
provide information on the strength of agreement between the
methods [41]. In our study, we examined agreement and found
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that while MVPA, inactivity, and night sleep demonstrated
moderate-to-strong correlations between accelerometer
measurements and self-reports on MEDAL, agreement for all
behaviors was poor. To our knowledge, only MVPA has been
examined previously in terms of agreement between objective
measurements and self-reports [37,42]. The findings of our
study were in line with these studies (ICC=0.06-0.25) in that
agreement was poor. Although children are able to report some
behaviors using MEDAL, actual time spent in these behaviors
may differ from estimates by wrist-worn accelerometers.

Finally, we investigated whether the validity of MEDAL differed
on weekdays and weekend days. This adds to the existing
literature, as few studies have investigated differences in
reporting accuracy on weekdays versus weekend days. Our
study suggests that the children were able to report weekend
days’ physical activity better than weekdays’; conversely, they
were able to report weekdays’ inactivity and night sleep better
than weekend days’. The greater correlation and agreement for
inactivity and night sleep demonstrated on weekdays might be
attributed to weekdays being more structured, characterized by
consistent wake and bed times [43] as well as regular school-day
routines in which the majority of activities are inactive (eg,
lessons in school) [44], making them easier to recall.
Explanations for differences in reporting accuracy for physical
activity (MVPA and LPA) on weekdays compared to weekend
days are less clear. Participants might have reported their
physical education lessons or after-school sports trainings on
weekdays as entirely physical activity (regardless of MVPA or
LPA). In reality, these periods of “activity” might include
organizing the lesson or game, watching demonstrations, or
taking turns to rest and play [33]. The accelerometer only
measured the amount of time when the individual was actually
moving, resulting in the discrepancy between periods of physical
activity reported on MEDAL and those measured by the
accelerometers. Conversely, the participants might have
participated in a specific sport and might have been active
throughout the duration of the physical activity they reported,
resulting in the greater correlation and agreement between
accelerometer-measured and self-reported physical activity
durations on weekend days. This hypothesis warrants further
investigation.

Despite known limitations of self-reports relating to recall bias,
self-reporting offers advantages that objective assessments of
movement behaviors, like use of accelerometers, do not [6].
Objective assessments are independent of recall bias, while
self-reported measures, like MEDAL, are easier to administer,
process, and analyze, particularly when extended to
population-based studies or large cohorts [45]. They also offer
the potential of collecting information on screen-viewing and
contextual information, such as location and type of activity,
without the need for complementary questionnaires or devices
(eg, a location tracker) [45], streamlining the assessment and
identification of problematic health behaviors and possible
contexts to target health behavior interventions. Hence, the
impetus for selecting an appropriate method to assess movement
behaviors, whether self-reports or objective assessments or a
combination of both, is dependent on the research question [45].

Our findings suggest that based on self-reports on MEDAL, the
children are able to estimate their time spent in MVPA,
inactivity, and night sleep although actual time spent in these
behaviors may differ from estimates by wrist-worn
accelerometers. On the other hand, self-reported LPA on
MEDAL warrants cautious interpretation. Finally, MVPA and
LPA might be better reported by children on weekend days,
and inactivity and night sleep might be better reported on
weekdays.

There are several strengths of the present study. High
compliance with accelerometer wear allowed activity patterns
of a full or close to a full 24-hour day to be objectively measured
for comparison with self-reports on MEDAL. The reporting of
all 4 movement behaviors was investigated, allowing us to
review the validity of MEDAL as a tool for capturing time use
across the full movement spectrum of 24 hours. Stratifying the
analyses by weekdays and weekend days provided additional
interesting findings to contribute to the current literature.

However, there are limitations to be acknowledged. First, we
note that some participants might have removed their
accelerometers during certain sports and activities (eg, contact
sports, martial arts); therefore, accelerometer-measured MVPA
and LPA might have been underestimated. As our results
demonstrate that participants reported much lower LPA than
did the accelerometer, the underreporting may be more
pronounced than reflected. Sleep duration detection algorithms
for raw acceleration data have only been developed to detect
the onset of sleep [22], which may differ from bed time and
would be intuitively self-reported. The difference in time
between sleep onset (ie, when the participant truly falls asleep)
and bed time (ie, the time the participant goes to bed to go to
sleep) would consequentially influence estimations of sleep
durations. As accelerometers and MEDAL assessed different
constructs of sleep (ie, sleep onset to wake time versus bed time
to wake time), accelerometers might be less adequate as a means
of comparison against self-reported sleep durations. We also
removed 1 MEDAL entry of a participant whom we deemed to
have reported implausible values. Sensitivity analyses, however,
revealed that including the entry did not affect results
substantially. We also acknowledge that the sample size of this
study was modest, largely due to the exclusion of participants
that did not have any day of recording on MEDAL that
corresponded with the days the accelerometers were worn.
Notwithstanding, MEDAL was reported previously to be
feasible and acceptable among children of this age group [18].
Some differences in characteristics exist between participants
included in our study and those recruited but not included (ie,
those excluded from movement behavior validation analyses
and those involved in the other validation studies; Multimedia
Appendix 2). These may potentially limit the generalizability
of the findings of this study to the population.

This is among the first studies to assess the validity of
self-reported behaviors across the full movement spectrum and
to compare reporting accuracy on weekdays versus weekend
days. This study suggests that MEDAL may be useful in
assessing movement behaviors of children aged 10 to 11 years
although estimates may differ from wrist-worn accelerometer
measurements. Self-reported estimates for inactivity and sleep
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on weekdays might be more accurate than those on weekend
days, whereas self-reported estimates for MVPA and LPA on
weekend days might be more accurate than those on weekdays.

Findings of this study will facilitate the interpretation of future
data collected using MEDAL.
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Abstract

Background: Mental health difficulties in children and adolescents are highly prevalent; however, only a minority receive
adequate mental health care. Internet-delivered interventions offer a promising opportunity to increase access to mental health
treatment. Research has demonstrated their effectiveness as a treatment for depression and anxiety in adults. This work provides
an up-to-date examination of the available intervention options and their effectiveness for children and young people (CYP).

Objective: In this systematic review and meta-analysis, we aimed to determine the evidence available for the effectiveness of
internet-delivered interventions for treating anxiety and depression in CYP.

Methods: Systematic literature searches were conducted throughout November 2020 using PubMed, PsycINFO, and EBSCO
academic search complete electronic databases to find outcome trials of internet-delivered interventions treating symptoms of
anxiety and/or depression in CYP by being either directly delivered to the CYP or delivered via their parents. Studies were eligible
for meta-analysis if they were randomized controlled trials. Risk of bias and publication biases were evaluated, and Hedges g
between group effect sizes evaluating intervention effects after treatment were calculated. Meta-analyses used random-effects
models as per protocol.

Results: A total of 23 studies met the eligibility criteria for the systematic review, of which 16 were included in the meta-analyses,
including 977 participants in internet-delivered treatment conditions and 1008 participants in control conditions across 21
comparisons. Random-effects models detected a significant small effect for anxiety symptoms (across 20 comparisons; Hedges
g=−0.25, 95% CI −0.38 to −0.12; P<.001) and a small but not significant effect for depression (across 13 comparisons; Hedges
g=−0.27, 95% CI −0.55 to 0.01; P=.06) in favor of internet-delivered interventions compared with control groups. Regarding
secondary outcomes, there was a small effect of treatment across 9 comparisons for impaired functioning (Hedges g=0.52, 95%
CI 0.24-0.80; P<.001), and 5 comparisons of quality of life showed no effect (Hedges g=−0.01, 95% CI −0.23 to 0.21; P=.94).

Conclusions: The results show that the potential of internet-delivered interventions for young people with symptoms of anxiety
or depression has not been tapped into to date. This review highlights an opportunity for the development of population-specific
interventions and their research to expand our current knowledge and build an empirical base for digital interventions for CYP.

Trial Registration: PROSPERO CRD42020220171; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=220171

(JMIR Pediatr Parent 2022;5(2):e33551)   doi:10.2196/33551
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Introduction

Background
Depression and anxiety disorders rank high among the
difficulties for children and young people (CYP), contributing
to significant disability, and are associated with lasting
intellectual, academic, and social impairment [1-3]. Mental
health issues, which often first present at a young age [4], can
contribute to lifelong physical health difficulties and reduced
quality of life in adulthood [5,6]. Failure to access treatment at
such a critical developmental stage can result in serious negative
consequences for functioning or even long-term disability [7].
Despite the high prevalence rates and worldwide recognition
of the importance of strengthening mental health in CYP,
demand still surpasses the capacity of services [8] and only a
minority receive adequate mental health care [9]. In one study,
after 4 weeks of referral, only 20% received treatment [10],
presenting a major issue, as long waiting times have been
associated with poorer outcomes, worsening of symptoms, and
a greater chance of families disengaging from treatment [11].

Global inadequacies in the provision of mental health services
have been attributed to three areas: access to services,
implementation, and policy issues [9]. In England, mental health
services for CYP are historically underfunded, seeing service
cuts of up to 75% even as demand increases at a rate of
approximately 11% per annum [12]. One core issue of access,
which inhibits the expansion of service provision, is the scarcity
of highly trained therapists and supporters to deliver therapeutic
content [13], especially in relation to CYP [14]. In a 2017 review
of mental health services for CYP in the United Kingdom, CYP
reported concerns that the staff members were not adequately
trained to meet their needs [15]. Additional personal barriers to
young people receiving care can involve location-based or
finance-based inaccessibility of services, feelings of
embarrassment and perceived stigma, desire to be more
self-reliant, and difficulties in recognizing mental health
concerns [16].

Internet-delivered interventions are an increasingly popular way
to address some of the barriers to access owing to their
scalability, efficiency, and potential for personalization [17].
Furthermore, given young people’s familiarity and avid
consumption of technology and the internet [18], digital
interventions present a possible way to reach larger numbers of
young people. Young people use the internet to access
information regarding mental health issues, to obtain support
for issues when in need, and to connect with peers [19]. In
addition to increasing access to care, the use of technology-based
treatments has improved patient and family outcomes and
quality of life [9]. Evidence has shown comparable effectiveness
of internet-delivered interventions and face-to-face brief
psychological interventions in treating depression and anxiety
in adults (Palacios J, unpublished data, April 2022) [20] and
some evidence for their use in CYP [21].

In general, studies of internet-delivered interventions for CYP
have lagged behind adult equivalents, and previous systematic
reviews have sought to address this [22,23]. However, the update
from Grist et al [22] included any technology-delivered
treatments, such as video games, which can vary substantially
in the mode of delivery and support provided, not to mention
design or psychotherapeutic approach, and therefore likely have
different effects or mechanisms of change [13]. Hollis et al [17]
also conducted a metareview including young adults aged ≥18
years but ≤25 years and defined broad inclusion criteria for
therapy delivered over technological devices, such as CD-ROM,
SMS text messaging, or videoconferencing. Considering the
broad and highly varied nature of the interventions under this
rubric, Hollis et al [17] recommended evaluating
evidence-based, core components of digital-delivered
interventions (ie, active ingredients of interventions associated
with uptake, adherence, and clinical outcomes).

Objectives
It is still not clear whether internet-delivered interventions are
effective in treating depression and anxiety in CYP.
Internet-delivered mental health interventions are rapidly
advancing; therefore, we conducted a systematic review to
provide an up-to-date analysis of the available intervention
options and their effectiveness. Specifically, the aims of this
systematic review are (1) to evaluate the current state of
evidence for the effectiveness of internet-delivered interventions
for childhood and adolescence anxiety and depression symptoms
and (2) to assess whether internet-delivered interventions are
effective in treating symptoms of anxiety and depression in
children and adolescents.

Methods

Literature Search
This systematic review and meta-analysis was completed in
line with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement [24]; for the
corresponding checklist, refer to Multimedia Appendix 1. Its
protocol was prospectively registered at PROSPERO (reference
number CRD42020220171). A systematic literature search for
English language articles was conducted in early November
2020, and the final searches were conducted on November 19,
2020, across three electronic databases: PubMed, PsycINFO,
and EBSCO academic search complete. Each database was
searched individually with search terms specified by population,
presenting the problem, intervention, and intervention medium
(refer to Table 1 for examples of the search terms used across
databases). In addition, we reviewed references of other relevant
review papers, checked trial registers for recent publications
related to eligible trial protocols identified through the database
searches, and drew on the expertise of the last author (DR) in
the field to identify publications that may have been missed.
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Table 1. Examples of search terms used across databases.

Examples of search termsSearch category

Childa or adolescenta or parenta or parentingaPopulation

Depressiona or anxietya or mental healthaPresenting problem

Therapeuticsa or psychotherapya or interventionb or psychoeducatb or managb or trainbIntervention

Interneta or computerb or webb or onlineb or technologb or phone applicationb or appb or mobilebMedium

aMeSH (Medical Subject Headings) term.
bKey concept in PsycINFO or title term in PubMed.

Selection of Studies
After duplicates were deleted via the reference manager
Mendeley, entirely off-topic studies were excluded based on
the title by one researcher (AL). Eligibility screening of the
remaining papers was conducted by two researchers (NE and
AL), and discrepancies were resolved via discussion between
the researchers and consultation with a senior researcher (DR).
The grounds for exclusion of studies were recorded according
to a predefined hierarchy.

Eligibility Criteria
To be included in the systematic review, studies had to (1) be
outcome studies, providing at least pretreatment and
posttreatment clinical outcome data pertaining to anxiety or
depression; (2) be implementing a transdiagnostic or
disorder-specific low-intensity intervention delivered remotely
via the internet (eg, high-intensity interventions such as
videoconference psychotherapy or CD-ROM–based
interventions were excluded), targeting symptoms of anxiety
and/or depression in children or young people (intervention
could be delivered directly to the child or young person or via
their parents or guardians); (3) report the average age of the
CYP, for whose symptoms the intervention was primarily
intended, to be aged ≤18 years; and (4) have only included CYP
who presented with symptoms of anxiety and/or depression
(individual study inclusion criteria needed to include current
symptoms of anxiety and/or depression assessed via self-report
measures or clinical interviews). Furthermore, to be included
in the meta-analysis, studies needed to be individually
randomized controlled trials (RCTs).

Data Extraction
Extracted data from studies included (1) participant
characteristics (percentage female, mean age, and age range of
the sample), (2) study characteristics (country of setting,
recruitment strategy, clinical eligibility criteria implemented,
and type of control group), (3) intervention characteristics
(intervention focus of anxiety and/or depression, intervention
delivery to youth and/or parents, intervention theoretical
orientation, intervention support delivered, number of modules
in intervention and length of treatment, and average amount of
the intervention completed by participants), and (4) means and
SDs or equivalent intention-to-treat metrics facilitating the
calculation of posttreatment and follow-up between-group effect
sizes where applicable. Data were extracted by one researcher
(AL or RW) and checked for accuracy by another researcher
(NE).

For outcome data extraction, we created a hierarchy of
instruments for our constructs of interest (primary: depression
and anxiety; secondary: impaired functioning and quality of
life) before data extraction to facilitate uniformity for studies
implementing multiple measures for the same construct. Each
hierarchy was composed of a list of relevant outcome measures
ranked by their properties of interpretability, reliability, and
validity. Given the primary interest in generic anxiety in this
meta-analysis, generic anxiety measures were given preference
over disorder-specific ones (eg, in 1 study [25], the Beck
Anxiety Inventory was selected over the Social Phobia
Screening Questionnaire for Children). Where there were
multiple forms completed of the same measure (eg, Spence
Children’s Anxiety Scale-Parent Version and Child Version),
the scores were averaged.

Quality Assessment of Included Studies
The risk of bias was determined for each study included in the
meta-analysis based on the CLEAR NPT (Checklist to Evaluate
a Report of a Nonpharmacological Trial) checklist [26], which
evaluates the quality of RCTs addressing nonpharmacological
trials. This checklist has been successfully used in previous
meta-analytic studies of internet-delivered interventions for
depression [27] and anxiety [28]. This checklist features 10
questions and 5 subquestions, predominantly requiring an
answer of yes, no, or unclear. The questions concerned the
adequacy of randomization; availability of details of the
interventions; appropriateness of supporters’ skills; treatment
adherence measurement; blinding of those involved or, if not,
notification of steps taken to prevent bias; consistency across
conditions’ follow-up schedules; and whether an
intention-to-treat principle of analysis was followed. Two
researchers (RW and AL) independently completed the CLEAR
NPT checklist for all studies on the primary outcomes of
depression and anxiety. Conflicts were resolved by checking
and discussing the given study and, if further clarity was
required, by consulting the first author (NE). Risk of bias
assessments were detailed narratively rather than incorporated
into meta-analytic models, as the CLEAR NPT checklist does
not provide an overall degree of study quality.

Meta-analytic Procedures
Effect sizes were calculated either from observed means and
SDs or estimated marginal means, SEs, and Cohen d, if
available, with the latter taking precedence if both were reported
within a given study. The formulas provided by Borenstein et
al [29] were used to calculate Hedges g and its SE. In 3-arm
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trials in which either both active arms met the inclusion criteria
or 2 different types of control groups were implemented, the
sample sizes of the group that was to be entered into the analysis
twice was halved to allow for the calculation of separate effect
sizes by trial arm [30]. For effect size, we implemented the
following cut-off points: 0-0.32 for a small effect, 0.33-0.55 for
a moderate effect, and 0.56-1.2 for a large effect [31].

All analyses were conducted in R (R Foundation for Statistical
Computing) using the meta, metafor, and dmeta packages
[32-34]. In line with the protocol [35], random-effects models
were used to pool effect sizes to account for the anticipated
moderate to high levels of between-study heterogeneity.
Between-study variance was estimated via restricted maximum
likelihood, and heterogeneity was assessed using the Q value,
I² statistic, and prediction intervals (PIs). According to Higgins
and Thompson [36], an I² value of 0% indicates no
heterogeneity, 25% indicates low heterogeneity, 50% indicates
moderate heterogeneity, and 75% indicates high heterogeneity.
The presence of outliers and model fit was assessed using
diagnostic plots and statistics. Owing to the inclusion of studies
with narrow and wide focus on intervention aim and content,
forest plots detailing primary outcomes by intervention focus
(anxiety, low mood and/or depression, or transdiagnostic) were
selected to ensure reporting clarity. In a deviation from the
registered protocol [35], follow-up between-group effects were
assessed through the same models as posttreatment effects,
where this was feasible (ie, a sufficient number of studies

included relevant data). Where multiple follow-up time points
were available for one study, the longest follow-up time point
was selected. To explore various potential moderators,
mixed-effect models of primary outcomes (anxiety and
depression) using the Knapp-Hartung method to reduce the
chance of a type 1 error were conducted. Moderators were only
explored statistically if there were at least six moderate to large
studies with data available for any continuous moderator and
four moderate to large studies per subgroup for categorical
moderators [37]. Funnel plots and Egger [38] test were used to
explore publication bias.

Results

Selection and Inclusion of Studies
The database searches resulted in 1014 articles, whereas an
additional 11 results were obtained from other sources (refer to
the Literature Search section). Duplicate removal left 874
articles, 645 of which were excluded based on the title. The
full-text versions of the remaining 236 articles were assessed
for potential eligibility, of which 213 did not meet the eligibility
criteria and were excluded. Finally, 23 studies were deemed
eligible for the systematic review, and an additional 7 studies
were excluded from the meta-analysis because of not having
conducted an RCT. A total of 16 studies met the inclusion
criteria for meta-analysis. The study selection process and
reasons for exclusion are summarized in Figure 1.
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Figure 1. Flow of selection and exclusion of studies.

Description of Included Studies

Overview
This review reports 16 RCTs and 7 non-RCTs published in
English, the main characteristics of which are presented in
Tables 2 and 3. A total of 6981 participants were included,
ranging in age from 3 to 21 years and recruited through school,

email, flyers, websites, local media (radio, newspaper, etc),
social media, youth centers, guardians, or parent groups. A total
of 11 studies involved recruitment from different care settings
such as general practitioners, mental health professionals, mental
health services, and clinics. Moreover, 6 studies were conducted
in Sweden; 6 in Australia; 5 in the Netherlands; and 1 each in
China, Canada, Denmark, Iran, New Zealand, and the United
States.
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Table 2. Study characteristics, constructs of interest, and outcome measures used across meta-analyses.

Outcomes included in meta-analysisControl (n)Eligibility criteriaAge,
mean
(range)

Sample size

(N)a
Study and coun-
try

Quality of
life

Impaired
functioning

DepressionAnxiety

Anderson et al, 2012 [39]

————bNo control
group

Structured clinical inter-
view

12.12 (7-
18)

N=132 (female
70, male 62)

Australia

Conaughton et al, 2017 [40]c

—CGASe-clini-
cian rated

—SCAS-C/PdWait-list
(n=21)

Structured clinical inter-
view

9.74 (8-
12)

N=42 (female
6, male 36)

Australia

de Voogd et al, 2017 [41]c

——CDISCAREDPlacebo
(n=39)

>16 SCAREDf or >7

CDIg

15.68
(12-18)

N=119 (female
75, male 44)

The
Nether-
lands

de Voogd et al, 2017 [42]c

——CDISCAREDPlacebo
(n=32), wait-
list (n=38)

>16 SCARED or >7
CDI

14.45
(11-19)

N=108 (female
72, male 36)

The
Nether-
lands

Hoek et al, 2012 [43]c

——CES-DjHADS-AiWait-list
(n=23)

Self-report (mild to
moderate depressive
and/or anxiety symp-

16.07
(12-21)

N=45, (female
34, male 11)

The
Nether-
lands

toms, NIMH DISC-

IVh)

Ip et al, 2016 [44]c

——CESD-RDASS-21k

anxiety sub-
scale

Attention con-
trol (n=127)

CESD-R score of 12-4014.6 (13-
17)

N=257 (female
175; male 82)

China

Jolstedt et al, 2018 [45]c

KID-

SCREENm-child

CGAS-clini-
cian rated

—RCADSl-child
and parent
rated

Web-based
child-directed
play (n=65)

>Moderate anxiety dis-
order diagnosis

9.75 (8-
12)

N=131, (female
70, male 61)

Sweden

and parent
rated

Lindqvist et al, 2020 [46]c

——QIDS-A17-
SR

GAD-7oWeb-based
supportive
contact (n=38)

Unipolar major depres-
sive disorder diagnosis
(≥10 on the QIDS-A17-

SRsn)

16.6 (15-
18)

N=76 (female
61, male 15)

Sweden

March et al, 2018 [47]

————No control
group

≥84th percentile or t
score ≥60 on the CAS-

8p

12.95 (7-
17)

N=4425 (fe-
male 2938,
male 1406, oth-
er=81)

Australia

Moeini et al, 2019 [48]

————Cluster-ran-
domized con-
trol only

CES-D score of 10-4516.2 (15-
18)

N=128 (female
128)

Iran

Morgan et al, 2017 [49]c
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Outcomes included in meta-analysisControl (n)Eligibility criteriaAge,
mean
(range)

Sample size

(N)a
Study and coun-
try

Quality of
life

Impaired
functioning

DepressionAnxiety

—CALIS-

PVs-parent
rated

—PAS-Rr-par-
ent rated

Wait-list
(n=218)

Temperamental inhibi-
tion (>30 on the Ap-
proach subscale of the

STSCq)

4.8 (3-6)N=433 (female
228, male 205)

Australia

Reuland and Teachman, 2014 [50]

————No control
group

Structured clinical inter-
view

13 (10-
15)

N=18 (female
13, male 5)

United
States

Rickhi et al, 2015 [51]c

——CDRS-R—Wait-list
(n=13)

CDRS-Rt score of 40-
70

15.3 (12-
18)

Adolescent sub-
group only
N=31 (female
26, male 5)

Canada

Silfvernag et al, 2015 [52]

————No controlStructured clinical inter-
view

16.8 (15-
19)

N=11 (female
6, male 5)

Sweden

Spence et al, 2011 [53]c

—CGAS-clini-
cian rated

—SCAS-C/PFace-to-face

CBTu (n=44),
wait-list
(n=27)

Primary diagnosis of
generalized anxiety dis-
order, separation anxi-
ety disorder, social
phobia, or specific pho-
bia

13.98
(12-18)

N=115 (female
68, male 47)

Australia

Spence et al, 2017 [54]c

—CGAS-clini-
cian rated

—SCAS-C/PWait-list
(n=30)

Structured clinical inter-
view

11.29 (8-
17)

N=125 (female
75, male 50)

Australia

Sportel et al, 2013 [55]

————Cluster-ran-
domized
groups only

Structured clinical inter-
view

14.1 (13-
15)

N=240 (female
174, male 66)

The
Nether-
lands

Stasiak et al, 2016 [56]

————No control
group

Structured clinical inter-
view

11.1 (7-
15)

N=42 (female
22, male 20)

New
Zealand

Stjerneklar et al, 2019 [57]c

WHO-5xCALISw-child
rated

MFQ-

Sv-child and
parent rated

SCAS-C/PWait-list
(n=35)

Structured clinical inter-
view

15 (13-
17)

N=70 (female
55, male 15)

Denmark

Tillfors et al, 2011 [25]c

QOLIaa—MADRS-SzBAIyWait-list
(n=9)

Cutoff for social anxi-
ety disorder (Social
Phobia Screening
Questionnaire for Chil-
dren)

16.5 (15-
21)

N=19 (female
17, male 2)

Sweden

Topooco et al, 2019 [58]c

BBQac—BDI-IIBAIMinimal atten-
tion control
(n=35)

Depressive symptoms

(BDI-IIab score ≥14) or
major depressive
episode as per struc-
tured clinical interview

17.5 (15-
19)

N=70 (female
67, male 3)

Sweden
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Outcomes included in meta-analysisControl (n)Eligibility criteriaAge,
mean
(range)

Sample size

(N)a
Study and coun-
try

Quality of
life

Impaired
functioning

DepressionAnxiety

Topper et al, 2017 [59]c

——BDI-IIMASQ-

D30ad anxi-
ety arousal
subscale

In-person
group CBT
(n=82), wait-
list (n=85)

Excessive levels of
worry and rumination
as per population per-
centile cutoffs

17.45
(15-22)

N=251 (female
210, male 41)

The
Nether-
lands

Vigerland et al, 2016 [21]c

QOLI-CCGAS-clini-
cian rated

—SCAS-C/PWait-list
(n=47)

Structured clinical inter-
view

10.1 (8-
12)

N=93 (female
51, male 42)

Sweden

aWhere applicable, sample size is presented as the number male and female participants.
bNot available.
cStudy included in the meta-analysis.
dSCAS-C/P: Spence Children’s Anxiety Scale-Parent Version and Child Version.
eCGAS: Children’s Global Assessment Scale.
fSCARED: Screen for Child Anxiety–Related Emotional Disorders.
gCDI: Children’s Depression Inventory.
hNIMH DISC-IV: National Institute of Mental Health Diagnostic Interview Schedule for Children Version IV.
iHADS-A: Hospital Anxiety and Depression Scale (Anxiety Subscale).
jCES-D: Centre for Epidemiologic Studies Depression Scale (also CESD-Revised).
kDASS-21: Depression Anxiety and Stress Scale.
lRCADS: Revised Children’s Anxiety and Depression Scale.
mKIDSCREEN-C/P: Health Related Quality of Life Questionnaire for Children and Young People and their Parents.
nQIDS-A17-SR: Quick Inventory of Depressive Symptomatology for Adolescents.
oGAD-7: Generalized Anxiety Disorder 7-item scale.
pCAS-8: Spence Children’s Anxiety Scale-8 item Version.
qSTSC: Short Temperament Scale for Children.
rPAS-R: Revised Preschool Anxiety Scale.
sCALIS-PV: Children’s Anxiety Life Interference Scale-Preschool Version.
tCDRS-R: Children’s Depression Rating Scale-revised.
uCBT: cognitive behavioral therapy.
vMFQ-S: Mood and Feelings Questionnaire.
wCALIS: Children’s Anxiety Life Interference Scale.
xWHO-5: World Health Organization-Five Well-Being Index.
yBAI: Beck Anxiety Inventory.
zMADRS-S: Montgomery Åsberg Depression Rating Scale–Self-rated.
aaQOLI: Quality of Life Inventory (also QOLI-Child Version).
abBDI-II: Beck Depression Inventory.
acBBQ: Brunnsviken Brief Quality of Life Scale.
adMASQ-D30: Mood and Anxiety Symptom Questionnaire.
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Table 3. Description of recruitment strategies and interventions used within studies included in meta-analyses.

Intervention engagementSupportNumber of modules
and intervention du-
ration

Recruitment sourceStudy and intervention (n)

Anderson et al, 2012 [39]

Youth completed an average of
8.86 out of 10 sessions; parents

Weekly emails and one
15-minute telephone call
with clinician

15-16 (10 youth and
5-6 parent modules)
over 12 weeks

Recruited via advertising in
the media and referrals from
guidance officers and mental
health professionals

iCBTa for anxiety disorders
delivered to youth and parents
(n=132) completed an average of 4.76 out

of 5 or 5.74 out of 6 sessions if
assigned 6.

Conaughton et al, 2017 [40]b

Youth completed an average of
6.7 out of 10 sessions; parents

Weekly web-based con-
tact and one short phone
call with a therapist

16 (10 youth and 6
parent modules)
over 10 weeks

Recruited via advertising in
the media and referrals from
guidance officers, teachers,

parents, GPsc, and mental

iCBT for anxiety disorders
delivered to youth and parents
(n=21) completed an average of 4.86 out

of 6 sessions.

health professionals and
self-referral

de Voogd et al, 2017 [41]b

Those in scenario training com-
pleted an average of 5.56 out of

No support8 modules over 4
weeks

Recruited from 4 secondary
schools

iCBMd for anxiety and depres-
sion delivered to youth (sce-

8 modules, and those in picture-nario training n=36; picture-
based training n=44) based training completed an aver-

age of 5.91 out of 8 reviews.

de Voogd et al, 2017 [42]b

Participants completed an aver-
age of 5.74 out of 8 modules.

No support8 modules over 4
weeks

Recruited from 4 secondary
schools

iABMe for anxiety and depres-
sion delivered to youth (n=38)

Hoek et al, 2012 [43]b

6 participants completed 5 out of
5 modules, 10 completed ≥3, 5

Weekly automated
emails and exercise feed-

5 modules over 5
weeks

Recruitment via advertising
in schools, mental health
clinics, and media and refer-
rals from school doctors

Internet-based problem-solv-
ing therapy for depression and
anxiety delivered to youth
(n=22)

completed 1-2, and 1 participant
completed none of the modules.

back via email by mental
health professional and
authors

Ip et al, 2016 [44]b

26 participants completed 10 out
of 10 modules; 55 participants
completed 5 or more modules.

No support10 modules over 8
months

Recruited from 3 secondary
schools (1 all-girls and 2
coeducational schools)

Integrative iCBT for major
depression prevention

(CATCH-ITf) delivered to
youth (n=130)

Jolstedt et al, 2018 [45]b

Those in treatment completed an
average of 8.91 out of 12 mod-
ules.

Weekly asynchronous
web-based therapist sup-
port

12 modules over 12
weeks

Recruited via advertising
and referrals from mental
health services

Exposure-based iCBT for
anxiety delivered to parents
and youth (n=66)

Lindqvist et al, 2020 [46]b

Participants completed an aver-
age of 5.8 out of 8 modules and

Web-based feedback and
30-minutes weekly chat
with a therapist

8 modules over 8
weeks

Recruited via advertising on
social media, youth centers,
and clinics

Internet-based, affect-focused
psychodynamic therapy for
depression delivered to youth
(n=38)

attended 6.6 out of 8 chat ses-
sions.

March et al, 2018 [47]

Average number of modules
completed was 2.21 out of 10;

No support10 modules over 20
weeks

Recruited via self-referral,
health or education staff,
and advertising health infor-
mation web sites

iCBT for anxiety delivered to
youth (n=4425)

21.65% of participants did not
complete the first module.

Moeini et al, 2019 [48]
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Intervention engagementSupportNumber of modules
and intervention du-
ration

Recruitment sourceStudy and intervention (n)

—gWeb-based messages
from psychiatrist

8 modules over 12
weeks

Recruited from all-girls high
schools

iCBT based on social cogni-
tive theory applications for
depression delivered to youth
(n=64)

Morgan et al, 2017 [49]b

Average number of modules ac-
cessed was 4 out of 8.

Support-on-demand
(psychologist)

8 modules over 24
weeks

Recruited via web-based
advertising and flyers dis-
tributed to preschool ser-
vices

iCBT (Cool Little Kids on-
line) for anxiety delivered to
parents (n=215)

Reuland and Teachman, 2014 [50]

—Unsupported with 90-
minute group meetings to
obtain youth feedback on
intervention

8 modules (duration:
N/A)

Recruited via flyers, adver-
tisements, and social net-
working

iCBM for social anxiety deliv-
ered to only youth, only par-
ent, or youth and parents con-
currently (n=18)

Rickhi et al, 2015 [51]b

4 out of 31 participants complet-
ed less than half of the modules,
2 completed more than half, and
25 completed all modules.

No support8 modules over 8
weeks

Adolescent subgroup recruit-
ed via email, posters, media,
schools, health profession-
als, and youth organizations

Spirituality-informed e-men-
tal health tool for major de-
pression delivered to youth
(n=18)

Silfvernag et al, 2015 [52]

Average number of modules
completed was 5.

Telephone or face-to-face
support (if needed)

6-9 modules over 6-
18 weeks

Referral via guardian, clinic,
and self-referral

Tailored iCBT for anxiety
disorders delivered to youth
(n=11)

Spence et al, 2011 [53]b

Average number of sessions
completed was 7.5 out of 10 for
youth and 4.48 out of 5 for par-
ents.

Email feedback after
each session and one 15-
minute phone review call
by therapist

15 (10 youth and 5
parent session) over
12 weeks

Recruited via media advertis-
ing and referrals from school
guidance officers, GPs, and
mental health professionals

iCBT for anxiety disorders
delivered to youth and parents
(n=44)

Spence et al, 2017 [54]b

Youth completed on average 4-
4.75 out of 10 sessions, and par-
ents completed on average 4.32
out of 6 or 3.18 out of 5 sessions.

Email feedback after
each session and one 15-
minute phone review call
by therapist

15-16 (10 youth and
5-6 parent sessions)
over 12 weeks

Recruited via schools, parent
groups, mental health profes-
sionals, guidance officers,
the media, and self-referral

Social anxiety–specific iCBT
(n=47) and generic iCBT for
anxiety (n=48) delivered to
youth and parents

Sportel et al, 2013 [55]

iCBM participants completed on
average 8.5 out of 20 sessions.

No support20 over 10 weeksRecruited via 24 schoolsiCBM for social anxiety deliv-
ered to youth (n=86)

Stasiak et al, 2016 [56]

Average number of sessions
completed by youth was 4.48 out
of 10; it was 4.3 out of 6 for par-
ents of children, and 2.3 out of 5
for parents of adolescents.

Feedback to child and
parent and one 30-minute
phone call with therapist

15-16 modules (10
youth and 5-6 par-
ent) over 12 weeks

Recruited through referrals
from GPs and school public
health nurses

iCBT for anxiety disorders
delivered to youth (n=42)

Stjerneklar et al, 2019 [57]b

Participants completed on aver-
age 5.4 out of 8 modules (exclud-
ing 2 participants who dropped
out).

Weekly phone calls (aver-
age 20 mins) with thera-
pist

8 modules over 14
weeks

Recruited via advertising
and referrals from local
health services

iCBT (ChilledOut online) for
anxiety delivered to youth
(n=35)

Tillfors et al, 2011 [25]b

Participants finished on average
2.9 out of 9 modules.

Email feedback after
each homework assign-
ment by therapist

9 modules over 9
weeks

Recruited via advertising
newspapers and in schools

iCBT for social anxiety deliv-
ered to youth (n=10)
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Intervention engagementSupportNumber of modules
and intervention du-
ration

Recruitment sourceStudy and intervention (n)

Topooco et al, 2019 [58]b

Participants completed on aver-
age 6.2 out of 8 modules and 5.7
out of 8 chat sessions.

Weekly synchronous
therapist support sessions
via platform chat feature

8 modules over 8
weeks

Recruited via social media
posts, schools, youth cen-
ters, and clinics

iCBT for depression delivered
to youth (n=35)

Topper et al, 2017 [59]b

Those who started iCBT complet-
ed an average of 3.96 out of 6
sessions; 9.9% did not start
iCBT.

Clinical psychologist of-
fered feedback after each
session

6 modules over 6
weeks

Recruited through 13 sec-
ondary schools and 2 univer-
sities

Rumination-focused iCBT for
anxiety disorder and major
depression prevention deliv-
ered to youth (n=84)

Vigerland et al, 2016 [21]b

Average number of modules
completed was 9.7 out of 11.

Web-based messages or
feedback, 3 phone calls,
and optional additional
calls with therapist

11 (4 youth and 7
parent) modules
over 10 weeks

Recruited via media adver-
tisement and self-referral

iCBT for anxiety disorders
delivered to both youth and
parents (n=46)

aiCBT: internet-delivered cognitive behavioral therapy.
bStudy included in meta-analysis.
cGP: general practitioner.
diCBM: internet-delivered cognitive bias modification.
eiABM: internet-delivered attentional bias modification.
fCATCH-IT: Competent Adulthood Transition with Cognitive Behavioral Humanistic and Interpersonal Training (Chinese adaptation).
gInformation not available.

Description of Studies Included in the Meta-analysis
Across RCT studies, sample sizes ranged from 19 [25] to 433
[49], with 977 in internet-delivered treatment conditions and
1008 in control conditions. There were 21 comparisons
conducted across the 16 RCTs, 13 of which featured a wait-list
control and 8 implemented active controls (2 placebo bias
modification programs, 2 attention controls, 1 internet-delivered
child-directed play, 1 internet supportive contact, 1 face-to-face
CBT, and 1 group CBT). A total of 12 active treatment
comparisons implemented a form of internet-delivered cognitive
behavioral therapy (iCBT), 3 featured internet-delivered
cognitive or attentional bias modification interventions
(internet-delivered cognitive bias modification [iCBM] or
internet-delivered attentional bias modification), 1 implemented
a problem-solving therapy, 1 implemented an affect-focused
psychodynamic therapy, and 1 implemented a
spirituality-informed intervention. Most of these interventions
were delivered to CYP, and 5 interventions were also delivered
to the parents; however, 1 intervention was delivered to parents
only [49]. The RCTs included participants with at least mild to
moderate symptoms or those who met the diagnostic criteria
for a primary disorder of anxiety or depression assessed via
structured clinical interviews or self-report measures. Most
studies (12/16, 75%) provided some form of regular scheduled
feedback or assistance from a therapist, psychologist, or mental
health professional. One study provided support only when
requested by participants [49]. Support provided across the
range of studies consisted of email, treatment platform chat, or
phone calls, or no support. The duration of treatment ranged
from 4 weeks [41,42] to 8 months [44], whereas the number of
intervention modules ranged from 5, offered to CYP only [43],

to 16, offered to both parents and CYP [40,54]. Tables 2 and 3
provide an overview of these findings.

Description of Studies Excluded From the Meta-analysis
Of the studies not eligible for inclusion in the meta-analysis
(n=7), the sample sizes ranged from 11 [52] to 4425 [47]. A
total of 5 studies implemented a form of iCBT and 2 studies
implemented iCBM, with treatment periods ranging from 6 [52]
to 20 weeks [47], whereas the number of modules ranged from
6 [52] to 20 [55]. All non-RCTs used a clinical measure of the
constructs of interest, either in a self-report format or through
clinical interviews, to establish their eligibility criteria, which
ranged from mild to moderate symptoms of depression or
anxiety to diagnosis of clinical symptoms. Most interventions
were website-based platforms, and 4 interventions provided
some form of support from a qualified or soon-to-be qualified
therapist, psychiatrist, or clinician. The aim of support was
mainly to offer feedback, motivation, or assistance with the
treatment content and consisted of email, webpage messaging,
and telephone calls, and 1 study provided face-to-face support
if needed. However, 3 non-RCTs were unsupported. The
majority of interventions were delivered to CYP, 2 studies
delivered the intervention to parents as well as CYP, and 1 of
these included a comparison condition delivering the
intervention to parents only [50].

Meta-analysis of Primary and Secondary Outcomes

Random-Effects Model for Anxiety
On the basis of 20 comparisons (across 15 studies), including
anxiety-focused interventions (n=8), depression-focused
interventions (n=3), and transdiagnostic interventions (n=4), a
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small effect on anxiety symptoms in favor of internet-delivered
treatment was detected (Hedges g=−0.25, 95% CI −0.38 to
−0.12; P<.001). Heterogeneity in the observed effect sizes

appeared moderate (Q19=32.42; P=.03; I2=41.4%), with the PI
crossing the zero line of no effect (95% PI −0.66 to 0.15). Model
diagnostics suggested one potential outlier [59] (CBT
group-treatment control arm). Excluding this study from the
analysis resulted in a reduction of heterogeneity, a moderate
effect estimate (Hedges g=−0.50, 95% CI −0.40 to −0.20;

P<.001; Q18=23.29; P=.18; I2=22.7%), and a narrower PI no
longer crossing zero (95% PI −0.41 to −0.19). Testing for
subgroup differences between anxiety-focused interventions,
depression-focused interventions, and transdiagnostic
interventions revealed significantly different effect estimates
by intervention focus (Q2=6.13; P=.046). Figure 2
[21,25,40-46,49,53,54,57-59] shows the meta-analysis outcomes
overall and by intervention focus.

Figure 2. Posttreatment standardized mean difference (Hedges g) between internet-delivered treatment and control groups for anxiety outcomes by
intervention focus [21,25,40-46,49,53,54,57-59]. CBT: cognitive behavioral therapy; GT: group treatment; iCBT-GEN: generic internet-delivered
cognitive behavioral therapy; iCBT-SAD: internet-delivered cognitive behavioral therapy for social anxiety disorder; NT: no treatment; PL: placebo;
PWT-iCBM: picture-word training internet-delivered cognitive bias modification; ST-iCBM: scenario training internet-delivered cognitive bias
modification; WL: wait-list.

Random-Effects Model for Depression
Drawing on 13 comparisons (across 10 studies) and assessing
depressive symptoms in the context of depression or low mood
interventions (n=4), anxiety-focused interventions (n=2), and
transdiagnostic interventions (n=4), a small effect bordering
significance and favoring internet-delivered treatment was
observed (Hedges g=−0.27, 95% CI −0.55 to 0.01; P=.06).
There was a high amount of heterogeneity (Q12=42.02; P<.001;

I2=71.4%), resulting in a wide PI spanning the zero line of no
effect (95% PI −1.27 to 0.73). The model diagnostics suggested
the absence of outliers. Subgroup analyses suggested that effect
sizes differed by intervention focus (Q2=7.75; P=.02), with
depression-focused interventions presenting with the largest
effect estimate (Hedges g=−0.68, 95% CI −1.10 to −0.27;
P=.001). Refer to Figure 3 [25,41-44,46,51,57-59] for further
details.
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Figure 3. Posttreatment standardized mean difference (Hedges g) between internet-delivered treatment and control groups for depression outcomes by
intervention focus [25,41-44,46,51,57-59]. GT: group treatment; NT: no treatment; PL: placebo; PWT-iCBM: picture-word training internet-delivered
cognitive bias modification; ST-iCBM: scenario training internet-delivered cognitive bias modification; WL: wait-list.

Random-Effects Model for Impaired Functioning
The overall effect of treatment on levels of functioning across
the 9 comparisons (7 studies) was moderate (Hedges g=0.52,
95% CI 0.24-0.80; P<.001). Heterogeneity was moderate to

high (Q8=23.27; P=.003; I2=65.6%), and the PI was wide (95%
PI −0.38 to 1.43). One potential outlier [40] was detected, whose
removal resulted in a smaller effect estimate (Hedges g=0.38,
95% CI 0.22-0.54; P<.001) but significantly improved

heterogeneity (Q7=9.25; P=.16; I2=29.6%, 95% PI 0.06-0.70).
Refer to Figure S1 in Multimedia Appendix 2
[21,40-45,53-55,57,59] for further details.

Random-Effects Model for Quality of Life
In terms of quality of life, outcomes across the 5 comparisons
(5 studies) detected no significant effect of treatment (Hedges

g=−0.01, 95% CI −0.23 to 0.21; P=.94). The I2 and Q value
metrics suggested little heterogeneity (Q4=4.70; P=.32;

I2=14.9%, 95% PI −0.41 to 0.39), and model diagnostics
suggested no outliers. Refer to Figure S2 in Multimedia
Appendix 2 for further details.

Meta-analysis of Follow-up Outcomes
For anxiety outcomes, pooling of 7 follow-up effect sizes (across
4 studies) revealed no significant effect (Hedges g=−0.17, 95%
CI −0.58 to 0.24; P=.42), with no heterogeneity or outliers

detected (Q6=0.70; P=.99; I2=0%, 95% PI −0.71 to 0.37). Refer
to Figure S3 in Multimedia Appendix 2 for further details. A
similar picture emerged for depression outcomes across 8
comparisons (5 studies). The effect estimate remained
insignificant (Hedges g=−0.18, 95% CI −0.39 to 0.03; P=.09),

heterogeneity was low (Q7=7.02; P=.43; I2=0.4%, 95% PI −0.61
to 0.25), and no outliers were detected. Refer to Figure S4 in
Multimedia Appendix 2 for further details.

Moderator Analyses
Moderator analyses suggested a relationship between the
percentage of a study’s sample that was identified as female
and the depression effect sizes observed in these studies
(F1,11=6.04; P=.03). Higher percentages of females in the study
were associated with larger between-group effect sizes for
depression outcomes (b=−0.03, SE=0.01), accounting for
33.93% of the observed heterogeneity. All other moderator
analyses were either insignificant (refer to Table S1 in
Multimedia Appendix 2) or not feasible owing to a limited
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number of studies falling into specific categories (ie, intervention
delivered to parents only, iCBM intervention, and face-to-face
treatment control group).

Quality of Studies

Risk of Bias
Following screening based on the criteria outlined in the CLEAR
NPT checklist, the methodological quality assessment ratings
were satisfactory across the included studies. The allocation
sequence generation was considered adequate in 88% (15/17)
of the studies; all studies provided clear descriptions of the
intervention administered, and all studies quantitatively assessed
participant adherence. All but one study [21] analyzed the
outcomes using an intention‐to‐treat principle. The
percentage of studies that adequately detailed their allocation
concealment method was 82% (14/17). Clear documentation
that care providers had appropriate experience or skill was given
in 82% (14/17) of the studies, whereas for 18% (3/17) of the
studies, this remained unclear.

As, by their nature, nonpharmacological trials and self‐report
outcome measures do not facilitate adequate blinding of
participants, care providers, or outcome assessors to treatment
allocation, this was often not feasible within the included studies.
Therefore, the associated checklist items had the lowest quality
ratings. Participants and care providers were blinded in only
18% (3/17) of the studies, with attempts made to blind outcome
assessors in 65% (11/17) of studies. To aid in minimizing the
risk of bias associated with inadequate blinding, subitems on
the CLEAR NPT assessed the following items: for studies in
which participants and care providers were not blinded, the
provision of all other treatments and care in each randomized
group were the same within 79% (11/14) of studies, and the
number of participants withdrawn or lost to follow-up was the
same in 71% (10/14) of studies. Where outcome assessors were
not blinded, none of the studies provided a clear description of
the specific methods used to avoid ascertainment bias, that is,
systematic differences in outcome assessment. Only 53% (9/17)
of studies adhered to the same follow-up schedule for
randomized groups, with discrepancies often related to the
provision of treatment to wait-list groups, perhaps owing to
ethical considerations regarding the withholding of treatment.
Refer to Figure S5 in Multimedia Appendix 2 for the quality
assessment ratings of the included studies.

Publication Bias
Neither funnel plots nor Egger tests suggested the presence of
any significant publication bias for anxiety (Egger funnel plot
asymmetry: t18=−0.29; P=.77) and depression outcomes
(t11=−0.96; P=.36). Refer to Figures S6A and S6B in Multimedia
Appendix 2 for further details. Owing to fewer studies
addressing functional impairment and quality of life, it was not
feasible to assess publication bias across these constructs.

Discussion

Principal Findings
The study sought to evaluate the state of published evidence
for the effectiveness of internet-delivered interventions in

treating symptoms of anxiety and depression in CYP compared
with control groups. We identified 23 studies of adequate quality
examining internet-delivered treatments for anxiety and/or
depression in CYP; only 16 of these were RCTs, and hence,
they were included in the meta-analysis. Across these controlled
comparisons, the anxiety posttreatment effect sizes were small
(Hedges g=0.3) and favored internet-delivered interventions.
Depression outcomes were mixed, with the overall effect
estimate based on anxiety-focused interventions,
depression-focused interventions, and transdiagnostic
interventions remaining insignificant. Among low mood and
depression-specific interventions, the effect estimate was
significant and large (Hedges g=0.7), but given the limited
number of studies (n=4) falling into this subgroup, this finding
should be considered preliminary. With regard to secondary
outcomes, internet-delivered interventions were associated with
moderate benefits (Hedges g=0.5) in overall levels of
functioning; however, no such effects were observed in terms
of quality-of-life outcomes. Among the few studies that included
controlled follow-up comparisons, there was no evidence for
the continuance of the effects of internet-delivered interventions
on anxiety and depression symptoms into follow-up.

Findings in the Context of Previous Reviews
The small to moderate effect sizes observed in this study are
somewhat smaller than those reported by previous meta-analyses
comparing technology-delivered interventions with wait-list
controls (Hedges g=0.45-0.68 [21,22]) but more in line with
equivalent comparisons against active control groups (Hedges
g=0.07-0.29 [21,22]). Overall, this study appears to paint a more
pessimistic picture of the potential of internet-delivered
interventions as they currently stand than previous
meta-analyses. Specifically, the nonsignificant improvements
in depression symptoms are in contrast with the previous
findings of depression treatment effects (Hedges g=0.56 [23]).
Heterogeneity was considerable within the posttreatment
analyses, especially regarding depression outcomes, which may
have been due to the wide range of interventions included in
the analyses on the one hand and the limited number of studies
including depression-focused interventions on the other hand.
Indeed, only the posttreatment anxiety outcome was assessed
over a comprehensive number of studies and thus might be
considered relatively robust (15 studies: 20 comparisons);
however, the effect size was so small that one could question
the clinical utility of the interventions. With regard to this, we
note our more focused inclusion criteria compared with previous
meta-analyses, in that we only included internet-delivered
interventions (rather than interventions delivered via any form
of technology) and we only included studies whose samples
presented with current depression or anxiety symptoms (rather
than studies that provided population-level or preventive
intervention to entire classes in schools, for example). Our
preliminary, yet inconclusive, evidence is reminiscent of the
review by Hollis et al [17], who noted several methodological
limitations preventing them from making definitive conclusions
regarding digital health interventions for CYP.

The results of this study do not encourage the effectiveness of
digitally delivered interventions for treating symptoms of
depression and anxiety in CYP, with robust and consistent
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between-group effect sizes being a common requirement for
the endorsement of digital health interventions in routine care
[60]. Furthermore, with little or no evidence for improving the
quality of life or having sustained benefits, their utility is
questionable. Considering the recent advances in building an
evidence base for internet-delivered interventions for anxiety
and depression in adults [20,61], this study highlights the lack
of equivalent interventions for CYP. Recent systematic reviews
and meta-analyses of digitally delivered CBT interventions for
depression and anxiety in adults have included over 40 robust
trials, yielding strong posttreatment and follow-up effects
[27,62]. In contrast, the results from this review and analysis
were weak in terms of the number of studies included, their
robustness, and the effect sizes we observed. This is surprising
given the advances in technology and research [63] as well as
the high rates of CYP engagement with technology [64].

Owing to the large heterogeneity in the format of
internet-delivered interventions, Vigerland et al [21] outline the
apparent uncertainty in the literature regarding the optimal way
to treat CYP and recommend consistency in reporting of
advantageous factors. Much of the literature supporting
internet-delivered interventions focuses on or provides evidence
for CBT-based options [21-23], with the evidence sparser for
other theoretical perspectives. There is great scope for future
research to explore what works for whom in digitally delivered
psychological interventions for CYP populations. Further
comparisons of specific types of interventions or particular aims
of the intervention may be informative and warranted once more
research involving this population has been conducted. Here,
exploring the differential effectiveness of parent versus
CYP-delivered interventions, treatment versus preventive
interventions, or between interventions with varying theoretical
bases may be particularly interesting. For example, Pennant et
al [65] found medium between-group effects for CBT-based
digital treatment of symptoms and small effect sizes for
prevention across general populations. In contrast, attentional
bias modification–based or cognitive bias modification–based
interventions were associated with smaller or no effects [22,65].

As mentioned above, increasing access to effective treatment
is imperative. It is essential that studies consider accessibility,
engagement, and cost-effectiveness. In line with best practice,
and as supported iCBT has been associated with larger effects
in adults than unsupported iCBT [66], the fact that most included
studies provided a form of support is encouraging. However,
no studies mentioned any specialist training in delivering
treatment to CYP, a potential inadequacy of care.

Furthermore, access of caregivers to the treatment content may
have a significant effect on outcomes [22,67], particularly for
internet-delivered interventions that involve less therapist
support and are usually completed at home, not at a clinic or
dedicated practice. Active parental participation was

incorporated into 9 of the included studies, whereas, in general,
behind the scenes parental involvement could encompass any
form of social support such as technical help and time
management. Parental support given to the CYP completing
the intervention may aid engagement with the programs,
understanding and learning of content, and the application of
new skills [68]. Although this was not a focus of our review,
with less than half of the studies directly addressing active
parental involvement through delivery to parents alone or in
conjunction with the CYP, future reviews should consider the
important influence of active and indirect parental involvement
on CYP outcomes following internet interventions.

Limitations
An important limitation of this review was the small number
of studies, particularly those assessing depression outcomes.
Thus, these results should be interpreted cautiously and may
not be a meaningful representation of the potential efficacy of
internet-delivered interventions in treating childhood depression
and anxiety. Similarly, owing to the limited number of studies,
we could not properly evaluate the influence of various
moderators, such as the effects of the type of intervention or
control group, on our findings. In addition, the effect sizes after
treatment were based on only 16 controlled studies, and we did
not report any within-group comparisons. Therefore, this
evidence must be considered as preliminary. In summary, more
high-quality studies analyzing the outcomes for CYP are
required. Future studies should include well-established outcome
assessments, ensure adequate blinding of participants and
outcome assessors when feasible, and balance differences
between the treatment and control groups such as posttreatment
assessment schedules. Perhaps, this would facilitate more
detailed analyses and better estimate specific intervention
effectiveness and factors associated with improved outcome
analyses, such as type or format of intervention and degree of
parental involvement.

Conclusions
Internet-delivered interventions have the potential to increase
the availability and access of CYP to much-needed mental health
support. These interventions may be effective, but
adult-associated effect sizes are often moderate to large and
comparable with face-to-face treatments. This study potentially
highlights an insufficient customization of the intervention for
CYP needs. This remains a largely underresearched area, and
it is important to investigate how interventions can effectively
reach and support CYP experiencing anxiety and depressive
symptoms. Identifying variables that benefit or interfere with
successful treatment outcomes will aid in adapting and
enhancing internet-delivered interventions. Future work on the
development and research of digital interventions for this
population should consider the value of incorporating caregivers
and other allied health professionals in the lives of CYP.
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Abstract

Background: Electronic discharge communication tools (EDCTs) are increasingly common in pediatric emergency departments
(EDs). These tools have been shown to improve patient-centered communication, support postdischarge care at home, and reduce
unnecessary return visits to the ED.

Objective: This study aimed to map and assess the evidence base for EDCTs used in pediatric EDs according to their
functionalities, intended purpose, implementation context features, and outcomes.

Methods: A systematic review was conducted following PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) procedures for identification, screening, and eligibility. A total of 7 databases (EBSCO, MEDLINE, CINAHL,
PsycINFO, EMBASE Scopus, and Web of Science) were searched for studies published between 1989 and 2021. Studies evaluating
discharge communication–related outcomes using electronic tools (eg, text messages, videos, and kiosks) in pediatric EDs were
included. In all, 2 researchers independently assessed the eligibility. Extracted data related to study identification, methodology,
settings and demographics, intervention features, outcome implementation features, and practice, policy, and research implications.
The Mixed Method Appraisal Tool was used to assess methodological quality. The synthesis of results involved structured
tabulation, vote counting, recoding into common metrics, inductive thematic analysis, descriptive statistics, and heat mapping.

Results: In total, 231 full-text articles and abstracts were screened for review inclusion with 49 reports (representing 55 unique
tools) included. In all, 70% (26/37) of the studies met at least three of five Mixed Method Appraisal Tool criteria. The most
common EDCTs were videos, text messages, kiosks, and phone calls. The time required to use the tools ranged from 120 seconds
to 80 minutes. The EDCTs were evaluated for numerous presenting conditions (eg, asthma, fracture, head injury, fever, and otitis
media) that required a range of at-home care needs after the ED visit. The most frequently measured outcomes were knowledge
acquisition, caregiver and patient beliefs and attitudes, and health service use. Unvalidated self-report measures were typically
used for measurement. Health care provider satisfaction or system-level impacts were infrequently measured in studies. The
directionality of primary outcomes pointed to positive effects for the primary measure (44/55, 80%) or no significant difference
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(10/55, 18%). Only one study reported negative findings, with an increase in return visits to the ED after receiving the intervention
compared with the control group.

Conclusions: This review is the first to map the broad literature of EDCTs used in pediatric EDs. The findings suggest a
promising evidence base, demonstrating that EDCTs have been successfully integrated across clinical contexts and deployed via
diverse technological modalities. Although caregiver and patient satisfaction with EDCTs is high, future research should use
robust trials using consistent measures of communication quality, clinician experience, cost-effectiveness, and health service use
to accumulate evidence regarding these outcomes.

Trial Registration: PROSPERO CRD42020157500; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=157500

(JMIR Pediatr Parent 2022;5(2):e36878)   doi:10.2196/36878

KEYWORDS

emergency department; medical informatics; pediatric; systematic review; patient discharge summaries; patient-centered care;
technology; hospital

Introduction

Communication Is the Cornerstone of Care
Pediatric patients account for a significant proportion of all
emergency department (ED) visits (30% in Canada, 31.2% in
Korea, and 20.5% in the United States) worldwide [1-3].
Previous studies and reports have reported that 58% [4] to 87%
[5] of all pediatric patients visited the ED with nonurgent
conditions, meaning that most are discharged home, where
parents are expected to manage care. As a result, the discussions
that ED staff have with patients and caregivers during the
discharge process regarding what care is required after the ED
visit is a significant component of safe practice and quality
patient care [6].

Discharge communication among providers, parents, and
patients occurs at multiple points during an ED visit, and sharing
information related to diagnosis, prognosis, treatment plans,
and anticipated course of illness is critical for successful
discharge to home [7]. Poor compliance and lack of
comprehension of discharge instructions have significant clinical
implications, including unfinished treatment, poor pain
management, and possible progression of illness [8]. Deficits
in the understanding of discharge instructions are widely
documented, ranging from 24% of discharged patients with
poor understanding of their follow-up plan [9] to patients
correctly identifying only 59% of instructions [10]. A review
of 48 pediatric ED studies determined that one-third to almost
half of the parents who had visited the ED with their child made
medication dosing errors during post-ED home care [11]. Within
the complex, fast-paced, highly stressful, and highly distracting
ED environment, discharge communication can take place in
as little as 76 seconds [12]. As a result, interventions to improve
communication must balance reliability with flexibility across
a wide range of clinical presentations.

Using Technology to Improve Discharge
Communication and Outcomes
The use of information and communication technologies (ICTs)
in pediatric health care institutions is increasing, as are the
multiple ways in which different technologies are deployed.
Examples include computer kiosks, mobile apps, interactive

television and whiteboards, electronic health records, videos,
websites, and automated email [13,14]. Technologies create
new opportunities for communication and dynamic updates for
patient care; however, at the same time, they can also introduce
potential interruptions or changes in clinical workflow [15].
Greater emphasis on the interplay between the social (people,
values, and norms), technical (tools, hardware, equipment, and
processes), and behavioral (routines, roles, and tasks) aspects
of ICT implementation in discharge communication could help
address some of these barriers [16].

To improve the experience of care during and after an ED visit,
there is a great need to better leverage the strengths of
technologies to support efficient discharge processes,
particularly for nonurgent visits. However, few guidelines exist
to support health care institutions in decision-making and
implementation planning for such technologies. Research on
the use of ICT to support care transitions is predicted to grow
rapidly as patients and clients increasingly demonstrate
preferences for the use of these technologies in their care [17].
Health care providers also recommend better and more
appropriate use of ICT to support families in self-managing
care at home [18]. Despite the communication challenges faced
by families during this transition point, strain on existing ED
resources and the lack of standards and implementation
guidelines remain significant barriers to the widespread adoption
of electronic discharge communication tools (EDCTs) in
pediatric emergency contexts. Systematic reviews of traditional
pediatric discharge communication practices [19,20] and
computer technology have enabled discharge communication
outside the ED [21]; however, to our knowledge, there has not
been a comprehensive review of how EDCTs are being used to
support and guide pediatric emergency discharge
communication.

Objectives and Research Questions
This systematic review of academic literature was undertaken
to identify, appraise, and describe the use of EDCTs in pediatric
emergency contexts. Our goal is to advance the knowledge base
for researchers, technology designers, and decision makers to
anticipate the impact of their communication tools on the clinical
workflow and the optimal ways to measure impact (Textbox
1).
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Textbox 1. Guiding questions for review.

Guiding questions

• What electronic discharge communication tools (EDCTs) have been evaluated in pediatric emergency departments and published following peer
review?

• What are the features and technical components of these EDCTs?

• What outcome measures are being examined in the EDCT literature?

• What is the methodological quality of the studies conducted on EDCTs?

• What are the implementation context features where EDCTs have been tested?

• What are the priority research, practice, and policy actions advocated by the authors of research in this domain?

Methods

Approach
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [22] guidelines were followed,
and the review was registered with PROSPERO
CRD42020157500.

Data Sources and Search Strategy
A comprehensive search strategy using the Population
Intervention Comparator Outcome framework [23] was
codeveloped with an experienced information technician. The
search terms were intentionally broad to capture the range of
EDCTs. Namely, terms included technology (eg, electronic
documents or web-forms, mobile device apps, patient portals,
notification systems, text messages or SMS notifications,
interactive online decision trees, automated email, and
video-based programs) used to prompt communication between
caregivers/patients and ED staff about the ED visit, and structure
the exchange of information, or promote compliance, education,
and information sharing about what care should be given after
the ED visit is over. A total of 7 databases of
publisher-controlled and gray literature were searched: EBSCO,
MEDLINE, CINAHL, PsycINFO, EMBASE, Scopus, and Web

of Science. The original search was conducted in June 2019 and
was updated in August 2021 to capture current evidence.
Records from 1989 onward were included. Multimedia
Appendix 1 presents the sample search strategy. The reference
lists of systematic reviews were also hand searched for primary
studies.

Eligibility Criteria
We used a broad definition of EDCTs, including tools that
prompt communication between caregivers and patients and
ED staff about the ED visit and structure the exchange of
information and promote compliance, education, and
information sharing about what care should be given after the
ED visit is over. We did not limit the search to a particular
technology modality; therefore, tools including web-based
documents or web-forms, mobile device apps, patient portals,
notification systems, text messages or SMS notifications,
interactive web-based decision trees, automated email, and video
were eligible for inclusion. As telephone-based services are part
of Health Canada’s definition of eHealth, we included
phone-based services under the broad umbrella of electronic
tools.

Specific inclusion and exclusion criteria are presented in
Textbox 2.

Textbox 2. Inclusion and exclusion criteria.

Inclusion criteria

• Electronic discharge communication tools (EDCTs) designed for use during or after an emergency department (ED) visit

• Studies or abstracts that reported outcome data on at least one communication process or communication outcome targeted by the EDCT

• Studies conducted in pediatric ED

• Studies conducted in mixed EDs (adult and pediatric) as long as the EDCT was evaluated in a pediatric population, and outcomes were disaggregated
for analysis

• Publicly available in English

Exclusion criteria

• Educational intervention given to the patient or caregiver while in the ED but not directly associated with the patient’s illness presentation (ie,
seatbelt safety)

• Tools only targeting health care provider to health care provider communication

• Reviews, meta-analyses, research protocols, editorials, and case-studies
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Screening
Eligibility screening was performed using Covidence software
[24]. All titles and abstracts were independently reviewed by 2
reviewers. Discrepancies regarding which studies to include in
full-text reviews were resolved by discussion. A total of 2
reviewers independently assessed the full texts for inclusion.
Discrepant classifications were resolved through discussion.

Data Abstraction and Analysis
The team co-designed and piloted a structured data extraction
table with the 4 studies included in the review. The form
included sections on (1) study identification (eg, type of
publication, year, and author); (2) methods (eg, study design
and sample size); (3) delivery settings and demographics (eg,
ED features, age, setting characteristics, and computer
proficiency); (4) intervention design (eg, design framework,
frequency and duration of interaction, tailoring, bidirectional
functionality, content, tool, and primary technology modality);
(5) outcomes (eg, category of outcome measure, follow-up
schedule, and covariates); (6) implementation (eg, who
administered the tool, training requirements, interoperability,
and cost); and (7) practice, policy, and research implications
extracted verbatim from the Discussion and Conclusions
sections.

As a broad range of study designs was anticipated, the Mixed
Method Appraisal Tool (MMAT) version 2018 [25] was used
for methodological quality appraisal. The MMAT is a 21-item
checklist with 5 research designs. Each research design category
has 5 quality criteria that are appraised as yes (criterion met)
and no (criterion not met or cannot tell [unable to tell from text
if the criterion was met or not]). Assigning studies an overall
numerical score based on the ratings of each criterion is
discouraged, because a single number cannot provide insight
into which aspects of the study methodology are problematic
[26]. Instead, we classified studies as having lower

methodological quality when they met ≤60% of the MMAT
criteria and higher quality when they met >60% of the criteria.
This is consistent with the approaches outlined by the MMAT
authors [26].

A reviewer independently conducted data extraction and MMAT
scoring for all full-text articles. As a quality assurance measure
and to ensure the accuracy of extraction, a second reviewer
independently extracted data from a randomly selected subset
of 30% of full texts. The results were compared, disagreements
were resolved by discussion, and additional instructions for the
coder were updated.

Following standard practices for systematic reviews–included
[27] studies were synthesized using several approaches: (1)
structured tabulation to explore patterns in the raw data, (2) vote
counting of raw data (eg, reporting on the frequency of different
study features), (3) constructing a common rubric to transform
qualitative data (eg, lengthy descriptions of the technology
features) into a simplified quantitative form (eg, assigning tools
to a modality category), (4) descriptive statistics (eg, range,
mean, or median) to summarize quantitative data, (5) inductive
thematic analysis (eg, hierarchical coding of verbatim policy,
practice, and research implications), and (6) visual depiction of
summary data.

Results

Overview
Duplicates were excluded, and 17,827 potential reports were
returned. Hand searching of the reference lists of 15 related
systematic reviews produced no additional eligible full-text
reports. A total of 231 reports were read in full, with 182
(78.8%) excluded, leaving 49 (21.2%) reports detailing findings
for 55 unique EDCTs. A flowchart of the process is shown in
Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for the systematic review detailing the
database searches, the number of abstracts screened, and the full texts retrieved. ED: emergency department.

Study Characteristics
The studies were conducted in 8 countries between 1989 and
2021 (Table 1). The intervention group sample size ranged from
3 to 4091 participants or events (median 95). In all, 62% (34/55)
of the studies were conducted in the United States and 20%
(11/55) in Canada, with the remainder (10/55, 18%) conducted

in Australia, China, the Netherlands, South Korea, and the
United Kingdom. A study did not report the country of origin.
Interventions were evaluated using randomized controlled trial
designs in 58% (32/55) of the cases, nonrandomized trials and
cohort designs in 22% (12/55), quantitative descriptive studies
in 20% (10/55), and mixed methods at an instance 2% (1/55).
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Table 1. Study characteristics and key features of the interventions.

DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

Kiosk

10 min-
utes

NRcDur-
ing

During Par-
entLink use, doc-
umentation of

Produced sum-
mary forms for
parent-provided

Empower pa-
tients to electroni-
cally provide his-

Mixed1072Otitis media,
urinary tract
infection, head

United
States

Fine et
al, 2009
[28]

pain significantlyhistorical data,torical aspects oftrauma, and
asthma improved (28%

incomplete [con-
suggestions
about how to

a child’s illness
and adhere to evi-
dence-based care trol] vs 15% [in-

tervention];
P=.003)

communicate
proactively with
staff, summary
of the child’s
symptoms,
medications,
and allergies
and listed a tai-
lored action
plan

NRNRDur-
ing

Tool was effec-
tive in improving
the asthma

General educa-
tion

Teach children
about asthma and
its management

Pedi-
atric

99AsthmaUnited
States

Joshi et
al, 2009
[29]

knowledge of
young patients
and those having
lower baseline
knowledge

NROnceDur-
ing

Cumulative use
was associated
with significantly

Measured pa-
tients’ severity
level and provid-

To determine the
impact of an elec-
tronic interven-

Mixed4191AsthmaUnited
States

Kearns
et al,
2021
[30] reduced odds of

hospital admis-
sion

ed most appro-
priate care path-
way based on
severity score

tion on asthma
care quality

and provided
prompts for
medication

7 minutesOnceDur-
ing

Long-term con-
troller medica-
tions prescribing

General educa-
tion

To (1) capture
from caregivers
the critical infor-

Pedi-
atric

31AsthmaUnited
States

Kwok-
et al,
2018
[31] and screening

provision for 19
mation necessary
to categorize the

of 31 (61%) andchild’s asthma
17 of 31 (55%)severity, (2) deliv-
patients, respec-
tively

er asthma educa-
tion to families,
and (3) generate
guideline-based
chronic asthma
management
plans for the
caregivers and
ED physicians

NRNRDur-
ing

Increase in num-
ber of families re-
ceiving education

General educa-
tion (signs and
symptoms)

To increase the
number of fami-
lies receiving
asthma education

Mixed3084AsthmaUnited
States

Morri-
son et
al, 2021
[32] and trending de-

crease in ED vis-
its

and impact on
workflow
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NRNRAfterNo significant
difference be-
tween the groups
at 3 months after
injury in postcon-
cussion symp-
toms and family
stress

Service recom-
mendations
linked to e-
mental health
care based on
needs. The re-
sources were
customized by
patient age, sex,
language, and
region.

To reduce
parental reports
of postconcussion
symptoms and
caregiver anxiety
and stress

Pedi-
atric

38Mind-brain in-
jury

CanadaMorten-
son et
al, 2016
[33]

NROnceDur-
ing

No significant
differences in
HEADS-ED
scores were
found between
participants in
phases 1 and 2

UnclearPatient’s per-
ceived feasibility
of using web-
based screening
tool to tailor dis-
charge recommen-
dations; newly
developed web-
based HEADS-

EDd screening
tool in the ED

Pedi-
atric

500Mental healthCanadaPolihro-
nis et al,
2016
[34]

12 min-
utes

NRAfterThe tool success-
fully links
patent’s data to
guideline recom-
mendations and
identifies data
critical to health
improvements

Summarizes
parent-provided
historical data,
likely ED-based
actions and sug-
gestions for the
parent on proac-
tive communica-
tion with ED
providers. Cre-
ates a provider-
centric form
summarizing
symptoms,
medications,
and allergies of
the child and
listing a tailored
plan for evalua-
tion and treat-
ment on a sin-
gle diagnostic
category.

Designed a pa-
tient-centered in-
terface to allow
parents of chil-
dren with asthma
to be active
providers of
knowledge and
promoters of
quality of care in
the ED and im-
prove quality of
care

Pedi-
atric

65AsthmaUnited
States

Porter et
al, 2004
[35]

NROnceDur-
ing

No significant
difference be-
tween those using
the tool and the
control group

Parent enters in-
formation and is
given a tailored
summary form
with all relevant
history, sugges-
tions for proac-
tive communica-
tion, and a tai-
lored list of sug-
gestions for the
provider to re-
view.

To determine im-
pact of interven-
tion on error rate
of ordering and
prescribing medi-
cation

Pedi-
atric

654Head trauma;
dysuria; ear
pain; respirato-
ry symptoms
and history of
asthma; fever

United
States

Porter et
al, 2008
[36]
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

2 minutesOnceDur-
ing

The mean (SD)
time to enter
medical history
data by the kiosk
group was signifi-
cantly shorter
than the standard
nurse triage
group (94.38, SD
38.61 vs 126.72,
SD 62.61 sec-
onds; P=.001)

Triage ques-
tions supple-
mented by au-
dio prompts in
the patient’s
language of
choice.

To determine if a
triage kiosk was
more efficient
than standard
nurse-initiated
triage and to
compare accura-
cy of medical his-
tory and patient
satisfaction

Pedi-
atric

200NonspecificUnited
States

Sinha et
al, 2014
[37]

NROnceAfterNo significant
differences in
partnership prob-
lems (ie, provider
and caregiver
communication)

Parents report
symptoms,
medications,
and unmet
needs.

To determine the
effect of Par-
entLink parent
satisfaction with
care experience
related to commu-
nication with
providers and
adoption of
guideline-en-
dorsed process of
care

Pedi-
atric

131NonspecificUnited
States

Porter et
al, 2006
[38]

Video

11 min-
utes

OnceDur-
ing

The fever video
had a significant
improvement in
several measures
relating to knowl-
edge and atti-
tudes about child-
hood fever

Methods for
taking a temper-
ature, outlines
indications for
contacting a
physician, re-
futes common
parental miscon-
ceptions about
fever, and identi-
fies methods to
comfort a
febrile child.

Improve knowl-
edge and ability
to home-manage
fever and reduce
medically unnec-
essary return ED
visits for febrile
episodes

Pedi-
atric

140FeverUnited
States

Baker et
al, 2009
[39]

NRNRDur-
ing

Median symptom
severity score in
the video group
was significantly
lower than the
paper group, even
after adjusting for
preintervention
AOM-SOS and
medication (anal-
gesics and antibi-
otics) given by
caregivers 8 (7-
13) vs 10 (7-13),
respectively,
P=.004

Instructions on
management of
pain and fever

To determine if
video discharge
instructions were
associated with
improved symp-
tomatology, func-
tional outcome,
and knowledge
compared with a
paper handout

Mixed77Otitis mediaCanadaBelisle
et al,
2019
[40]

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e36878 | p.121https://pediatrics.jmir.org/2022/2/e36878
(page number not for citation purposes)

Wozney et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

3 minutesNRDur-
ing

The group receiv-
ing video instruc-
tions scored sig-
nificantly higher
in the ED immedi-
ately following
intervention (12.2
vs 8.9) and 2 to 5
days after dis-
charge (11.1 vs
7.8)

General educa-
tion (eg, symp-
toms and treat-
ment options)

Improve caregiv-
er’s comprehen-
sion of their
child’s medical
condition, treat-
ment, and follow-
up and improve
caregiver satisfac-
tion

Pedi-
atric

107FeverUnited
States

Bloch
and
Bloch,
2013
[41]

3 minutesNRDur-
ing

Intervention
group scored sig-
nificantly higher
on knowledge
(12.2 vs 8.9) and
2 to 5 days after
discharge (11.1
vs 7.8)

General educa-
tion (eg, symp-
toms and treat-
ment options)

Improve caregiv-
er’s comprehen-
sion of their
child’s medical
condition, treat-
ment, and follow-
up and improve
caregiver satisfac-
tion

Pedi-
atric

68Vomiting or
diarrhea

United
States

Bloch
and
Bloch,
2013
[41]

3 minutesNRDur-
ing

Intervention
group video
scored significant-
ly higher on
knowledge (12.2
vs 8.9) and 2 to 5
days after dis-
charge (11.1 vs
7.8). At follow-
up, 29% of the
written and 42%
of the video
groups rated their
discharge instruc-
tions as being ex-
tremely helpful. I

General educa-
tion (eg, symp-
toms and treat-
ment options)

Improve caregiv-
er’s comprehen-
sion of their
child’s medical
condition, treat-
ment, and follow-
up and improve
caregiver satisfac-
tion

Pedi-
atric

41AsthmaUnited
States

Bloch
and
Bloch,
2013
[41]

6 minutesNRDur-
ing

Number of pa-
tients possessing
a written asthma
action plan in-
creased from 48
to 322

Covers signs
and symptoms
of asthma,
pathophysiolo-
gy, treatment
(including medi-
cations), how to
use the asthma
action plan, and
demonstration
of equipment
use.

Teach and rein-
force basic self-
management con-
cepts

Mixed590AsthmaUnited
States

Boy-
chuk et
al, 2006
[42]

Unlimit-
ed for
120 hours

NRAfterThe educational
video change in
knowledge
(delta)=2.3 (95%
CI 1.3-3.3);
P<.001

Recognition of
pain, over-the-
counter anal-
gesic dosing
and indications,
risks and safety
in children, and
signs and symp-
toms of pain
and misconcep-
tions about
treating pain in
children

To determine
whether an educa-
tional video was
superior to stan-
dard care for pain
management

Pedi-
atric

117FractureCanadaGolden-
Plotnik
et al,
2018
[43]
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NRUnlimit-
ed

AfterSignificant differ-
ence in written
over oral but
video was only
viewed by 5% of
participants

Link to web-
based video
with informa-
tion on anal-
gesics dosing
and scheduling
aimed to refute
prejudice about
use

Determine
whether written
and video instruc-
tions improve re-
call on how to
use analgesics

Mixed174NonspecificNether-
lands

Hoek et
al, 2020
[44]

6 minutesOnceDur-
ing

The intervention
group had a sig-
nificantly higher
percentage of
correct answers
on postinterven-
tion tests (median
99.89) than the
control (median
75.73) P<.001

Information
about diagnosis,
treatment, dis-
ease process,
and discharge
instruction.

Improve caregiv-
er’s comprehen-
sion of their
child’s diagnosis,
treatment, and
follow-up care

NR31Fever; head
injury

United
States

Ismail
et al,
2016
[45]

2 minutesOnceDur-
ing

Greater improve-
ment in knowl-
edge among inter-
vention group

General educa-
tion (eg, etiolo-
gy, treatment,
signs and symp-
toms, after-care,
and reasons to
reconsult)

To evaluate if the
video improved
comprehension;
patients were sat-
isfied and de-
creased return
visits

Mixed69GastroenteritisSpainJové-
Blanco
et al,
2021
[46]

NROnceDur-
ing

Video explana-
tion to parents
with children
with minor head
trauma in the pe-
diatric EDs can
increase the satis-
faction compared
with previous pa-
per-using instruc-
tion method

General educa-
tion

Improve dis-
charge instruction
comprehension

Pedi-
atric

95Head injurySouth
Korea

Jung et
al, 2011
[47]

NRNRDur-
ing

Admit rate for
visit was 24.1%
(26.7% video vs
21.4% paper),
P=.74

General infor-
mation

To determine
whether an educa-
tional video com-
pared with stan-
dard reading ma-
terials would bet-
ter educate pedi-
atric asthma pa-
tient’s primary
caregivers and if
this would affect
30-day ED revis-
its

Pedi-
atric

29AsthmaUnited
States

Ladde
et al,
2013
[48]
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NRDailyAfter
dis-
charge

Of all return vis-
its to the pediatric
ED within 72
hours of dis-
charge, 13% were
deemed unneces-
sary for patients
receiving hand-
written instruc-
tions compared
with 15% for pa-
tients receiving
computer-generat-
ed instructions
(P=.50)

Reminder to
take medication

To decrease the
number of medi-
cally unnecessary
return visits to
the pediatric ED

Pedi-
atric

587NonspecificUnited
States

Lawrence
et al,
2009
[49]

NRNRDur-
ing

Those in the
video arm were
more likely to
name the child’s
diagnosis correct-
ly than those in
the telephone arm
(85/114, 74.6%
vs 52/87 59.8%;
P=.03) and less
likely to report
frequent lapses in
interpreter use
(2/117, 1.7% vs
7/91, 7.7%;
P=.04)

UnclearTo determine the
effect of video in-
terpretation on
comprehension,
parent-reported
quality of commu-
nication, and fre-
quency of use of
professional
translators

Mixed142NonspecificUnited
States

Lion et
al, 2015
[50]

20 min-
utes

OnceDur-
ing

Improvement in
asthma knowl-
edge at follow-up
was realized for
low-literacy par-
ents regardless of
the type of educa-
tional interven-
tion (P<.001)

UnclearTo increase asth-
ma knowledge,
parental sense of
asthma control,
parental report of
asthma symp-
toms, and de-
crease health care
use

Pedi-
atric

53AsthmaUnited
States

Macy et
al, 2011
[51]

8 minutesOnceDur-
ing

Education of the
patient’s caregiv-
er improved their
understanding by
84% and signifi-
cantly decreased
their time for
symptom recogni-
tion and ED pre-
sentation

Discussion and
recommenda-
tion for symp-
tom manage-
ment and activi-
ty participation.
Families provid-
ed with addition-
al web links and
education

To decrease the
time to recognize
fever-neutropenia
to reduce ed vis-
its

Mixed32OncologyUnited
King-
dom

Mian et
al, 2016
[52]

NRNRDur-
ing

Significantly
more parents pro-
vided at least one
dose of pain med-
ication to their
children after
watching the edu-
cational video:
96% vs 80% (dif-
ference 16%,
95% CI 7.8%-
31.3%)

General educa-
tion

To evaluate the
effectiveness of a
6-minute instruc-
tional video for
parents that tar-
gets common
misconceptions
about home pain
management

Pedi-
atric

59PainUnited
States

Stevens
et al,
2012
[53]
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

3 to 5
minutes

OnceDur-
ing

Both groups
showed improve-
ment but video
group had statisti-
cally more recall

The videos de-
scribed symp-
toms associated
with the diagno-
sis, treatment of
the symptoms
expected illness
duration, and
when to seek
further medical
care.

To determine if
the intervention
improved knowl-
edge about diag-
nosis, treatment,
illness duration,
and when to seek
further medical
care

Pedi-
atric

41Gastroenteri-
tis; bronchioli-
tis; fever

United
States

Wood et
al, 2017
[54]

5 minutesOnceDur-
ing

Video group
achieved signifi-
cantly higher
scores on the
posttest survey
than the standard
care group, partic-
ularly regarding
treatment and
when to seek fur-
ther medical care

Information on
child’s diagno-
sis, treatment
illness duration,
and when to
seek further
care

To determine if
adding a video
component to
standard care im-
proved knowl-
edge acquisition

Pedi-
atric

75Fever; gas-
troenteritis;
bronchiolitis

United
States

Wood et
al, 2020
[55]

12 min-
utes

OnceDur-
ing

Intervention par-
ticipants were
more likely to en-
dorse beliefs
about the benefits
of follow-up than
controls

General educa-
tion on What is
asthma? How
can asthma be
controlled?
What are the
benefits of con-
trolling asthma?

To determine if
the intervention
would address
beliefs and barri-
ers to follow-up
asthma care
among inner-city
families

Pedi-
atric

217AsthmaUnited
States

Zorc et
al, 2009
[56]

Phone

NROnceAfterIn all, 93% of
parents found
that after the fol-
low-up call, they
had an improved
understanding of
their child’s ill-
ness or injury

General educa-
tion (eg, symp-
toms and treat-
ment options)

Increase parental
understanding of
ED discharge in-
structions so that
parents can suc-
cessfully and
safely manage
their child’s care
at home

Pedi-
atric

630NonspecificUnited
States

Bucaro
and
Black,
2014
[57]

NROnceAfterNo significant
difference be-
tween groups on
frequency of fill-
ing prescriptions

Reminders to
fill their pre-
scriptions, to
call regular
physicians, and
to follow any
other instruc-
tions document-
ed on the dis-
charge sheet

Improve parental
compliance with
primary care fol-
low-up

Pedi-
atric

133Pneumonia;
croup, asthma;
bronchiolitis;
vomiting;
fever

United
States

Chande
and Ex-
um,
1994
[58]
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NRUp to
10 trials
in differ-
ence
hours

AfterThe outcome
measure was
found to be in
contrary to our
hypothesis. We
found return vis-
its to the ED in
24 (14%) of the
children in the
study group com-
pared with only
14 (7%) in the
control group
(P<.03)

Information
about the
child’s medical
condition after
discharge and
community fol-
low-up and re-
sponding to par-
ents’ questions

To examine
whether a follow-
up telephone call
by a non–health
care provider
from the ED
within 24 hours
after a child’s
discharge can re-
duce the rate of
returning to the
ED within 72
hours

Pedi-
atric

171NonspecificCanadaGold-
man et
al, 2014
[59]

NROnceDur-
ing

Participants who
received the inter-
vention were
much more likely
than control par-
ticipants to com-
ply with a follow-
up referral ap-
pointment

Health Belief
Model phone
intervention

To evaluate 2
clinical nursing
interventions de-
signed to increase
compliance with
follow-up care
referrals for pa-
tients

Pedi-
atric

14Otitis mediaUnited
States

Jones et
al, 1989
[60]

NROnceAfterParticipants who
received the inter-
vention were
much more likely
than control par-
ticipants to com-
ply with a follow-
up referral ap-
pointment

Health Belief
Model phone
intervention

To evaluate 2
clinical nursing
intervention de-
signed to increase
compliance with
follow-up care
referrals for pa-
tients

NR12Otitis mediaUnited
States

Jones et
al, 1989
[60]

NROnceAfterIntervention
group children
were significantly
more likely than
controls to pos-
sess (87.5% vs
72.3%; P=.002) a
written action
plan

Asthma severity
information.
Educational
topics on self-
management.
Collected infor-
mation about
barriers to opti-
mal care and
engaged ED
staff in select-
ing recommend-
ed preventive
medications
with an option
to print

To improve asth-
ma management
and control

Pedi-
atric

136AsthmaAus-
tralia

Khan et
al, 2004
[61]

NRTwiceAfterSignificantly dif-
ferent between
intervention and
control groups on
improvement of
the condition and
ED visit within
30 days

Assessment of
symptoms and
decision on
management
options.

To determine if
ED nurse follow-
up (via phone
call) helped to
change health
outcome and
health care use

Pedi-
atric

395Fever, respira-
tory, or gas-
trointestinal
condition

ChinaWong et
al, 2004
[62]

Web-based
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NRUnlimit-
ed

AfterSignificant im-
provement in
symptoms over
the 4-week pro-
gram (adolescent:
P<.001; parent
P=.004)

Symptom and
activity monitor-
ing to promote
self-manage-
ment. Education-
al modules that
provided antici-
patory guidance
and techniques
to effectively
manage these
consequences
using cognitive
reframing, relax-
ation training,
and problem
solving.

Promote concus-
sion recovery for
adolescents
through educa-
tion and training
in self-manage-
ment and effec-
tive coping

Pedi-
atric

13Mild traumat-
ic brain injury

United
States

Bab-
cock et
al, 2017
[63]

NRNRAfter186 (61%) par-
ents accessed the
internet-system
after mean 94
hours (range 1
minute-611
hours) after post-
ing

Access to the
participant’s
culture results
using a unique
ID and pass-
word

To determine
whether the inter-
net could be used
to report informa-
tion on bacterial
cultures taken in
the pediatric ED
and whether par-
ents would use
the tool to gain
access to person-
alized culture re-
sults

Pedi-
atric

303NonspecificCanadaGold-
man et
al, 2005
[64]

NRNRDur-
ing

Mean pretest to
immediate
posttest gain
score of 3.5 (SD
4.1); P<.001

Computer-auto-
mated feedback
regarding child-
hood fever

To determine if
web-based inter-
ventions improve
recognition and
management of
fever at home,
leading to de-
creased parental
anxiety and possi-
bly fewer unnec-
essary ED visits
by measuring
knowledge acqui-
sition and satisfac-
tion

Pedi-
atric

77FeverCanadaHart et
al, 2019
[65]

Computer-based

NRNRDur-
ing

No statistically
significant differ-
ence

Pharmacologi-
cal and nonphar-
macological
fever manage-
ment practices,
the correct way
to measure a
child’s body
temperature,
and general
knowledge
about fever

Evaluate the im-
pact of a health
literacy–modified
fever education
program on par-
ents or carers’
fever knowledge,
anticipated fever
management
practices, and ED
or primary care
presentations

Mixed95FeverAus-
tralia

Alqudah,
2014
[66]
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NRNRDur-
ing

No statistically
significant differ-
ence

Pharmacologi-
cal and nonphar-
macological
fever manage-
ment practices,
the correct way
to measure a
child’s body
temperature,
and general
knowledge
about fever

Evaluate the im-
pact of a health
literacy–modified
fever education
program on par-
ents or carers’
fever knowledge,
anticipated fever
management
practices, and ED
or primary care
presentations

Mixed3FeverAus-
tralia

Alqudah,
2014
[66]

NRAs
many
times as
they
liked

AfterFactors motivat-
ing participation
included the need
to be in the ED,
parental involve-
ment in the pro-
cess, and effec-
tive use of tech-
nology. Barriers
identified were
fatigue of child,
unavailability of
parent, and ED
visit during un-
covered educator
hours

General educa-
tion

Improve effective-
ness and reten-
tion of asthma
education for
children

Pedi-
atric

27AsthmaUnited
States

Fernan-
dez et
al, 2011
[67]

Unlimit-
ed for
120 hours

NRAfterThe web-based
module group
showed change in
knowledge
(delta)=1.6 (95%
CI 0.5-2.6);
P=.002

General educa-
tion

To determine
whether a web-
based module
was superior to
standard care for
pain management
at home

Pedi-
atric

111FractureCanadaGolden-
Plotnik
et al,
2018
[43]

NRNRDur-
ing

Mean pretest to
immediate
posttest gain
score of 3.5 (4.2);
P<.001

Computer-auto-
mated feedback
regarding child-
hood fever
(noninteractive)

To determine if
web-based inter-
ventions improve
recognition and
management of
fever at home,
leading to de-
creased parental
anxiety and possi-
bly fewer unnec-
essary ED visits

Pedi-
atric

79FeverCanadaHart et
al, 2019
[65]

Text message or SMS

NROnceDur-
ing

The confidence
level to prevent
asthma episodes
and keep them
from getting
worse was signifi-
cantly higher in
the intervention
group at 14 days
after intervention

The interven-
tion includes
universal and
tailored content,
and the educa-
tor has the flexi-
bility to navi-
gate the content
based on the in-
dividual child
or family’s
needs and ques-
tions

To determine if
the intervention
group would
have greater con-
fidence to man-
age asthma, bet-
ter primary care
follow-up, and
fewer return ED
visits

NR263AsthmaUnited
States

Sockrid-
er et al,
2006
[68]
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NRTwiceAfterThe mean num-
ber of analgesia
doses adminis-
tered to the text
message group
was 7.6 vs 4.9 in
the control group,
P≤.05

Reminders to
improve pain
management

To investigate
whether text mes-
sage reminders
improve pain
management in
children after dis-
charge from the
ED

NR25FractureUnited
King-
dom

Boyd et
al, 2013
[69]

NRMulti-
ple

AfterResults did not
demonstrate a
significant differ-
ence of means
(paired 2-tailed t
test) between pre-
and post–text
messaging re-
minders

General dis-
charge informa-
tion

To demonstrate
that text message
medication re-
minders will im-
prove medication
adherence

Mixed7AsthmaUnited
States

Lee et
al, 2011
[70]

NRMulti-
ple

AfterText messaging
is a feasible and
effective tool for
increasing outpa-
tient follow-up
after an ED visit
at a primary care
facility, potential-
ly relieving an
additional burden
on the ED and
promoting health
care in the transi-
tion to adult
medicine

ReminderEncouraging pri-
mary care follow-
up at an adoles-
cent health center
for adolescents
who sought care
at an ED

Pedi-
atric

2440NonspecificUnited
States

Malbon
et al,
2013
[71]

NROnceAfterThere was no sig-
nificant differ-
ence in follow-up
in the standard
treatment group
19/62 (31%) vs
the text message
intervention
group 16/61
(26%); P=.69

Reminder to
follow-up with
their primary
care physician

To evaluate
whether a text
message re-
minder to the
caregivers after
discharge from
the pediatric ED
improved compli-
ance with recom-
mended primary
care follow-up

Pedi-
atric

61NonspecificUnited
States

Salinero,
2012
[72]

NR4 timesAfterPatients receiving
text message re-
minders were
more likely to
follow up com-
pared with the
standard group
(relative risk=2.9,
95% CI 1.4-5.7)

Personalized re-
minders to
schedule and at-
tend a follow-
up appointment.

To test the effect
of text message
reminders on
adolescent pa-
tients’ adherence
to the recom-
mended post-ED
follow-up care

Mixed47Pelvic inflam-
matory dis-
ease

United
States

Wolff et
al, 2016
[73]

Game-based
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DurationFrequen-
cy

Tim-
ing

Main outcomesFocusPurposeEDbSample

size, Na
ConditionCountryModule and

author and
year

NROnceDur-
ing

Intervention par-
ticipants showed
significant im-
provements in
pain control and
both patient and
parent satisfac-
tion

Patients and
parents view
videos selected
by the triage
nurse in re-
sponse to per-
ceived patient
need. The
videos reframe
and demystify
injury and ill-
ness, inform
about medical
procedures and
processes, and
introduce impor-
tant coping
skills. Permits
individual mes-
saging to both
parents and pa-
tients via iPads.

To determine lev-
el of patient satis-
faction and im-
provement in
pain management
and treatment
while in the ED

Pedi-
atric

533NonspecificCanadaTaylor
et al,
2015
[74]

Mobile app

NRNRAfterReported im-
provement in
asthma manage-
ment was greater
in AsthmaCare
participants (79%
vs 62%; P=.06),
along with
greater daily use
of treatment
plans (29% vs.
11%; P=.01)

Reminders for
medication and
electronic treat-
ment plan

Effect of re-
minders on health
care use

NR98AsthmaNRFa-
rooqui
et al,
2017
[75]

Photo documentation

NRNRDuringNo differ-
ences in
the rate for
completion
and thera-
peutic fail-
ure were
observed
(71% vs
68% and
<1% for
both, re-
spectively)

Educational mes-
sages on basic
facts about asth-
ma, roles of medi-
cations, and pa-
tient skills.

To determine
whether photo
documentation
improves the du-
ration of outpa-
tient treatment

Pediatric244Skin in-
fection

CanadaLund et al,
2013 [76]

aThe sample size of only the group exposed to the intervention.
bED: emergency department.
cNR: not reported.
dHEADS-ED: Home, Education, Activities, Drugs, Suicidality, Emotions, and Discharge.

MMAT appraisal was conducted on 37 studies (abstracts for
which no full text was available were excluded). Overall, the
methodological quality of the studies varied: 30% (11/37) of
the studies met ≤60% of the criteria outlined by the MMAT
(lower methodological quality), and 70% (26/37) of the studies
met >60% of the criteria (higher methodological quality) [26].

Reviewers’ ratings for each methodological quality criterion
are presented in Multimedia Appendix 2
[28-33,35-39,41-46,49-51,54-66,68,73,74,76].

Nature of Interventions
In all, 40% (22/55) of the EDCTs were designed for use after
the ED visit when families were already at home. Over half of
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the tools targeted a single specific presenting complaint with
asthma (15/55, 27%), fever (6/55, 11%), fractures (3/55, 6%),
head injury (3/55, 6%), and otitis media (3/55, 6%), being the
most frequently cited. In 13% (7/55) of studies, the discharge
communication tool could be used for multiple presenting
complaints (eg, patients with fever or head injury). Finally, 20%
(11/55) of the tools were designed for use in any illness
presentation. Some tools focused on a specific task or a narrow
aspect of discharge communication (eg, medication regimen
adherence) [70], whereas other tools were multi-focused with
broader education, symptom monitoring, and care plan elements
[57].

Features and Technical Components of EDCTs
EDCTs support diverse communication pathways among
providers, caregivers, patients, and other health care providers.
Most of the tools targeted communication between an ED health
care provider and the parent and caregiver (52/55, 94%) with a
smaller number (6/55, 11%) also including communication with
other health care providers (eg, family physician). One study
of the Texas Emergency Department Asthma Surveillance
programs [68] was an example of a multi-audience tool. In the
study, the ED asthma educator used a Microsoft-based platform
to individualize an education package for the caregiver (eg,
select relevant video segments, figures and graphs, skills
training, and motivational messaging). The plan was shared and
discussed with the caregiver and then printed and sent to the
family’s primary care provider. The educator could also generate
and print a child-friendly version of the tailored written action
plan for elementary-aged patients.

The primary technology modalities used were videos (20/55,
36%), kiosks (11/55, 20%), telephone calls (7/55, 13%), and
text messaging (6/55, 11%). The remaining modalities include
a wide range of offline stand-alone interactive computer
programs and web platforms, mobile apps, interactive websites,
and web-based games with multiple audiovisual elements. For
example, a private multiplayer web-based social game called
iCare Adventure uses noncompetitive gameplay for children
and parents to explore therapeutic content on an iPad while in
the ED waiting room [74].

A density map of presenting complaints targeted and primary
technology modalities used to deliver the EDCT was generated
(Tables S1 and S2 in Multimedia Appendix 3). Darker cells
indicate where the largest number of studies have been
conducted. Kiosks and videos are the 2 predominant modalities
used as stand-alone asthma tools. Videos are the most studied
modality for less frequently investigated medical concerns (eg,
vomiting and pain).

There was substantial heterogeneity between the studies in the
amount of time and effort required by patients and caregivers
to use the tool. In all, 42% (23/55) of the tools required
single-use, time-limited interaction (eg, watched one video once
or entered information at a kiosk once). A total of 3 studies
involved web platforms or interactive computer programs with
larger educational components that allowed unlimited access
(4/34, 12%). A program provided access over a specified
follow-up period (eg, 120 hours after discharge) [43]. Multiple
planned interactions with a tool typically involved a level of

automation (eg, 2 automated text messages twice a week for 4
weeks) [51] or chronologically sequenced learning modules.
All text messaging interventions were automated 1-way
messaging of reminders with no option of bidirectional texting
directly with a health care provider.

Duration of contact with the EDCT (ie, how long it took end
users to complete expected tasks) was reported in 31% (17/55)
of the studies. Among those that did report, the length of contact
time for the patient and caregiver ranged from 110 seconds at
a kiosk [37] to 80 minutes (where the latter measured the time
to complete 5 web-based modules) [63]. A total of 44% (7/17)
of those reporting took ≤5 minutes to complete, (4/17, 24%)
took between 6 and 10 minutes, and 24% (4/17) took >10
minutes. The interventions (3/17, 18%) that took >12 minutes
all specifically targeted asthma. Caregiver perceptions of
frequency and duration were explored in a study of 243 families
where 66 (27.2%) reported they had “had no time” to enter the
website [64].

Reported Impacts of EDCTs
There was significant heterogeneity in the reported purpose of
deploying the EDCT and subsequent outcomes measured. Tables
S1 and S2 in Multimedia Appendix 4 show a matrix of the
outcomes measured per mode of EDCT technology delivered.
The intensity of shading shows clusters (darker) versus gaps
(lighter) within technologies.

The highest density of evidence was from the study of changes
in caregiver knowledge after using video-based EDCTs (16
instances). The most assessed category of outcomes overall
(including both primary and secondary) were caregiver and
patient beliefs and attitudes (eg, confidence in managing at
home and level of anxiety; 36 instances), knowledge and
comprehension (eg, knowledge about symptoms; 29 instances),
and health service use (eg, return visits to the ED; 25 instances).
Health care provider satisfaction (5 instances) and cost (2
instances) were the least measured outcomes across all
technology modalities.

Text message interventions were more likely to be measured
on behavioral outcomes (eg, compliance with medication regime
and follow-up appointment with primary care), whereas studies
of video-based EDCTs typically used knowledge
acquisition–related measures. A randomized controlled trial by
Jové-Blanco et al [46] comparing video discharge instructions
and standard verbal instructions for gastroenteritis showed that
49% of the intervention group and 18.6% of the control group
answered all knowledge acquisition questions correctly (P<.001)
[48]. However, EDCTs with greater technological sophistication
do not always produce better knowledge outcomes. In a
head-to-head trial of a static website and an interactive website
about fever, Hart et al [65] unexpectedly found that both
modalities had comparable knowledge gains, although caregivers
were significantly more satisfied with the interactive version.

Measurement of knowledge outcomes occurred largely through
bespoke self-report questionnaires that assessed general
knowledge about symptoms, treatment options, medication and
activity adherence, and service use [29]. Validated measures
were most often cited in relation to patient health status (eg,
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Faces Pain Scale-Revised and Acute Otitis Media Severity of
Symptom) and functioning (ie, Acute Asthma Behavioral
Capability Questionnaire; Integrated Therapeutics Group Child
Asthma Short Form). No adverse events were reported in any
of these studies.

The directionality of primary outcomes pointed to positive
effects for the primary measure (44/55, 80%) or no significant
difference (10/55, 18%). Only one study reported negative
findings with an increase in return visits to the ED after
receiving the intervention compared with the control group
(P<.03) [59]. Often, the authors reported positive primary
outcomes but mixed results across secondary measures. For
example, a study by Baker et al [39] showed increases in
parental knowledge about fever but no significant differences
in subsequent health service use. Similarly, a study by Zorc [56]
showed significant changes in beliefs about the benefits of
follow-up, but medication adherence and ED visits did not
significantly differ at follow-up. Parental satisfaction with
EDCTs was consistently moderate to high across all technology
modalities. However, in some instances, respondents in the
control condition, typically verbal or written discharge
instructions, also reported high levels of satisfaction [46].

The ability to tailor information via the EDCT was particularly
well received by parents when this option was available. For
example, tailored mental health recommendations facilitated
by electronic screening were perceived by parents as more useful
(69.5% vs 30.5%) and more practical (71.8% vs 28.2%)
compared with verbal instructions [34]. In another study, 23%
of caregivers’ free text entries in the EDCT provided data that
were not contained in the official electronic medical record [35].

Patient age [72], gender of caregiver [62], and parent education
level [37] were the most frequently reported, statistically
significant covariates vis-à-vis the primary outcome. Of note,
only 3 studies reported collecting baseline data on the level of
computer proficiency [28] and none in the past decade.

Implementation Context Features Where EDCTs Have
Been Used
In all, 42% (23/55) of the EDCTs were evaluated in at least one
explicitly stated urban community. The majority were evaluated
in pediatric EDs (37/55, 67%) or mixed ED settings (ie, both
adult and pediatric populations, 13/55, 24%); the rest provided
insufficient information to decide. English, Spanish, and Dutch
were the only languages in which interventions were available
and evaluated. No other culturally specific content or culturally
adaptive features of the interventions were reported. The
interventions (12/55, 22%) included baseline racial demographic
factors, with most participants being African American or White.
The EDCTs were most frequently delivered by research study
staff (19/55, 35%), ED health care providers (15/55, 27%), or
by computers or automated systems (8/55, 15%).

Very few interventions (3/55, 6%) were tested in studies that
provided remuneration to participants. No studies have reported
interoperability with other ICT systems within the ED or
hospitals. The authors of 2 interventions (2/55, 4%) briefly
mentioned sustainability planning, and 33% (18/55) stated that
due consideration should be given to the technical performance

of the system. Only 2 interventions (2/55, 4%) included details
of direct costs; a study reported that per patient mean cost for
videos was US $61 (SD US $36) versus US $31 (SD US $20)
for phones; P<.001 [50]. Another study estimated the operating
budget for the tool in “hundreds of dollars” [74]. Privacy and
security were highlighted as necessary implementation context
considerations in 11% (6/55) of the instances.

Research, Practice, and Policy Implications Reported
by Primary Authors
No direct policy or decision-making implications were explicitly
discussed by the primary authors. High-level theming of future
research directions posited by primary authors revealed three
main directions: (1) more diverse sample populations that reflect
a wider view of social determinants of health, (2) triangulation
of data from sources outside of self-report (eg, primary care
follow-up data and hospital administrative data), and (3)
isolating the functionality of the tools to test the impact on
engagement (eg, increase uptake). Practically, the authors
generally endorsed the use of EDCTs, even if statistically
significant findings were mixed or effect sizes were modest.

Discussion

Principal Findings
The primary aim of this review was to describe and assess
evidence based on the EDCTs used in pediatric EDs. The
evidence base included the principal features, measured
outcomes, and implication contexts under which they were
studied.

First, an important and promising finding of this review is that
although the contextual complexity of EDs poses communicative
challenges and risks, there is a growing body of evidence that
EDCTS have been successfully integrated. Our review found
at least five studies in each of the 4 major modality categories
(ie, videos, kiosks, text messaging, and phone-based) and
numerous presenting complaints that are among the most
frequent reasons for ED visits reported in the literature (asthma,
fever, head injury, fractures, pain, mental health, etc) [77]. In
other words, there is growing breadth and depth of positive
evidence.

The evidence base for newer technology modalities, kiosks,
text messaging, and web-based games and apps is still maturing,
with just under a third of all studies being conducted in the last
5 years. It is vital to monitor this evidence base as more
automated and ambient technologies (eg, chat bots, wearables,
and artificial intelligence) become normalized. Indeed, they are
already being studied in ED communication for the adult
population [78,79]. Our review adds to this dialogue by showing
that technological sophistication may not necessarily result in
clinically meaningful improvements. Videos and phone calls
also produced positive changes. In fact, most EDCTs in this
review reported at least some positive impact in 80% of cases
and no adverse events. There is a need to move beyond
demonstrating the known value of EDCTs and focus on how to
optimize which tools for which populations, under which
circumstances. This is supported by caregivers reporting high
satisfaction regardless of modality or presenting concern. In
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other words, the technology modality used to support caregivers
in discharge planning may be less crucial than the opportunity
to engage with them.

Second, our review has shown that EDCTs have been largely
assessed for changes in cognition (knowledge and beliefs),
meaning that we know less about their impact on behavior
(adherence to treatment regime), therapeutic relationship
(caregiver-provider rapport), or service use. Our findings and
overall methodological quality appraisal results point to the
need for future meta-analyses to explore the magnitude and
direction of effects within specific modalities. Such an analysis
could support decision makers in determining which tools are
fit for different primary purposes, reduction in nonurgent visits
versus improved experiences of care. Caregivers may be highly
satisfied with a tool and experience improved recall and
comprehension, but this may not translate into fewer nonurgent
visits to the ED in the future. The lack of description provided
in primary studies related to implementation and environmental
context features contributes to gaps in knowledge about the
sustainability of these tools, particularly the costs associated
with setup and ongoing operations.

Another significant finding of this review is that outcomes
related to caregiver-provider rapport were understudied across
all modalities and for all clinical presentations. This gap in the
evidence is exacerbated by the few studies that assessed health
care provider satisfaction with the tools in general. Assessment
of their expectations and experiences with EDCTs may help
illuminate barriers and enablers to uptake, as well as predictors
of positive and negative client experiences. Recent work on
quality pediatric communication in EDs [80] points to gaps in
measures of care experiences in a complex, high-stress
environment. Given the diverse implementation contexts for
EDCTS found in this review, the development of quality
standards for discharge communication should consider the role
of electronic tools, which will undoubtedly continue to mediate
and moderate care experiences in the future.

Finally, research designs for EDCTs need to incorporate
mediators and moderators related to technological functions
(eg, synchronicity, automation, visual aesthetics, and
gamification) to determine the minimum viable functions. Our
findings suggest that technological complexity is not necessarily
better. Augmenting quantitative self-report survey data with
observational, qualitative, and administrative data could help
make sense of the aspects of these tools (ie, mechanisms of
change) that drive the desired change. For example, there was
some evidence that tools take >5 minutes for caregivers to
complete (impact on workflow) and were administered by
research team members rather than health care providers, giving
us a slightly skewed view of real-world implementation. More

work is needed to understand how the duration and frequency
of interaction with tools (both provider and caregiver or patient)
could be optimized for busy ED workflows without adding
unnecessary complexity to the clinical pathways. Our review
showed that over half of the EDCTs studied to date target a
specific illness, but this could add burden to health care
providers and caregivers who might then need to access and
navigate a different tool for each presenting condition.

The findings of this review point to several high-impact future
lines of research to address gaps, including (1) exploring how
computer-mediated communication in pediatric emergency
contexts impacts the quality dimensions of communication and
rapport building (eg, sense of shared decision-making, empathy,
and active listening), (2) meta-analysis of data subsets within
a particular presenting illness field (eg, asthma) or within a
single well-defined technology modality (eg, kiosks), (3)
developing taxonomies for electronic discharge communication
interventions that capture complex person-to-person and
person-to-technology pathways, and (4) use of A or B (ie, split)
testing to isolate specific technology features that may be driving
outcomes so that the least intensive interventions necessary to
achieve desired outcomes are pursued by developers and
decision makers.

Limitations
This study had several limitations. First, mapping the broad
relevant literature parameters of EDCTs lacked clarity before
the literature search. Terms related to technology, digital
devices, and electronic communication were ambiguous in the
literature, and our criteria were subject to significant revision
during the initial search execution. This resulted in a
less-focused initial title and abstract screening process. Second,
the review included several study abstracts that were not
published as full articles, limiting what data could be abstracted
and fully analyzed. Finally, no taxonomies for presenting
complaints have been validated or published in the literature;
likewise, no taxonomies for electronic communication
modalities are commonly used. Thus, our heat-map
categorizations were based more on practical considerations
and, to a lesser degree, on theoretically validated distinctions.

Conclusions
To our knowledge, there has been no other systematic review
of the broad evidence related to EDCTs in pediatric EDs. The
findings demonstrate that a range of technologies are being used
successfully. However, it is essential that trials of emerging
technologies use robust and consistent measures of quality
patient-provider communication, clinician experience,
cost-effectiveness, and health service use so that influential
evidence on these outcomes can accumulate.
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Abstract

Background: Falls represent the most common mechanism of injury requiring hospitalization among children under 12 months,
and they commonly result in traumatic brain injury. Epidemiological studies exploring infant falls demonstrate the experienced
burden, but they lack contextual information vital to the development of preventive interventions.

Objective: The objective of this study was to examine contextual information for falls involving children under 12 months,
using online parenting discussion forums.

Methods: Online parenting forums provide an unobtrusive rich data source for collecting detailed information about fall events.
Relevant discussions related to fall incidents were identified and downloaded using site-specific Google Search queries and a
programming script. A qualitative descriptive approach was used to analyze the incidents and categorize contextual information
into “precursor events” and “influencing factors” for infant falls.

Results: We identified 461 infant fall incidents. Common fall mechanisms included falls from furniture, falls when being carried
or supported by someone, falls from baby products, and falls on the same level. Across the spectrum of fall mechanisms, common
precursor events were infant rolling off, infant being alone on furniture, product misuse, caretaker falling asleep while holding
the infant, and caretaker tripping/slipping while carrying the infant. Common influencing factors were infant’s rapid motor
development, lapses in caretaker attention, and trip hazards.

Conclusions: The findings define targets for interventions to prevent infant falls and suggest that the most viable intervention
approach may be to target parental behavior change. Online forums can provide rich information critical for preventive interventions
aimed at changing behavior.

(JMIR Pediatr Parent 2022;5(2):e34413)   doi:10.2196/34413

KEYWORDS

falls; child injury; online discussion forums

Introduction

Injury is a widespread and longstanding public health problem
[1]. Globally, injury is a leading cause of child death and

hospitalization [2]. In Australia, children aged ≤1 year have the
highest death rates due to injury among all children and have
an injury hospitalization rate of 799/100,000 [3]. Falls are the
most common injury mechanism in this age group, accounting
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for almost 50% of all injury hospitalizations [3]. The head is
the most commonly injured body region [4], and head injury
often leads to traumatic brain injury [5]. Similar incidences and
injury patterns occur in North America and Europe [6-8].
Traumatic brain injury in early childhood is associated with
negative behavioral and cognitive outcomes [9]. While a number
of interventions are effective for minimizing fall risk in older
children [10,11], there is a paucity of evidence on effective
countermeasures for falls in children aged ≤1 year.

Epidemiologic studies examining infant falls usually rely on
administrative data or medical records [4,12,13]. These provide
details on burden and demographic risk factors, but generally
have limited or incomplete contextual information. This is a
barrier for effective intervention development [14].

The best source of detailed contextual information about infant
falls is from someone who witnessed the fall. However,
one-on-one discussions and large sample sizes can be time and
resource intensive. In other areas, the internet and social media
have been successfully used to collect data from people
participating in online forum discussions [15]. These also
provide naturalistic data, as discussions occur without researcher
involvement [16].

We aimed to use online parenting discussion forums to
unobtrusively and cost-effectively access contextual information
about infant falls in order to identify specific modifiable factors
to prevent infant falls.

Methods

Study Design
This was an infodemiology study [17,18] using online forum
data following a qualitative descriptive approach [19], with the
objective of providing comprehensive summaries of infant fall
events [20]. The data source was social media forums within
an online parenting website. This website was established in
1999, and is owned and operated by a large Australian media
company. The website provides parenting information in the
form of media articles and forums across a broad range of
noninjury/prevention-related child care topics. After obtaining
required approvals, site-specific Google Search queries were
chosen to identify URLs potentially containing discussions
related to infant falls. These were “baby fall,” “baby falling,”
“baby fell,” “baby dropped,” and “baby hurt.” This approach
allowed us to search all forums on this website without placing
too much burden on the website. A researcher manually screened
the resulting URL list and compiled a list of possible URLs
containing infant fall discussions. The discussions from the
selected list of web pages were downloaded using a program
script written in Python, and any potentially identifiable data

were removed. The search was completed on June 22, 2019,
and included discussion threads ranging from November 22,
2003, to June 05, 2016.

Deidentified data were coded using QSR Nvivo12 software to
identify relevant incidents. Relevant incidents were those
relating to falls or near falls involving children aged ≤1 year,
with age identified from words in the post (post specifically
mentioned age as ≤1 year, post was from a forum specific to
children aged 0-6 months or 6-12 months, fall incident was
mentioned in response to other incidents describing infant falls
where age 0-12 months was mentioned, or post had the words
“newborn” or “tiny baby”).

Ethics Approval
The study obtained approval from the website owner and ethics
approval from the Human Research Ethics Committee
(HC180295).

Analysis
Fall mechanisms were categorized, described, and mapped to
ICD-10-AM (International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision, Australian
Modification) codes (Table 1). Two researchers (NC and SLS)
independently coded the data using fall mechanism categories
(Table 1), and any differences were discussed until agreement
was reached.

Coding of contextual information followed an inductive
open-coding approach. Emerging codes were then classified as
“precursor events” or “influencing factors.”

In recognition that fall circumstances are often multilayered,
we separated likely causative factors leading to the fall into
“precursor events” and other “influencing factors.” A “precursor
event” was defined as the event/state immediately before the
fall according to the literal meaning in the discussion. An
“influencing factor” was defined as a factor that impacted the
“precursor event” and therefore the occurrence of the fall.

One researcher (NC) compiled a list of factors categorized as
a “precursor event” or “influencing factor,” and a second
researcher (SLS) independently recoded the data using this list,
adding new factors as necessary. The two researchers (NC and
SLS) compared analyses, and differences were discussed until
agreement was reached. To address potential coder biases and
preconceptions, coding for each fall mechanism by each
researcher was undertaken separately, and consensus was
reached before moving onto coding for the next mechanism.

NC (a PhD student) and SLS (an undergraduate medical student)
were supervised by senior co-authors experienced in injury and
qualitative research methods.
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Table 1. Fall mechanism categories derived from ICD-10-AM (International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision, Australian Modification) codes.

ICD-10-AM code descriptionICD-10-AMa codesFall mechanism category and detailed fall mechanism

Fall from household furniture

Fall from bedW06Fall from bed

Fall from chairW07Fall from chair/couch/sofa

Fall from other furnitureW08Fall from changing table

Fall from other furnitureW08Fall from table

Fall from baby products

Fall from other furnitureW08Fall from baby capsules

Fall from other furnitureW08Fall from bassinet/cot

Fall from other furnitureW08Fall from bouncer

Fall from other furnitureW08Fall from child car restraints

Fall from other furnitureW08Fall from high chair/baby chair

Fall from other furnitureW08Fall from portable baby bed

Fall from other furnitureW08Fall from pram/stroller

Fall while being carried or supported by someone

Fall while being carried or supported by other personsW04Fall when carried or supported by mother

Fall while being carried or supported by other personsW04Fall when carried or supported by an unidentifiable parent

Fall while being carried or supported by other personsW04Fall when carried or supported by an adult caretaker (other than
parents)

Fall while being carried or supported by other personsW04Fall when carried or supported by an older child

Fall on the same level

Fall on the same level from slipping, tripping, and
stumbling

W01Fall while infant standing

Other fall on the same levelW18Fall while infant sitting

Other fall on the same levelW18Fall while infant crawling

Other fall on the same level due to collision with or
pushing by another person

W03Other fall on the same level due to collision

Fall related to stairs

Fall on and from stairs and stepsW10Fall on and from stairs and steps

Fall between levels

Fall from, out of, or through building or structureW13Fall from, out of, or through building or structure

Fall from a cliffW15Fall from a cliff

Other fall from one level to anotherW17Other fall from one level to another

Other fall mechanisms

Fall from other furnitureW08Fall from mats or playmats

Fall involving playground equipmentW09Fall involving play equipment

Fall from other furnitureW08Fall from shopping cart

aICD-10-AM: International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification.

Results

Overview
Figure 1 summarizes the data capture process. Overall, 461
infant fall incidents were identified. The most common fall
mechanisms were a fall from household furniture (270/461,

58.6%), followed by falls when being carried or supported by
someone (92/461, 20.0%) and falls from baby products (55/461,
11.9%). Other mechanisms were a fall on the same level
(28/461, 6.1%), fall on/from stairs (6/461, 1.3%), falls from
playmats (4/461, 0.9%), falls from playground equipment
(3/461, 0.7%), and falls from shopping carts (3/461, 0.7%).
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Figure 1. Outcome of the data capturing process.

Falls From Household Furniture
Detailed mechanisms for these falls included falls from beds
(146/270, 54.1%), falls from changing tables (64/270, 23.7%),
falls from chairs/couches/sofas (53/270, 19.6%), and falls from
tables (6/270, 2.2%).

The most commonly mentioned precursor event for falls from
household furniture was the infant rolling off the furniture. This
was mentioned 71 times within the 270 (26.3%) incidents related
to furniture falls.

Yesterday, my little girl (6 months) rolled off the bed.
She hit her head … and screamed…

The next most common precursor event involved the infant
being left alone on furniture. This was mentioned in 36 of the
270 (13.3%) incidents.

I left her in the middle of my queen bed while I did
some vacuuming. As I got closer to my bedroom … I
could hear her screaming like she had never screamed
before. I ran into the room and she was on the floor!...

The caretaker falling asleep with the baby was another common
precursor event mentioned in 18 of the 270 (6.7%) incidents.

… I was breastfeeding him in bed and fell asleep with
him on the outside. I woke up when I heard a thud
and DS[Darling Son] cry.

It was clear from some discussions that the precursor event of
falling asleep was often unintentional (10/18, 55.6%), while in
others (6/18, 33.3%), it was intentional or the intention was
unclear (2/18, 11.1%).

For falls from changing tables, a common precursor event was
the caretaker reaching for something while nappy changing,
which was identified 11 times within the 64 (17.2%) incidents
related to changing tables.

I was changing him on the change table and all I did
was slip one hand down to put the dirty nappy in the

nappy bag and ds launched himself off the table and
landed on the floor…

Unexpected or rapid changes in motor development were the
most common influencing factor for furniture falls. This was
identified in 29 of the 270 (10.7%) incidents.

…when he had started to move - I underestimated
how quick he was. I used to put him on our bed every
morning while I got dressed. One day I turned my
back for a second and in that time he pulled himself
to the edge then did a somersault off the bed!

Lapse in caretaker attention was the next most common
influencing factor for this fall mechanism. This was identified
in 20 of the 270 (7.4%) incidents.

… honestly it can happen in the blink of an eye.
Similar to your DH[Darling Husband] I looked away
from the table, and over he went. It was so quick.

Falls When Carried or Supported by Someone
This was the second most common fall mechanism in the
discussions (n=92). It commonly occurred when the child was
carried or supported by the mother (39/92, 42.4%) or an
unidentified parent (28/92, 30.4%), and when the child was
carried or supported by an adult caretaker other than a parent
(19/92, 20.7%), and less commonly occurred when the child
was carried or supported by an older child (6/92, 6.5%).

The most common precursor for these falls was the caretaker
tripping/slipping (29/92, 31.5%), and this often occurred on
steps or stairs (18/29, 62.1%). Other environmental hazards
within the home included slippery floors (2/29, 6.9%) and
tripping hazards on the floor (2/29, 6.9%).

I dropped my ds[Darling Son] he was about 10
months tripped up the back step he screamed has a
giant bump…

Another common precursor event for these falls was the person
falling asleep while holding the infant (15/92, 16.3%), and it
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often involved the child’s mother falling asleep while feeding
(12/15, 80.0%).

…I was totally sleep deprived. Sat down on the couch
to nurse her, dozed off with her snuggled low in my
arms (basically in my lap) our dog barked and I
startled awake – DD[Darling Daughter] rolled down
my legs and into the coffee table.

A tired caretaker is also a likely influencing factor; however,
this was only overtly discussed a few times (2/15, 13.3%). Other
commonly discussed influencing factors were inadequate
holding of the child (13/92, 14.1%) and sudden unexpected
movements of the child (9/92, 9.8%).

A friend was holding my 6 month old he had his arm
tucked behind his legs holding him up right and wasn't
supporting his back when my LO flung back… (“LO”
is assumed to mean “little one”)

Falls From Baby Products
The most common products involved in falls were
strollers/prams (21/55, 38.2%), bouncers (10/55, 18.2%), high
chairs/baby chairs (9/55, 16.4%), and bassinets/cots (9/55,
16.4%). Less commonly involved were baby carriers/capsules
(3/55, 5.5%), child car restraints (2/55, 3.6%), and portable baby
beds (1/55, 1.8%).

Improper use was the most common precursor event for these
falls. Nonuse or misuse of safety straps was common for many
baby products (particularly for strollers/prams, baby bouncers,
high chairs/baby chairs, child car restraints, and baby
capsules/carriers). This was identified 30 times (55%, 15 cases
of not using safety straps and 15 cases of apparent improper use
of straps).

Mother of the Year here took a few months to really
internalise the 'strap them in' message and
DD[Darling Daughter]1 bounced herself face first
out of the bouncer at about three months old

Some other critical misuses identified were placing the cot base
in a high position (5/55, 9.1%), unbalancing the stroller (3/55,
5.5%), not using strollers’ brakes (2/55, 3.6%), and carrying
the infant while in the bouncer/portable baby bed (2/55, 3.6%).
Falls from cots were influenced by rapid motor development.

…like he was balancing on the cot railing with his
feet off the mattress suspended in mid air by piece of
wood…

Falls on the Same Level
Four different types of falls on the same level were mentioned.
Most common was a fall while the infant was standing (20/28,
71.4%). Falls while the infant was sitting, falls while the infant
was crawling, and other falls due to being pushed by another
person had less than five identified incidents each.

The common influencing factor for this fall mechanism was the
child’s underdeveloped motor skills (13/28, 46.4%).

…Now that both are easily pulling themselves up
against furniture to stand, they are doing it every
chance they get. The only problem is once they get
up they don't know how to get down or lose
concentration, let go and fall...a lot of the time hitting
their heads on the tiles.

Falls on or From Stairs
Falls on or from stairs were relatively uncommon (5 incidents).
Two influencing factors for these were lapses in caretaker
attention (3/5, 60%) and unexpected/rapid infant motor
development (2/5, 40%).

DS[Darling Son]1 fell down the stairs - all 8 of them
- when he was 4 months. He was lying at one end of
the room, well away from the stairs. I put a book on
the shelf and when I turned back he'd rolled across
the room and I was just in time to see him disappear,
screaming, down the stair well.

Other Fall Mechanisms
Other mechanisms identified from the discussions included falls
from playground equipment and falls from shopping carts (10
incidents). The precursor event related to falls from shopping
carts was the nonuse of straps (3/10, 30%).

…didn't bother to buckle him in. I was squatting down
looking at something when I heard a horrible splat
sound, he had fallen face first onto the cement floor…

There were no detailed discussions to identify causal factors
for falls from playground equipment. Moreover, there were no
discussions of falls between levels (eg, from windows).

Table 2 summarizes the precursor events and influencing factors
for different fall mechanisms.
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Table 2. Precursor events and influencing factors for fall mechanisms.

Influencing factorsPrecursor eventsFall mechanism

Fall from furniture •• Unexpected or rapid changes in infant motor developmentInfant rolling off
• •Infant being left alone on furniture Lapse in caretaker attention
• Caretaker falling asleep with the infant
• Reaching for something while nappy changing

Fall when carried or support-
ed by someone

•• Inadequate holding of the childCaretaker tripping or slipping
• •Caretaker falling asleep while holding the infant Sudden unexpected movement of the infant

N/AaFall from baby products • Nonuse or misuse of safety straps
• Other product misuses

N/AFall on the same level • Infant’s underdeveloped motor skills

N/AFall on or from stairs • Lapse in caretaker attention
• Unexpected or rapid changes in infant motor development

aN/A: not applicable.

Discussion

Principal Findings
Using a novel qualitative infodemiological approach, we
identified contexts requiring intervention to prevent the majority
of falls in children aged ≤1 year. These are leaving children
alone on furniture; misuse of changing tables and baby products,
such as strollers, baby carriers, and baby chairs; slips and trips;
and falling asleep while holding an infant. Furthermore, the
richness of our data set allowed us to link specific influencing
factors to specific precursor events for these fall types to identify
modifiable factors to prevent falls. These include awareness of
unexpected or rapid changes in infant motor development, lapses
in caretaker attention, importance of adequately holding the
infant, and reducing hazards in the home environment.

Our findings align well with previously reported studies using
administrative data sets and medical record reviews [4,7,21-24].
While some identified factors have been noted previously
[8,25-27], this is the first study to provide this level of detail
and identify targets for intervention across the spectrum of fall
mechanisms among infants of this age.

Contextual information like that identified in this work also
provides evidence and adds to studies that have previously
suggested using age appropriate injury prevention education
for caregivers and home safety assessment programs [7,25].
However, currently, evidence on any effective interventions
specifically targeting falls in this age group is rare [28]. Given
the magnitude and potential impact of this problem [5,8], there
is an urgent need to fill this gap and identify effective targeted
interventions. The outcomes of this work identify modifiable
factors to be targeted in these interventions.

While our findings demonstrate that no single intervention
would prevent all falls, there is a common need for
parent/caretaker behavioral change across many of the fall
mechanisms. It therefore appears that a behavior change or an
active approach, rather than a purely structural change (passive
approach) [29], may be effective to prevent infant falls. For
example, having a safety harness in a changing table is

structural, whereas the parent using it appropriately is
behavioral. However, behavior change is complex, and
educational interventions alone usually do not enact behaviors
[30]. Behavior change interventions are more likely to be
successful when based on behavior theory [31]. One challenge
to developing effective behavior change interventions is that
they require detailed understanding of the problem and target
behaviors [32]. This study fills some of these gaps by identifying
behaviors that need to change, and the circumstances where
these behaviors occur.

In this study, we did not attempt to examine data by infant age,
but it is clear from our earlier work [4] that risks of falls by
different mechanisms change as children move through
development stages in the first year of life. Different behavior
change interventions are likely needed at different times through
this year, and this needs to align with the infant’s developmental
stage [6]. For example it is possible that the risk of a mother
falling asleep while feeding is higher in early infancy and the
risk of rolling off the bed is higher when the infant is gaining
motor skills. Intervening at a single time point may also not be
as effective as a targeted strategy to deliver behavior change
interventions at different time points over time.

Falls among infants on the same level were discussed relatively
less commonly by parents in the forums than other falls, yet it
is likely that these occur very commonly. As noted by Adolph
and Berger [33], falling is a common by-product of children
learning to walk, with children at this stage of development
falling within the vicinity of 17 times an hour and 100 times a
day. As we previously observed [4], these types of falls very
rarely occur among infants hospitalized from a fall (<2% of all
patients), and therefore, this lack of severity might underpin the
lack of discussion in the forums. As these falls occur while
children are developing an important motor skill, it would not
be appropriate to try to prevent the activities leading to these.
Instead, injury risk might best be reduced by paying attention
to the environment in which children are placed during this
stage of development.

Another aspect warranting further environmental examination
is the adequacy of both the design and instructions of common
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baby products used by parents of infants. Previous work
identifying the influence of design defects in products, such as
prams/strollers [34,35] and high chairs [34,36], has led to
stringent safety standards. However, these types of design
standards do not address how the products are ultimately used.
Improper use was the most common precursor event for falls
involving baby products. This aligns with findings from previous
studies reporting the high frequency of nonuse or incorrect use
of safety straps in products, such as prams/strollers and high
chairs [34,37]. In other areas (eg, child car seats), it is becoming
increasingly clear that correct use requires attention to how
usage information is communicated and the interaction between
the user and the inherent design of the product, in addition to
the general behavior of the user [38]. Extension of this approach
to all baby products may be useful.

Limitations
As this is a qualitative study based on ad hoc reporting of fall
types, the frequencies of different fall types reported might not
reflect true frequencies. Frequencies are reported to give readers
some idea of the commonality, mechanisms, influencing factors,
and precursor events. While care was taken when extracting
data to exclude conversations in separate threads related to the
same fall incident, this could not be guaranteed. Therefore, this
might also impact the accuracy of specific fall mechanisms
reported. However, common fall mechanisms aligned with other
epidemiological and medical record reviews [4,7,22]. Data used
were from a convenience sample of online forum discussion
participants, and the sample characteristics are unknown. The
characteristics of parents who use social media are not well

understood in terms of how well they represent the full
population of parents or their behavior in discussing injury
events of different severities online. Therefore, this may
introduce some unknown bias, and the findings may not be
generalizable to the whole population or the full spectrum of
injury severity. Data were also collected across a broad time
period of 13 years, and there is no way to know the specific
geographical locations of those contributing to the forum from
which the data were collected. While to our knowledge, there
were no significant changes in health promotion/injury
prevention programs across this time period, it is possible that
contributors were exposed to different types of health promotion
activities depending on location. This may have also introduced
some unmeasured bias in the data. Another limitation was the
use of a single search engine. Different search engines may
provide different result sets. Moreover, this kind of study
collects data from a static point in time, which precludes active
engagement with caregivers and the ability to clarify or obtain
additional details from parents compared with other qualitative
approaches. However, the unobtrusive nature of this data
collection method may be a strength, as it provides data
extracted from naturalistic parental discussions.

Conclusion
This study used infant fall incidents from online parenting
forums to identify precursor events and influencing factors
leading to different fall types among infants aged ≤1 year. This
information is paramount to the development of preventive
interventions, particularly given that the findings suggest
targeting parental behavior.
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Abstract

Background: Asthma is the most common chronic pediatric disease. Despite existing tools to manage asthma, 40%-55% of
children with asthma experience uncontrolled asthma. Serious games (SGs) represent a novel approach in promoting asthma
education and self-management for children.

Objective: In this qualitative pilot study with an embedded quantitative design, we aim to use focus groups and questionnaires
to describe the perceived role of SGs in different aspects of asthma self-management by children and their parents. These aspects
include asthma perception and knowledge, the impact of asthma and barriers to asthma self-management, and the support system
for asthma self-management.

Methods: A total of 5 children with asthma and their parents were invited to participate in an organized gaming session. Children
and their parents completed a pregaming questionnaire on their medical history and asthma knowledge. Then, they were invited
to test 4 original SG prototypes, after which the children answered a postgaming questionnaire on their asthma knowledge and
perception of the SGs. Children and their parents subsequently participated in parallel focus groups, which were video-recorded
or audio-recorded, transcribed verbatim, and analyzed by reaching consensus among members of the research team.

Results: The mean age of the children was 10.3 (SD 1.5) years, with 20% (1/5) of the children being male. Qualitative data
from the transcripts were coded into three separate domains: asthma self-management perception and knowledge, impact of
asthma and barriers to asthma self-management, and support system for asthma self-management. We specifically explored the
perceived roles of SGs within each domain. A key takeaway message was identified for each of these three domains: heterogeneity
of asthma knowledge and the ability of SGs to encourage knowledge transfer through games, consequences and limitations of
asthma and the ability of SGs to allow for identification and management of real-life situations through games, and insufficient
support system and the ability of SGs to encourage playing with others for support and shared knowledge.
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Conclusions: Our pilot study explored the role of SGs in the self-management of asthma, as perceived by children and their
parents. Our findings support the acceptability of SGs in asthma education and self-management in pediatrics and the necessity
for future development in this field.

(JMIR Pediatr Parent 2022;5(2):e33389)   doi:10.2196/33389
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asthma; pediatrics; video games; eHealth; self-management

Introduction

Background
Asthma, characterized by persistent inflammation of the airways
and limited airflow, is the most common chronic pediatric
disease [1]. Worldwide, studies consistently report that
40%-55% of children with asthma have uncontrolled asthma in
the outpatient setting, defined as frequent respiratory symptoms
and exacerbations necessitating the use of health care resources
[2-5]. Poor asthma control can compromise long-term lung
function and increase the risk of exacerbations, which can
negatively impact a child’s school attendance and participation
in activities [1,6-8] and is a major source of stress for families
[1,9]. Despite existing tools for asthma education such as
targeted one-on-one asthma education and accessible web-based
or paper-based asthma information, inefficient knowledge
transfer and poor adherence to prescribed therapy remain major
contributors to poor asthma control [1,6,10,11]. For example,
studies have shown that 50% of adults and children who are
prescribed daily asthma medications do not take them as
recommended [1,11], and that poor inhaler technique is
common, with 70%-80% of patients using their inhalers
incorrectly [1]. A study focused on patients’ perspective of
taking long-term asthma controller medication reported various
barriers to adherence, including doubts about asthma severity,
fears of addiction, and limited knowledge [12]. Thus, novel
tools for asthma education are needed to ensure adequate asthma
control.

Recent and ongoing technological advances have allowed the
field of eHealth to prosper and evolve greatly. eHealth is the
cost-effective use of technologies in various fields of health,
namely, health education [13]. The Chronic Care Model (CCM),
a validated framework for the management of patients with
chronic illnesses, has recently been updated to create the eHealth
Enhanced CCM (eCCM), highlighting the potential benefits
that eHealth could have for such individuals [14]. This model
presents various components that impact the management of
chronic illnesses and eHealth applications, which can contribute
to improved outcomes [14]. More precisely, it has been
suggested that eHealth tools such as telehealth and mobile health
apps could be useful in self-management support, resulting in
more engaged and empowered patients [14]. Moreover, the
eCCM includes eHealth education as a component of chronic
care management, stressing the importance of health literacy
and eHealth training [14]. The eCCM equally highlights the
importance of having a patient who is informed and activated
and a practice team that is prepared and proactive, with
productive interactions between these 2 actors also contributing
to improved outcomes [14].

Previous Work
Although the eCCM focuses primarily on implementing eHealth
tools, such as the use of internet for health information, mobile
health, telehealth, electronic health records, and personal health
records or patient portals, it does not specifically address the
role of serious games (SGs) in health or in chronic illness
management [14]. SGs are games that impart real-world skills,
knowledge, or attitudes to the user through play [15]. They
represent a cost-effective, accessible, unique, and dynamic
approach within eHealth that can positively impact
self-management support and eHealth education, which are 2
key components of the eCCM, through behavioral change by
including simulation and management activities [14-17]. A
systematic review of SGs in asthma education revealed that
90% of the children enjoyed them, and that most studies resulted
in an improvement in the child’s knowledge about asthma [15].
However, the vast majority of the games failed to demonstrate
significant changes in behavior and clinical outcomes, possibly
because they were directed uniquely at the children and not their
parents, despite parents playing a major role in the treatment of
their children [15]. Furthermore, previous SGs mainly focused
on information delivery rather than simulations of real-life
scenarios, which are more likely to promote behavior change.
Finally, existing SGs are web-based or desktop computer–based,
and their effectiveness may be enhanced if they are designed
as accessible mobile apps [15].

Goal of This Study
To evaluate how SGs can be integrated into the asthma
management framework, we build and, in a pilot study, evaluate
4 open-source SG prototypes focused on recognizing asthma
triggers and symptoms and taking appropriate actions during
an asthma exacerbation or as part of control therapy. These
games are developed to provide a novel technique to promote
self-management of asthma in children, which is a key aspect
of asthma action plans [2,18]. They represent different game
genres, including action, role-playing, and simulation. This pilot
study aims to evaluate the acceptability of these original
bilingual (French and English) SGs and gather feedback to guide
their further development by answering the following research
question: what are the children’s and their parents’ perceptions
of the role of SGs in the self-management of asthma?

Methods

Study Design
A qualitative study with a consensual qualitative design and an
embedded quantitative component [19,20] was used to explore
children’s and their parents’ perceptions of the role of SGs in
different aspects of asthma self-management. We chose a
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consensual qualitative design because we emphasized the
agreement between members during focus groups and within
the research team.

Ethics Approval
The study obtained approval from the research ethics boards of
both the Sainte-Justine University Health Center (ID 2019-2075)
and Concordia University (ID 30010592). Written informed
consent and written or oral assent for the study and
video-recording or audio-recording were obtained from the
parents and from age-appropriate children, respectively.

Participants and Procedures
We identified children meeting the eligibility criteria through
the appointment list and a chart review, and the families were
consecutively approached by the research team for participation
at the respiratory medicine or asthma clinic of the Sainte-Justine
University Health Center, a pediatric tertiary care center.
Participants were children (1) aged 8-12 years inclusively, (2)
with physician-diagnosed asthma, (3) who were on a daily
controller medication, and (4) who understood and spoke French
or English. We excluded children with chronic conditions other
than asthma, such as cardiovascular diseases, neuromuscular
disorders, or developmental delay. The targeted sample size of
this study was 14 children and one of each of their parents. This
sample size was based on previous literature using focus groups
in pediatric health care research [21-23], the expertise of a
qualitative researcher on our team, and the feasibility for a pilot
study.

Data Collection

Pregame and Postgame Questionnaires
Pregaming questionnaires were administered separately to both
parents and children upon their arrival. The pregaming
questionnaires included questions pertaining to previous gaming
experience (children), asthma perception (children and parents),
asthma knowledge (children and parents), and medical history
of the child (parents). Asthma perception was assessed through
several statements about general health and asthma using a
Likert scale. The asthma knowledge questionnaire included true
or false questions pertaining to their knowledge of asthma. In
the absence of a well-validated asthma knowledge questionnaire,
we created this questionnaire based on previous studies [24-26].
The final questions were reviewed by the research team, which
includes a pulmonologist, a pediatrician, and a public health
specialist, for their relevance to childhood asthma. The asthma
knowledge questions were identical for both the pregaming and
postgaming questionnaires to evaluate the knowledge transfer
achieved through the SGs. We asked the children to play the 4
SGs on a provided laptop for a total duration of approximately
60 minutes. In addition, we encouraged the parents to explore
the games themselves, either on their own or by playing with
their children. A description of the games is provided below
(Table 1). After each game, we asked the children to answer a
web-based survey based on a Likert scale, about their general
opinions of the game. After the gaming experience, the children
completed a postgaming questionnaire, which included questions
on the strengths and weaknesses of the games and the asthma
knowledge questionnaire.

Table 1. Description of the 4 games used in this study.

Time allotted to
play (minutes)

Educational objectivesGame descriptionName of the game

30Understand asthma symptoms
and management

A game in which the child navigates through different scenarios and interacts
with 9 characters to learn about asthma symptoms and management [27]

Asthmonautes

4Identify asthma triggers and
learn how to address them

A game in which the character encounters different asthma triggers (customiz-
able to the child) and the child must find the correct preventive method to ad-
dress each trigger [28]

Lung Launcher

30Understand asthma symptoms
and management

A game in which the player interacts with several characters to learn about
their symptoms, treatment, and context and collects objects to help them
manage their asthma [29]

Asthma Heroes

4Be aware of own breathingA game in which the player uses a breath-actuated sensor as an input device
to guide a spacecraft and destroy meteorites in its path [30]

Bloïd

Focus Groups and Interviews
We conducted semistructured focus groups with children and
parents separately. Individual interviews were conducted on
one of the study days, as there were only 2 children and 2
parents present. Of note, the interviewers were not involved in
the clinical care of the participants and were unfamiliar to them.
The topic guides used to collect data considered the inclusion
of probing questions that were used accordingly to obtain more
detailed responses. The topic guide for the children’s focus
group included themes such as asthma in general, gaming
experience, practical implications the games could have on their
health including benefits and risks, and the potential of playing
SGs at home. The topic guide for the parents’ focus group

revolved around asthma management and challenges, available
resources to help overcome their challenges, and the
acceptability of SGs in health. The interview and focus group
times ranged from 16-35 minutes. We aimed to achieve
consensus among the participants during the focus groups.

Data Analysis
We used the predetermined questionnaires for the quantitative
part of the study and predetermined discussion topics to evaluate
the topics of interest qualitatively. Then, the recordings were
transcribed verbatim. For confidentiality purposes, all personal
information was removed from the transcripts and participants
were allotted a study identification number.
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We described the participants’ characteristics and information
pertaining to their asthma. The analysis of the qualitative data
was guided by the eCCM [14], which highlights important
aspects of self-management and eHealth education in chronic
illnesses. During the analyses, the members of the research team
reached consensus to ensure validity and coherence of the results
[19]. Specifically, the analytical process was divided into three
major steps, including segmenting data from the transcripts into
domains, abstracting data within the domains into core ideas,
and performing a cross-analysis to develop themes across
participants, which were agreed upon by the research team [20].
We used the software MAXQDA (version 12; VERBI Software)
to support data analysis.

To ensure the validity of our study, we implemented various
verification techniques throughout the analytical process [31].
By using multiple researchers for data analysis and different
data collection methods (eg, questionnaires and focus groups),
we were able to achieve analyst triangulation and methods
triangulation, respectively, thereby ensuring a consensus among
team members and maximizing the credibility and confirmability
of our findings. In addition, peer debriefing was used to further
establish credibility. Confirmability was further achieved by
maintaining an audit trail and ensuring reflexivity by reporting
biases, using multiple researchers, and using interviewers who
are not involved in the care of the participants. Finally, we
described the themes that emerged in this study by using quotes
from the participants and their parents as evidence. As the

individual interviews and group discussions were conducted in
French, the quotes were translated to their English equivalents.

Results

Study Participants
The targeted sample size of this pilot study was 14 children and
one of each of their parents. We approached 37 potential
participants and 14 (38%) families agreed to participate. Reasons
for declining participation included lack of time, living far from
the hospital, and scheduling conflicts. On the day of the focus
groups, owing to unpredictable cancellations (extreme weather
and scheduling conflicts), the final sample size was 36% (5/14)
of the children and 6 parents (2 parents were present for one of
the children). We invited participants to attend one of the 2
half-day sessions organized at the Sainte-Justine University
Health Center.

Baseline characteristics of the participants are presented in Table
2. The mean age of the participants was 10.3 (SD 1.5) years,
and only 20% (1/5) of the participants were male. None of the
participants had any asthma-related hospitalizations or
emergency department visits during the 12 months before the
study. The average time spent on playing video games each day
was 30-60 minutes for 40% (2/5) of the participants. Mobile
phones and different consoles were found to be the most used
devices for gaming, with 60% (3/5) of the participants using
each device.

Table 2. Baseline characteristics of the children with asthma included in this analysis (N=5).

ValuesCharacteristics

10.3 (1.5)Age (years), mean (SD)

1 (20)Sex (male), n (%)

1.9 (1)Parental report of age of asthma diagnosis (years), mean (SD)

2.2 (0.8)Child report of age of first asthma exacerbation (years; for nonmissing data; n=3), mean (SD)

0 (0)Asthma-related hospitalization during the past 12 months, median (IQR)

Time spent on playing video games, n (%)

1 (20)Never

1 (20)0-30 minutes

2 (40)30-60 minutes

0 (0)60-90 minutes

0 (0)90-120 minutes

1 (20)>2 hours per day

Device used to play games, n (%)

3 (60)Mobile phone

2 (40)Tablet

2 (40)Computer

3 (60)Console

Analysis of Qualitative Data
The analysis of the transcripts from the individual interviews
and group discussions occurred in 3 major steps and was guided

by the following research question: what are the children’s and
parents’ perceptions of SGs in the self-management of asthma?
The transcripts were analyzed by a primary research team
composed of 4 coders (NS, AV, FB, and SMT). Transcripts
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were first coded into 3 major domains, or topic areas, by one
of the coders (NS) and then, verified by the remaining coders
on the research team (AV, FB, and SMT). The domains reflected
various components of the perceived reality of asthma by
children and parents. They included (1) asthma self-management
perception and knowledge, (2) impact of asthma and barriers
to asthma self-management, and (3) support system for asthma
self-management. The data in each domain were abstracted
independently into core ideas by 4 coders (NS, AV, FB, and
SMT), focusing on the role of SGs within each domain, as

perceived by children and parents. Then, the 4 coders worked
together to perform a cross-analysis of the core ideas within the
domains to generate common themes on the roles of SGs. The
team discussed until consensus was achieved. Analysis was
guided by the eCCM. After analysis, a visual model was created,
illustrating the key interactions between asthma and SGs, as
perceived by children and parents (Figure 1). This model
complements the original eCCM model by integrating key
concepts pertaining to pediatric care and the role of SGs.

Figure 1. Visual representation of the main results obtained in this study. Our results demonstrated a triangular relationship between a child with
asthma, their parent, and the potential role of serious games (SGs) on the 3 domains of asthma management evaluated in this study. The major overarching
issues identified during discussions with parents and children, respective to each domain, are also illustrated.

Themes Identified From Interviews and Discussions

Overview
Table 3 shows the themes identified from the interviews and
discussions.

Table 3. Study domains and corresponding themes identified from interviews and discussions with children and parents.

ThemesDomain

ParentsChildren

1–The role of SGsa in asthma self-management percep-
tion and knowledge

•• Potential of learning about asthma through
games and knowledge transfer

Knowledge transfer achieved through
the games

• Gain of knowledge depends on experience
and onset of asthma

2–The role of SGs in addressing the impact of asthma
and barriers to asthma self-management

•• Knowledge on self-management through
games

Knowledge on self-management
through games

• Utility of games at asthma diagnosis
• Games as a possible tool to evaluate ongo-

ing asthma control

3–The role of SGs in the support system for asthma
self-management

•• Importance of parent and child playing to-
gether

Asthma awareness through SGs
• Openness to further discuss asthma

with parents through games • Interest and utility of playing the games
with peers• Interest and utility of playing the

games with peers

aSG: serious game.
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Domain 1: The Role of SGs in Asthma Self-management
Perception and Knowledge
This domain included different themes pertaining to the role of
SGs in children’s and parents’ asthma self-management
perceptions and knowledge. On the basis of the pregaming
questionnaires on asthma perception, we already noted some
inconsistencies in the children’s perceptions of their ability to
manage their asthma. Only 40% (2/5) of the children agreed
that they were able to recognize an asthma crisis, whereas 60%
(3/5) of the children agreed that they were able to control their
asthma adequately, and 80% (4/5) of the children agreed or
strongly agreed that their asthma crises could be prevented.
Parents were more confident about asthma management, with
80% (4/5) of parents agreeing that they knew how to manage
their child’s asthma crises and 80% (4/5) of the parents agreeing
or strongly agreeing that they knew when to give each inhaler
to their child.

Regarding asthma self-management knowledge, some parents
expressed having a divergent perception of asthma severity as
compared with that of medical professionals. This is illustrated
by the following quote from a parent when questioned whether
they were interested in participating in the game with their child:

No, because for us, the only thing that gets our
attention is when he isn’t breathing well or when he
has allergies. Otherwise, everything else for us is
normal. Maybe we lack sensitivity. [parent 03]

In addition, parents described the contrasting perceptions of
asthma management between parents and their children with
asthma, exemplified by the following quote:

Sometimes it’s like she thinks that she takes too many
[medications] and she tries to say ‘Oh, I’m going to
tough it out, I am still able to breath well’ before
taking her pumps. And I tell her, ‘Don’t do that, take
it [your pumps] right away’. And she says ‘No, no. I
can handle it myself. [parent 08]

We also explored data on children’s and parents’general asthma
knowledge in this domain using quantitative data from the
asthma knowledge questionnaire. Results from the pregaming
questionnaires suggested that participants had a fair amount of
asthma knowledge before participating in the study. However,
some of the questions in the pregaming questionnaires were
unanswered by the participants (Table 4), whereas none of the
questions were left unanswered in the postgaming questionnaire.
During the discussions with the children, it was also evident
that there was heterogeneity in their knowledge about asthma.

Some children demonstrated adequate knowledge about asthma,
whereas other children expressed a lack of knowledge. Other
children lacked knowledge about specific components of their
illness, such as asthma management or asthma resources.

On the basis of current scientific knowledge of asthma, several
false beliefs were identified among the parents, including that
inhalers could lead to dependence or addiction (1/5, 20%
agreed), it is not good for children to use the inhaler for very
long (3/5, 60% strongly agreed or agreed), children should use
asthma medications only when they have symptoms (1/5, 20%
strongly agreed; 1/5, 20% neither agreed nor disagreed), inhalers
should be used directly in the mouth (2/5, 40% agreed), and
controller medications can be used intermittently (3/5, 60%
strongly agreed or agreed). In contrast, parents understood other
concepts well, with 80% (4/5) of them disagreeing that children
with asthma should not exercise or participate in physical
education class and that mild asthma attacks can be managed
outside of emergency departments. Through the discussions
with the parents, we also identified varying degrees of asthma
knowledge present among them. Specifically, some parents
acknowledged their reluctance to administer prescribed
medications unless their child was acutely ill, as illustrated in
the following quote:

As long as I can survive without medication, I don’t
take any. But, when I see him [the child] suffering
sometimes when he has his crises and everything, I
am obliged. We even neglected the pump because I
am anti-Ventolin because it’s not good for his health
in the long term. [parent 03]

In contrast, several parents viewed their children’s asthma
specialists as important resources in the management of asthma.

Subsequently, we explored how children and their parents
perceive SGs in asthma self-management and knowledge and
extracted key themes from these data. After analyzing the
discussions with the children, we concluded that they were able
to identify the game objective correctly and that knowledge
transfer was achieved through the games, a recurrent theme in
the asthma self-management perception and knowledge domain.
They were able to create links between the game and real life
and understood the steps in medication use and trigger
recognition. This knowledge transfer was equally objectified
by the results of the postgaming questionnaires (Table 4). In
general, the results reflect that after playing the different SGs,
the proportion of correct answers increased, notably regarding
trigger recognition, medication use, and identification of when
the controller or crisis medication must be used.
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Table 4. Child knowledge of asthma before and after playing the serious games based on true or false questions (N=5).

DiscrepancyAfter gameBefore gameChild knowledge of asthma–questions

Discrepancies between
questionnaires, n (%)

Correct answers, n (%)Nonmissing data for pregaming
questionnaire, n (%)

Correct answers, n (%)

0 (0)5 (100)5 (100)5 (100)Lots of children have asthma

0 (0)5 (100)5 (100)5 (100)People with asthma can drink milk and
eat yogurt

2 (40)4 (80)4 (80)2 (50)aHaving the flu can cause an asthma at-
tack

0 (0)5 (100)5 (100)5 (100)Smoking is OK for people with asthma

1 (20)1 (20)3 (60)0 (0)People with asthma become hooked on
their asthma drugs (cannot get off
them)

1 (20)5 (100)5 (100)4 (80)If you have asthma now, you will have
asthma forever

1 (20)4 (80)4 (80)3 (75)aAn asthma attack is caused by redness
and swelling in the airways of the lungs

1 (20)5 (100)4 (80)4 (100)aMost children with asthma are smaller
than other children

0 (0)5 (100)5 (100)5 (100)Asthma can be spread from person to
person

0 (0)5 (100)5 (100)5 (100)Medicines that keep asthma from hap-
pening should be taken every day

1 (20)5 (100)5 (100)4 (80)The blue puffer (inhaler) should be
used when a person has an asthma at-
tack

0 (0)3 (60)5 (100)3 (60)Asthma happens more at night

0 (0)5 (100)5 (100)5 (100)An asthma attack can happen suddenly
without warning

0 (0)4 (80)5 (100)4 (80)When asthma is OK, all medicines can
be stopped

1 (20)5 (100)4 (80)4 (100)aWith the right treatment, a child with
asthma can live a normal life

0 (0)4 (80)5 (100)4 (80)Children with asthma can play sports

1 (20)5 (100)5 (100)4 (80)The orange inhaler controls asthma

0 (0)5 (100)5 (100)5 (100)The blue inhaler helps with an asthma
crisis

2 (40)5 (100)5 (100)3 (60)The blue inhaler opens the airways in
the lungs

1 (20)5 (100)4 (80)4 (100)aThe orange inhaler prevents asthma
crises

0 (0)5 (100)5 (100)5 (100)The blue inhaler helps the breathing
during an asthma crisis

aSample size, n=4, owing to missing data.

The role of SGs on asthma perception and asthma knowledge
as perceived by the parents was identified using the asthma
perception questionnaire before playing the SGs and through
the discussions with the parents. The questionnaire revealed
that 40% (2/5) of parents agreed that health-related video games
can help their child understand or manage their asthma, whereas
the remaining parents neither agreed nor disagreed. Moreover,
100% (5/5) of the parents strongly agreed or agreed that they
would accept that their child plays health-related video games

at home. The themes extracted from the discussions with the
parents illustrated similar results. Similar to children, the theme
potential of learning about asthma through games and
knowledge transfer was identified by the parents. This theme
is illustrated by the following quote from a parent, concerning
how one of the SGs could be designed to show the level of
respiratory distress:
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With the game, I think that she [their child] would
realize ‘Oh no, I think that maybe I should take it
[medication] as soon as possible’rather than waiting.
[parent 08]

In addition, parents expressed that the gain of knowledge
depends on experience and onset of asthma, with some parents
indicating that the incentive to play may be lost after knowledge
is gained from the games.

Domain 2: The Role of SGs in Addressing the Impact
of Asthma and Barriers to Asthma Self-management
This domain included different themes pertaining to the roles
of SGs in addressing the impact of asthma and barriers to asthma
self-management, as expressed by children and parents.
Regarding the impact of asthma, the daily burden of asthma
was a recurrent topic expressed by children. This is illustrated
by the following quotes:

For me it’s also sports. I tire out before the others.
[child 08]

We are in the middle of a game and I have to stop. I
have to stop to take my pumps. Sometimes I’m scared
that I’m a nuisance to my team. [child 09]

Although the children recognized the importance of medications
in controlling their asthma, they also identified poor adherence
as a barrier to asthma self-management.

The impact of asthma and barriers to asthma self-management
were also explored with the parents. Parents also referred to the
daily burden of asthma on their child and family, as illustrated
by the following quote:

She spends every night out of breath. She is always
gasping for air. She is always congested. There is no
specific season that she is suffering, but it’s almost
every day. We almost always go to see the doctor. We
have been in follow-up for years, but I see that things
haven’t changed. On the contrary, it’s getting worse
and worse. [parent 09]

Parents expressed fear and anxiety related to exacerbations and,
as identified in domain 1, showed different perceptions of the
severity of their child’s asthma. These were identified as barriers
to asthma self-management. Another barrier is poor adherence
secondary to burden of medications. Discussions with the
parents revealed that forgetfulness was often a specific cause
of poor adherence, along with fear of side effects associated
with medication intake.

Children and parents explored the role of SGs in the impact of
asthma and barriers to asthma self-management, particularly
the identification of real-life situations within the games.
Specifically, children acquired knowledge on self-management
through games. This theme is illustrated by the following quote
from a child when talking about what they learned in the games:

Even if you are, for example, asthmatic, you can still
do sports, but you have to take your pumps first before
doing the sport. [child 05]

Interestingly, children expressed being more aware of and able
to focus on their breathing through the game, Bloïd, which uses

a breath-actuated game controller. Similar themes were
identified from the discussions with the parents, who identified
acquired knowledge on self-management through games as a
beneficial effect of the SGs. This included a better understanding
of medication use and the potential of games to help in trigger
recognition. This theme is exemplified in the following quote:

It [the SGs] was a practice even for me because I
always mix up the blue and purple [pumps]. I ask
myself ‘Which does what?’And at a certain point [in
the game], it was more visual for me and now the
diagram is engraved in my brain. [parent 06]

In addition, parents suggested that games may be particularly
helpful at the onset of asthma and identified games as a possible
tool to evaluate asthma control thereafter.

Domain 3: The Role of SGs in the Support System for
Asthma Self-management
This domain includes different themes pertaining to the role of
SGs in the child’s support system for asthma self-management,
as perceived by children and their parents. Children expressed
feeling alone with their asthma, whether it was among their
peers or other family members. Children often refrained from
discussing their condition with others. Parents expressed being
supportive in their child’s asthma management, but this
consisted primarily of the parents offering reminders to their
children to take their medication. Often, parents were unaware
of their child’s state of asthma knowledge and self-management.

Both parents and children identified the beneficial effects of
SGs on their support systems for asthma self-management.
Children highlighted how SGs could allow players to feel less
alone with their asthma by increasing asthma awareness through
SGs. In addition, the theme openness to further discuss asthma
with parents through games was identified. This theme is
illustrated by the following quote from a child when asked
whether they would like to play the games with their parents:

Maybe they would learn more with us. Most of the
time, they are the ones that give me advice because
they listen to the doctors more. They know a little
more, because even if they aren’t doctors, they know
more about this subject. But we could interact at home
and talk about what we thought [about the games].
[child 09]

A similar theme, importance of parent and child playing
together, was also extracted from the discussions with the
parents. This theme is illustrated by the following quote from
a parent:

I don’t really play video-games, but I still learned
things, not that I didn’t know, but that maybe I hadn’t
absorbed. By playing, watching and participating
with my daughter, I learned certain things. [parent
06]

Parents appreciated the parent-child collaboration through
gameplay, as it allowed them to be more aware of their child’s
asthma self-management skills. Both children and their parents
separately identified an interest and utility of playing the games
with peers. Children showed a desire to interact with peers about
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their illness, whereas parents expressed the importance of
sharing knowledge and playing with others as an incentive to
learn and increase awareness among children without asthma.

Discussion

Principal Findings and Comparison With Previous
Work
In this pilot study, we conducted qualitative individual
interviews and group discussions with participants and their
parents to evaluate the perceived role of SGs in asthma
management and knowledge transfer achieved by these games.
Our study identified the following domains, or components,
that are key to asthma management: asthma self-management
perception and knowledge, the impact of asthma and barriers
to asthma self-management, and support system for asthma
self-management. Within these domains, our team consensually
identified various themes pertaining to the perceived role of
SGs in the given components. In the following sections, we
summarize our findings by identifying an overarching issue for
each domain and explaining how SGs can be used to address
this issue. The results are summarized in Figure 1.

In the domain of asthma self-management perception and
knowledge, the heterogeneity of asthma knowledge, which is
related to asthma perception, was identified as the overarching
issue for both children and parents. The discussions with the
children and parents revealed that some participants had
adequate knowledge about asthma, including trigger recognition
and different medications, whereas other participants had poor
understanding of asthma and even expressed several false
beliefs. Specifically, some children were unaware of resources
other than the inhalers that were available to them, such as books
or educational websites. Several parents not only expressed
being in denial of the severity of their child’s condition but also
displayed numerous misconceptions about asthma. The
importance of health literacy, the capacity to understand and
manage one’s own health, is a component emphasized in the
eCCM and is essential for the proper management of chronic
diseases and the adequate use of eHealth services [14]. The
importance of efficient asthma education is equally emphasized
in a systematic review of SGs, stating that education is an
important factor in treatment because it promotes considerable
ameliorations in asthma control and reduces emergency room
visits and hospital admissions [15]. To address this heterogeneity
in knowledge, the children and parents expressed that SGs could
improve knowledge transfer through games. Indeed, as
highlighted by a comparative study between asthma educational
videotapes and asthma self-efficacy digital games, interactive
media with active participation are more effective in improving
self-management than traditional teaching methods such as
educational videos [32]. Moreover, our participants appreciated
the real-life scenarios presented in the games and expressed that
such animations would provide them the knowledge to react
accordingly in different situations. Similarly, parents considered
the games to be a valuable source of information to build a
strong base for a child with limited knowledge about asthma.
These findings corroborate with those of other studies that have
demonstrated how traditional educational methods have little

appeal to children and the importance of using narratives as a
novel educational tool [16,33]. Narratives have been shown to
be a useful resource in promoting a great understanding of the
impacts an illness can have and providing an emotional insight
into the repercussions a disease can cause [33].

Within the domain pertaining to the impact of asthma and
barriers to asthma self-management, the consequences and
limitations of asthma surfaced as the overarching issue for both
children and their parents. Despite having access to regular
medical care, children and parents expressed being subject to
the consequences of the child’s asthma, specifically regarding
activity limitation and fear and anxiety related to asthma
exacerbations. According to the eCCM, having a patient who
is empowered and in control of their illness is crucial to improve
health outcomes [14]. The eCCM also emphasizes that a patient
must be activated, a term that equates to an individual’s level
of skills, knowledge, and confidence in managing their disease
[14]. As highlighted in our study, the model of a patient who is
activated and empowered should also be extended to a child’s
caregiver in pediatric care, given that caregivers play an essential
role in their child’s treatment [15]. Although barriers to asthma
self-management have been extensively discussed previously
[12], we wanted to focus on how SGs could facilitate asthma
self-management. Children and their parents expressed that SGs
could provide an opportunity for the identification and
management of real-life situations through games. SGs can aid
in promoting self-management and patient empowerment
through the social learning theory, which suggests that through
self-modeling (ie, the players observe a character in the game
who is a representation of themselves and who they control),
the player is able to learn through his or her character and apply
what they have learned to real-life situations [17]. In addition,
a study concerning the application of health games to manage
chronic pediatric diseases showed that, often, children with
chronic health conditions experience low self-esteem and
stigmatization from peers because of daily self-care and
monitoring [32]. However, by presenting characters who have
the chronic disease and who represent positive role models who
achieve their missions in the SGs while simultaneously battling
and managing their illness, children learn that their chronic
disease can be overcome and that self-management is an
achievable goal [32].

Finally, in the domain related to support system for asthma
self-management, we identified an insufficient support system
as the overarching issue among children and parents. In the case
of children, family implication in the child’s condition is
essential, an idea that was equally mentioned by the children
in our study, who viewed their parents as a source of support.
Notably, effective parent-child collaboration in managing a
child’s asthma is a key element in improving medication
adherence and positive health outcomes [7]. Children and
parents expressed that SGs could provide an opportunity to play
with others for support and shared knowledge. Indeed, both
parents and children expressed an interest in playing the SGs
presented in this study with each other, stating that this would
also allow for more parent-child discussions about the condition.
A study concerning the management of chronic pediatric
diseases with health games found that 1 month after playing
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asthma self-management games, the children experienced more
self-efficacy in talking with their friends about asthma and
showed increased communication with their parents about their
condition, illustrating how SGs can help strengthen a child’s
support system [32]. Similarly, an inpatient study evaluating
the impact of asthma self-management SGs revealed that, often,
during gaming sessions, one child would explain asthma
management strategies to another child, allowing both players
to win the game together [32]. Therefore, SGs offer a unique,
interactive, and enjoyable opportunity for children with asthma
to learn and interact with their peers and parents.

Strengths and Limitations
Our study has numerous noteworthy strengths and limitations.
First, compared with previous studies in the field, the originality
of our study stems from the inclusion of both children and their
parents in the gaming sessions and discussion groups, allowing
for the comparison and contrast of thoughts and perceptions.
This is particularly important given the unique parent-child
interactions in pediatric chronic disease management. Second,
we based the development of our games on the theory of
co-design, adapting our games based on the comments and input
from users throughout their development. Thus, the versions
presented to participants in this study have already taken the
input of patients with asthma into account, making them even
more pertinent to the study population. Third, the analysis of
our qualitative data was achieved through consensual qualitative
research, a research method that incorporates various validation
methods to ensure the validity of the results (ie, member
checking and discussing until agreement was reached).

However, despite these validation methods, a possibility of
subjectivity in our results remains, emphasizing the need for
more extensive member checking. The small sample size and
inclusion of patients followed at a pediatric hospital may reflect
potential selection bias and limit the generalizability of our
results. Specifically, the feedback gathered from the limited
sample of children may not reflect the perspectives of other

children with asthma. In addition, owing to the limited number
of participants, we were unable to conclude any statistically
significant changes in terms of pregaming and postgaming
knowledge from the participant questionnaires. Thus, a large
study is needed to better evaluate the impact of these SGs on
asthma knowledge and to collect additional feedback from
players. Given the design of the study, the time allotted to play
was limited to a total of approximately 60 minutes, which may
have affected the depth of the evaluation of the game by
participants. Although we were able to gather valuable feedback,
further studies are needed to evaluate the acceptability of the
games in different settings (eg, at home or during free play).

Continued Development of the SGs
Following this study, feedback from children and parents was
integrated into the games, Asthma Heroes and Asthmonautes.
Both games were translated and are now accessible in French,
English, Spanish, Chinese, Russian, Arabic, Portuguese,
Japanese, Vietnamese, Korean, Farsi, Turkish, German, and
Italian. In addition, our team conducted a second study, where
158 children tested a game played using a breath-activated
controller, which enables the assessment of one’s breathing
capacity [34].

Conclusions
In conclusion, through discussions with children with asthma
and their parents and consensus within our research team, we
identified various themes pertaining to how SGs can address
some of the perceived barriers related to asthma
self-management. Although our pilot study was based on a
limited number of participants and further studies are required
to confirm our results, our findings support the acceptability of
SGs by both children and their parents and their potential role
in asthma education and self-management. The numerous
potential benefits of SGs in various aspects of asthma
management highlight the necessity for future developments in
this field.
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Abstract

Background: Digital technology and media use is integral to adolescents’ lives and has been associated with both positive and
negative health consequences. Previous studies have largely focused on understanding technology behaviors and outcomes within
adolescent populations, which can promote assumptions about adolescent technology use as homogeneous. Furthermore, many
studies on adolescent technology use have focused on risks and negative outcomes. To better understand adolescent digital
technology use, we need new approaches that can assess distinct profiles within study populations and take a balanced approach
to understanding the risks and benefits of digital technology use.

Objective: The purpose of this study was to identify profiles of adolescent technology use within a large study population
focusing on four evidence-based constructs: technology ownership and use, parental involvement, health outcomes, and well-being
indicators.

Methods: Adolescent-parent dyads were recruited for a cross-sectional web-based survey using the Qualtrics (Qualtrics
International, Inc) platform and panels. Technology use measures included ownership of devices, social media use frequency,
and the Adolescents’ Digital Technology Interactions and Importance scale. Parent involvement measures included household
media rules, technology-related parenting practices, parent social media use frequency, and the parent-child relationship. Health
outcome measures included physical activity, sleep, problematic internet use, and mental health assessments. Well-being indicators
included mental wellness, communication, and empathy. We used latent class analysis (LCA) to identify distinct profile groups
across the aforementioned 4 critical constructs.

Results: Among the 3981 adolescent-parent dyads recruited, adolescent participants had a mean age of 15.0 (SD 1.43) years;
a total of 46.3% (1842/3981) were female, 67.8% (2701/3981) were White, and 75% (2986/3981) lived in a household with an
income above the poverty line. The LCA identified 2 discrete classes. Class 1 was made up of 62.8% (2501/3981) of the participants.
Class 1 participants were more likely than Class 2 participants to report family-owned devices, have lower technology importance
scores, have household technology rules often centered on content, have positive parent relationships and lower parent social
media use, and report better health outcomes and well-being indicators.

Conclusions: Findings from this national cross-sectional survey using LCA led to 2 distinct profile groups of adolescent media
use and their association with technology use and parent involvement as well as health and well-being outcomes. The two classes
included a larger Class 1 (Family-Engaged Adolescents) and a smaller Class 2 (At-Risk Adolescents). The findings of this study
can inform interventions to reinforce positive technology use and family support.

(JMIR Pediatr Parent 2022;5(2):e35540)   doi:10.2196/35540
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Introduction

Background
Digital technology and media use is integral to adolescents’
lives; adolescents have been labeled digital natives given that
they have had exposure to digital technology their entire lives.
Previous studies on digital technology and media use have
largely focused on assessing behaviors and outcomes within
adolescents as a population, which does not allow for an
understanding of the heterogeneity of adolescents’ technology
use. Few studies have examined specific subgroups to
understand the nuances of digital technology and media use
across and within adolescent groups [1-3].

Furthermore, many studies on adolescent technology and media
use have focused on risk behaviors and negative outcomes.
Previous studies have illustrated that digital technology and
media use is associated with negative outcomes such as impaired
sleep [4-6], decreased physical activity [5,7,8], problematic
internet use (PIU) [9-11], and risk of depression [12]. Although
several recent review articles have described both the benefits
and risks of technology use [13,14], most individual studies
take a risk-centered approach [15,16]. Since the COVID-19
pandemic, many teenagers have experienced social isolation as
a result of quarantine and remote learning, making digital tools
for connection to peers and family even more important.

Critical constructs to consider in the balance of the risks and
benefits of technology and media use include factors such as
device ownership, frequency of social media use, and the
importance of use [17]. Furthermore, other underlying factors
in an adolescent’s offline environment may also be critical to
consider. Evidence supports that technology use outcomes may
also be affected by parental factors such as household rules
around media use or the parent-child relationship [18]. To better
understand adolescent digital technology and media use, new
approaches that can assess distinct profiles within study
populations, consider mitigating factors such as technology use
and parental involvement, and take a balanced approach to
understanding the risks and benefits of digital technology and
media use are needed.

Technology Devices and Media Use Quantity and
Quality
Several aspects of adolescent technology use have been studied
through previous research. In the area of device ownership, it
is understood that US adolescents’ smartphone access is nearly
ubiquitous. The 2018 Pew Internet and American Life Project
[19] estimated that 95% of US adolescents have their own
personal smartphone. These rates increased from 2014-2015,
when 73% of adolescents reported personal smartphone access
[20]. The age at which teenagers obtain their first phone has
also decreased over time, raising concerns that have prompted
campaigns to encourage delaying ownership until an adolescent
is in the eighth grade [21,22]. Less is known about other device
ownership among teenagers. Although approximately 88% of
adolescents report access to a desktop or laptop computer at
home, it is less clear who owns these devices [19]. Device
ownership may be a contributing factor to technology use

outcomes. For example, personal ownership of technology may
provide more opportunities for frequent use compared with
family-owned devices. Personal ownership of devices may also
provide access within private spaces such as bedrooms, which
are more challenging to regulate by parents [23]. Furthermore,
little is known about access to or ownership of newer devices
such as virtual reality (VR) headsets and personal assistant
devices.

Another area of focus in previous studies is the quantity of
adolescents’digital technology and media use. For adolescents,
one way in which quantity of technology use can be measured
is via the age at which they first started using technology, such
as the age at which a youth acquired a personal smartphone.
Earlier initiation to technology use has been associated with
maladaptive outcomes such as problematic technology use [24],
supporting that quantity of use over time may be an important
factor in determining health outcomes. For adolescent
populations, quantity of use is commonly measured by
self-reporting hours per day spent using technology and media.
However, designing research studies to assess quantity of
technology use is not without challenges. In particular,
self-reporting the quantity of use is subject to recall bias [25,26].

Increasingly, researchers and health care providers are
emphasizing that quality of technology use, beyond just quantity
of use, may be just as important if not more in understanding
links between technology use and health outcomes. Quality of
use could include motivations for use, importance of use, or
types of web-based interactions. These quality of use concepts
are tied to affordances, which describe properties of artifacts
that illustrate how they can be used [27,28]. Affordances have
been used to tie adolescents’ digital technology use to their
developmental milestones [29]. Grounded in an affordance
framework, the Adolescents’ Digital Technology Interactions
and Importance (ADTI) scale measures the importance of
specific technology interactions rather than platform use [17].
Combining quantity and quality measures of technology use
may allow for new insights to better understand benefits and
risks for adolescents. Thus, a comprehensive approach to
understanding adolescent digital technology use patterns could
include what devices an adolescent can own and access, the age
at which an adolescent obtained their first smartphone, how
often they interact with digital technology and media, and how
important those technology interactions are to them.

Parent Involvement and Relationship
The 2016 American Academy of Pediatrics (AAP) media policy
statement, Media Use in School-Aged Children and Adolescents,
emphasized the role of parents in adolescents’ media lives [30].
A key role for parents is to serve as mediators of media use for
their children, and studies suggest that parental efforts may have
varied impacts on adolescents’ media use [31]. Parents often
struggle with setting and enforcing media rules such as removing
technology from children’s bedrooms [32,33].

Parents’ own technology experiences may also affect their
children. Studies have found that parents have varied attitudes
toward technology and varied engagement with technology
[34]. Parents who struggle with limiting their own technology
use may have challenges in moderating their children’s
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technology use [35]. For parents who prioritize technology use,
these behaviors may be modeled for their children. In fact,
families with media-centric parents typically have children who
report more media use [18].

Parenting style and parent relationship are additional factors in
the balance of risk and beneficial outcomes that adolescents
experience. Factors associated with positive media use in
families have included positive general family functioning,
parental involvement, and open communication styles between
parents and adolescents [36]. Thus, although it is important to
understand the role of technology use in influencing adolescent
health and well-being, it is also critical to better understand how
the family context affects adolescent technology-related
outcomes.

Health Outcomes
There are several health concerns that have been associated with
digital technology and media use influence and affect. First,
technology and media use has been shown to negatively affect
sleep by delaying bedtime as well as through exposure to light
from screens disrupting melatonin levels [4-6]. Second,
decreased physical activity has been associated with the
sedentary nature of most media use [5,7,8]. Third, PIU is defined
as “Internet use that is risky, excessive or impulsive in nature
leading to adverse life consequences, specifically physical,
emotional, social or functional impairment” [37]. Studies support
that components of PIU include compulsive use and anxiety
when not able to access the internet [9].

Adolescents’ mental health has also been a common research
topic related to potential negative consequences of media use.
Studies have found associations between increased social media
use and decreased life satisfaction [38,39], increased risk of
depression [38,40], worsened body image and decreased
self-esteem [40-42], increased fear of missing out (FOMO) [43],
and reduced well-being [44]. These studies suggest that media
use may have a negative impact on mental health for
adolescents. However, other studies have found that social media
use does not affect life satisfaction [45,46] nor depression [47].
Some have argued that data support that media use may
negatively affect some adolescents but caution that overstating
these relationships to apply to adolescents as a whole is not
warranted [48].

Well-being
Studies focusing on ways in which technology influences
well-being have found positive associations with increased
social support and learning [49,50]. Another study found that
adolescents described their affective experiences on social media
to include feeling happy and closer to friends, supporting
adolescent well-being [50]. Youths may be motivated to adopt
digital health technology that includes a social component as it
enhances communication skills, enables a sense of belonging
and perspective taking and thus increases social support [51,52].
These factors, in turn, may reduce stress or physical illness and
improve psychological and physical well-being [53,54].

Study Purpose
The purpose of this study was to understand patterns across
adolescents’ digital technology and media use, including four
evidence-based constructs: (1) technology ownership and use,
(2) parental involvement, (3) health outcomes, and (4)
well-being indicators. Most studies to date have focused on 1
outcome, such as depression, or on a category of outcomes,
such as mental health. This study builds on that literature by
using the power of latent class analysis (LCA) to examine
critical constructs and understand patterns across and within
groups. The emerging understanding that adolescents’ media
use is not homogeneous and the critical role of parents in
moderating youth media use informed this study’s purpose. The
purpose of this study was to use LCA to develop profiles
representing benefits and risks as well as parental influence
associated with digital technology use.

Methods

Study Design
A national Qualtrics (Qualtrics International, Inc) cross-sectional
web-based research panel was engaged during February-March
2019 to collect data for this LCA study.

Ethics Approval
The Institutional Review Board at the University of Wisconsin
approved this study (2018-0781).

Setting and Participants
Our goal was to achieve a national sample of youths to complete
a web-based survey. Compared with traditional survey
approaches such as in-person, phone, or mail recruitment,
web-based survey panels offer broader reach and lower costs
in data collection [55]. We selected the web-based survey
platform Qualtrics for several reasons. First, although web-based
survey platforms do not use weighting, previous studies have
shown that web-based survey approaches using tools such as
Qualtrics can achieve demographic attributes that are typically
within a 10% range of their corresponding values in the US
population [56]. Second, unlike other platforms such as
Mechanical Turk, Qualtrics allows for the recruitment of youths
via approaching parents for consent as a first step. Third, there
is strong and growing literature around the use of Qualtrics to
recruit youth samples in the United States, including studies on
media [57,58].

Between February 2019 and March 2019 a Qualtrics survey
manager recruited adult panel participants who indicated that
they had adolescent children aged 13-18 years who spoke
English. Parents who met these criteria were provided with
information about the survey and an opportunity to complete
informed consent forms for themselves. The informed consent
process notified potential participants of the study purpose and
research team, of the survey length, that the survey had questions
for the parents and adolescents to answer independently, that
the survey was voluntary, of the Qualtrics incentive points that
would be provided upon completion, and of how the study data
would be stored and used. The survey information section stated
that the researchers would not request any personal information
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about the participants. Parents also provided consent for their
child’s participation if the child was aged <18 years. Once
parental consent was obtained, the parents completed early
sections of the survey on the Qualtrics platform. After
completing the parent portion, the parents were instructed to
pass the device to the adolescent participant. The adolescent
was provided with study information and an opportunity to
provide assent. Adolescents who provided assent were allowed
to begin the survey. Adolescents aged 18 years provided consent
and were allowed to begin the survey.

The target population for this study was adolescents aged 13-18
years who were US residents and English-speaking. Using
Qualtrics panels of adult participants (a closed survey
population), we recruited parent-adolescent dyads to allow for
parent as well as adolescent input. We established parameters
for Qualtrics to recruit a sample consistent with the race and
ethnicity representative of the US census population for adults
[56]. Qualtrics representatives recruited parents from their panels
using emails and SMS text messages. Qualtrics processes
ensured that all recruited participants had completed enrollment
in Qualtrics panels, and the participants could only complete
the survey a single time.

Our sample size estimates were calculated using estimates for
LCA [59,60], which supports approximately 1:3-1:4 ratios of
number of items to number of participants to achieve a full
range of potential number of latent classes with a minimum of
0.8 power. We estimated that approximately 70 items would be
included in our LCA process, and we then increased our sample
size to allow for investigation of differences in demographic
factors such as adolescent age, gender, or race as well as to
account for incomplete surveys affecting our final sample size
for analysis. Thus, our planned sample size was 4000
parent-adolescent dyads (N=8000 participants).

Survey Measures

Overview
Our goal for this study was to include measures that represented
four key constructs: (1) technology ownership and use, (2)
parental involvement, (3) health outcomes, and (4) well-being
indicators. These 4 constructs were identified based on the
categorization of evidence in the literature describing critical
and well-established factors associated with adolescent
technology use. Our strategy to identify concepts or scales to
assess within each construct involved conducting a review of
the literature to identify validated scales or measurement tools
within each topic area. We cross-referenced those validated
scales or measurement tools with existing literature and review
articles that described critical concepts in adolescent digital
technology and media use. In cases in which a key concept was
described repeatedly in the literature but no validated scale
existed, we used existing items that had been used in large
studies such as the Pew Internet and American Life Project.

For established measurement scales, our goal was to include
categorical variables representing high- or low-score values.
Thus, for scales with established cutoffs for the summary score,
we used these to dichotomize or categorize scores for inclusion
in the LCA. For scales without such empirical cutoffs, we

dichotomized scores at the median for inclusion in the LCA. In
the paragraphs that follow, we describe survey measures and
instruments according to the 4 key constructs of focus in this
study. In the survey delivered to the participants, the order of
measures delivered was randomized. Most survey pages
included a single measurement tool or instrument. The
participants were allowed to review and change their answers
during the course of the survey.

Technology Ownership and Use Measures
These survey measures were answered by the adolescent
participants. Measures included individual questions about
device ownership and age of first smartphone ownership,
assessments of frequency of social media use, and the ADTI
scale.

Personal and Family Device Ownership and Bedroom
Access: Adolescent Participants

To assess technology device ownership, we modeled questions
after those in previous Pew Internet and American Life surveys
to assess device ownership of adolescents and of the family
[19,20,61,62]. Furthermore, given that the AAP recommends
limiting media device use in bedrooms [30,63], we included
questions about which devices were allowed to be used in the
adolescent’s bedroom. The participants were asked, “Which of
the following devices do you own? Select all that apply”;
“Which of the following devices does your family own? Select
all that apply”; and “Which of the following do you have access
to in your bedroom? Select all that apply.” Response options
included television, computer, tablet, video games, smartphones
with internet access, cell phones without internet access, VR
devices, wearable devices (ie, smartwatches), personal assistants
(ie, Alexa), other, and/or none. Each individual response
regarding device ownership and bedroom access was included
as a bivariate (yes or no) in the LCA.

Social Media Use Frequency: Adolescent Participants

Given that social media is a main component of adolescents’
technology use [19], we assessed social media use frequency.
Social media use can include two roles: consumer and creator
of content. Thus, we asked about the frequency with which the
adolescents checked social media and posted on social media
modeled after the Pew Internet and American Life Project
surveys [19]. Response options included almost constantly, a
few times an hour, once an hour, a few times a day, once a day
a few times a week, once a week, and never. These responses
were clustered into three categories: responses representing
daily or more use, responses representing weekly but not daily
use, and responses indicating less than weekly use.

Age of Acquiring a First Personal Smartphone

We asked the adolescents to report the age at which they
acquired their first personally owned smartphone with internet
access. We categorized the ages as follows: <11 years, 12-14
years, 15-17 years, or not yet having a smartphone of their own.

ADTI Scale: Adolescent Participants

Technology interactions and their importance were measured
using the ADTI scale, which has been validated in previous
work [17]. This scale includes 18 items and 3 factors. For each
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item, the participants were asked How important, if at all, is it
for you to use media and technology platforms for the following
purposes? The participants responded using a 5-point Likert
scale ranging from not at all important to extremely important.
The three subscale factors and an example item for each
included (1) technology to bridge online/offline experiences
(example item: look into or follow an event you may attend),
(2) technology to go outside one’s identity or offline
environment (example item: explore your sexuality), and (3)
technology for social connection (example item: direct message
someone). The Cronbach α scores for the three subscales were
.87 (factor 1), .90 (factor 2), and .82 (factor 3), and .92 for the
total scale. The ADTI scores were included in the LCA as a
total score and as 3 individual subscale scores.

Parent Involvement
This section of questions included some measures answered by
the parents and some answered by the adolescents.

Household Technology Rules: Parent Participants

The parent participants were asked how strongly they agreed
or disagreed with 7 statements related to the presence of or
engagement in household technology rules at home. The
statements were modeled after the suggested parent rules and
role modeling of the AAP Family Media Use Plan [30]. These
rules include three key concepts described in the literature
regarding parenting technology behaviors: active mediation
(communication), restrictive mediation (limits on time or
content), and social co-use [64-66]. These statements were tested
in a previous intervention [67]. For each item, the parent
participants were asked whether the rule was present in their
household. Example statements included My house had rules
about “friending” someone who is unknown off-line and My
house has rules about viewing screens around bedtime. The
participants were asked to select from a 5-point Likert scale
from strongly agree to strongly disagree for each of the
statements. Responses were dichotomized into agree or
neutral/disagree to represent whether the individual rule was
or was not present at home for inclusion in the LCA.

Parent Social Media Use Frequency: Parent Participants

Similar to the approach used with the adolescent participants,
we asked the parents about the frequency with which they
checked social media and posted on social media modeled after
the Pew Internet and American Life Project surveys [19].
Response options included almost constantly, a few times an
hour, once an hour, a few times a day, once a day a few times
a week, once a week, and never. These responses were clustered
into three categories: responses representing daily or more use,
responses representing weekly but not daily use, and responses
indicating less than weekly use.

Internet-Specific Parenting Practices: Adolescent
Participants

The adolescent participants were asked to complete the
internet-specific parenting practices scale, which describes
practices that their parents use to moderate their children’s use
at home [68]. This 12-item scale has 3 subscales. One subscale
assesses rules regarding time on the web and has response
options of never=1, rarely=2, sometimes=3, often=4, and very

often=5. The second subscale measures rules regarding content
of internet use, and the third subscale assesses quality of
communication regarding internet use. An example item from
the third subscale is When my parents/guardians and I talk
about my internet use I feel I’m taken seriously. The latter 2
subscales have response options using a 5-point Likert scale
from absolutely not true to absolutely true. Responses for each
subscale were dichotomized into high- or low-score categories
based on the median for inclusion in the LCA published in the
literature. The median score for subscale 1 (time) was 18, the
median score for subscale 2 (rules) was 12, and the median
score for subscale 3 (communication) was 12. This scale had
good internal consistency, with a Cronbach α of .85.

Parent-Adolescent Relationship: Adolescent Participants

The adolescent participants completed the Parent-Adolescent
Relationship Scale to assess the quality of the participants’
relationship with their parents who also participated in this study
[68]. This validated scale includes 8 items and 2 subscales. The
first subscale measures the participant’s identification with their
parents and includes items such as She/He is a person I want
to be like. Responses for this subscale use a 5-point Likert scale
from strongly disagree to strongly agree. The second subscale
assesses perceived parental supportiveness and includes items
such as How often does she/he praise you for doing well?
Responses use a 5-point Likert scale of Never to Always. The
internal consistency of this scale was good as indicated by a
Cronbach α between .72 and .74 with mothers and of .82 with
fathers. This measurement was dichotomized and included in
the LCA as high and low parent-adolescent relationship based
on the published cutoff of >24 indicating a high-quality
parent-adolescent relationship.

Digital Technology and Media-Related Health Outcomes

Overview

These survey items were all answered by the adolescent
participants. These measures included a comprehensive set of
physical and mental health concerns noted in the literature as
being associated with digital technology and media use among
adolescents. These measures included physical health outcomes,
such as sleep and physical activity, as well as mental health
outcomes, including PIU, depression, anxiety, FOMO, and body
image concerns.

Physical Activity: Adolescent Participants

Physical activity was evaluated using the physical activity scale.
This scale included 3 items assessing the frequency with which
the adolescents participated in sports and exercised outside
school [69]. For each item, the participants responded from
never to 4 times or more a week. The Cronbach α for this scale
is reported by age, including .69 for 13 years and .74 for 15
years. Responses were dichotomized as high or low physical
activity using the median reported physical activity (9) for
inclusion in the LCA.

Sleep: Adolescent Participants

Sleep was assessed using the validated Pediatric Daytime
Sleepiness Scale [70]. This 8-item scale includes items such as
How often do you fall asleep or get drowsy during class periods?
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and How often do you fall back to sleep after being awakened
in the morning? Response options include neverseldom,
sometimes, frequently, and always. The Cronbach α for this
scale was .81. Responses were dichotomized as high or low
level of sleepiness using the median reported level of sleepiness
(13) for inclusion in the LCA.

PIU: Adolescent Participants

PIU was measured using the validated 3-item Problematic and
Risky Internet Use Screening Scale survey [71]. The participants
responded to 3 questions related to internet use, including how
often do you experience increased social anxiety due to your
internet use, using a Likert scale. Response options included
never=1, rarely=2, sometimes=3, often=4, and very often=5.
The Cronbach α for this scale was .96. A total score of ≥3
indicated a risk for PIU, and responses were dichotomized as
at risk or not at risk for the LCA.

Depression: Adolescent Participants

Depression was measured using the 9-item Patient Health
Questionnaire (PHQ-9) [72]. This 9-item scale asks participants
how often they have experienced the following symptoms in
the past 2 weeks. Example items include little interest or
pleasure in doing things and feeling down, depressed, or
hopeless. Response options use a 4-point Likert scale from not
at all to nearly every day. The PHQ-9 had a Cronbach α of .82
[73]. We used the validated categorization of no depression
(scores 0-4), minimal depression (scores 5-9), mild depression
(scores 10-14), moderate to severe depression (scores 15-19),
and severe depression (scores >20) in the LCA.

Anxiety: Adolescent Participants

Anxiety was measured using a validated reduced version of the
Screen for Child Anxiety-Related Emotional Disorders scale
[74]. This 5-item scale asks participants how true each of the
items is for that participant, including statements such as People
tell me I worry too much, I am scared to go to school, and I am
shy. Response options include not true or hardly ever true=0,
sometimes true=1, and true or often true=2. The Cronbach α
has been reported as .70 to .90. We used the cutoff score of 3
to categorize the participants as at risk or not at risk for inclusion
of scores in the LCA.

FOMO: Adolescent Participants

FOMO was measured using the Fear of Missing Out scale [75].
This scale includes 10 items that measure FOMO, or the fear
that others are having more rewarding experiences that
participants were absent from or missed. Example items include
I fear my friends have more rewarding experiences than me, I
get anxious when I don’t know what my friends are up to, and
When I miss out on a planned get-together it bothers me.
Response options include a 5-point Likert scale from Not at all
true of me to Extremely true of me. The FOMO scale had good
internal consistency (Cronbach α=.90). We dichotomized
responses as high FOMO and low FOMO based on the median
summary score (23) for the LCA.

Body Image: Adolescent Participants

Body image was measured using the Body Image Scale [76].
This scale measures participants’ general satisfaction or

dissatisfaction with their body and appearance. Example items
include By and large, I am satisfied with my looks and I would
like to change a good deal about my body. Items were rated
with response options of 1=does not apply at all, 2=does not
apply well, 3=applies somewhat, 4=applies fairly well, 5=applies
well, and 6=applies exactly. The Cronbach α for this scale was
.82, indicating good internal consistency. We categorized
responses as low body image and high body image based on
the median summary score of 17 for the LCA.

Well-being Indicators: Adolescent Participants
These measures were answered by the adolescent participants.
Well-being indicators included the Mental Well-being scale
[77], the Interpersonal Reactivity Index to measure empathy
and perspective taking [78], a communication scale [79], the
Comprehensive Inventory of Thriving (CIT) [80], and an
assessment of extracurricular activities.

Mental Well-being Scale: Adolescent Participants

Mental well-being was measured using the Short
Warwick-Edinburgh Mental Well-being Scale [77]. This 7-item
validated scale asks participants to indicate how often they
agreed with the statement over the past 2 weeks. Example items
include I’ve been feeling optimistic about the future, I’ve been
feeling relaxed, and I’ve been thinking clearly. Response options
include a 5-point Likert scale from none of the time to all of the
time. The internal consistency reliability of the Short
Warwick-Edinburgh Mental Well-being Scale was strong
(Pearson Separation Index=0.84). We dichotomized the
summary scores by the median (27) for inclusion in the LCA.

Interpersonal Reactivity Index: Adolescent Participants

The Interpersonal Reactivity Scale was included, which has
subscales to measure empathy and perspective taking [78]. This
scale includes 14 items, 7 of which measure perspective taking,
or the tendency to spontaneously adapt the psychological point
of view of others. Items such as I try to look at everybody’s side
of a disagreement before I make a decision were included. The
subsequent 7 items assess empathetic concern, or other-oriented
feelings of sympathy and concern for unfortunate others. Items
such as I am often quite touched by things that I see happen and
I often have tender, concerned feelings for people less fortunate
than me were included in the empathetic concern subscale.
Response options use a 5-point Likert scale ranging from Does
not describe me well to Describes me very well. The internal
reliability of the scale was good (Cronbach α=.71-.77). These
2 subscales were each dichotomized at the median values: 16
for perspective taking and 18 for empathetic concern.

Communication Skills: Adolescent Participants

The Communication Skills Scale was used to measure
communication skills [79]. This validated scale includes 23
items that assess the effectiveness of one’s communication
skills, with items such as When talking to someone, I try to
maintain eye contact and I try to see the other person’s point
of view. Responses use a 5-point Likert scale from Never to
Always. The internal reliability of this scale was good (Cronbach
α=.83). Summary scores were dichotomized as high and low
communication skills based on the median summary score (52)
to categorize for inclusion in the LCA [81].
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CIT (Support, Learning, and Loneliness): Adolescent
Participants

The CIT was used with the subscales of support, learning, and
loneliness [80]. This validated scale includes 9 items and 3
factors. For each item, the participants were asked to indicate
their agreement with the statements. Example items for support
include There are people I can depend on to help me, example
items for learning include Learning new things is important to
me, and example items for loneliness include I often feel left
out. Responses use a 5-point Likert scale from strongly disagree
to strongly agree. The Cronbach α for these subscales was .88
for support, .84 for learning, and .90 for loneliness. We
dichotomized the responses using the median score for each of
the three subscales for inclusion in the LCA: the median for
support was 14, the median for learning was 12, and the median
for loneliness was 6.

Extracurricular Activities: Adolescent Participants

We assessed involvement in extracurricular activities via the
Involvement in Extracurricular Activities measure [82]. This
4-item scale asked the participants how many hours they spent
during an average week on each statement. Example items
include ...in clubs or organizations at school (other than sports)
and ...in clubs or organizations outside of school. Response
options include 0 hours, 1-2 hours, 3-5 hours, 6-10 hours, and
≥11 hours. This scale is described as being intended to describe
diverse activities; thus, the validation paper recommends against
a Cronbach α [82]. This measurement was dichotomized as
high or low extracurricular activity time based on the median
summary score of 8 for inclusion in the LCA.

Demographic Variables: Adolescent and Parent
Participants
Demographic variables reported by the adolescent participants
included self-reported age, which was dichotomized to represent
older adolescents (aged 16-18 years) and younger adolescents
(aged 13-15 years). The adolescents reported their gender
identity, which was categorized as female identity (female sex
and transgender females), male identity (male sex and
transgender males), and nonbinary and other identities. The
adolescents described their ethnicity as Hispanic or Latino or
non-Hispanic or Latino. The adolescents selected all categories
that described their race using the US census categories to
include White, Black or African American, Asian, American
Indian, Native Hawaiian, or Pacific Islander, multiracial, and
other. On the basis of a previous study showing that religion
mitigated what teenagers posted, religious identity was asked
about and dichotomized into reporting a religion or not [83].

We asked the parent participants to report their annual household
income. This variable was dichotomized using the US census
data that defined poverty such that the participants were
categorized as above or below the poverty line [84]. Parent
demographics also included gender and marital status.

Analysis

Overview
LCA is a nonparametric statistical method that characterizes
otherwise unobservable groups based on individuals’ response

patterns to multiple observable variables [85]. Thus, distinctive
mutually exclusive subgroups within a population can be
empirically identified using LCA [86]. Specifically, we used
LCA to identify distinct participant profile groups of
multifaceted constructs; in this study, these constructs included
technology ownership and use, parental involvement, health
outcomes, and well-being indicators. We included measures
representing these constructs as well as items representing
demographics as variables in the LCA.

LCA Data Preparation
Some measures were included in the LCA as individual items,
such as demographic variables and individual digital device
ownership items. Other measures included in the LCA were
summary scores derived from validated scales, such as the
PHQ-9 to assess depression. To address missing data, we used
the following process. For measures that consisted of multiple
items toward a summary score, if >70% of items were present,
we rescaled the total score based on the available items [87].

To prioritize the identification of subgroups representing distinct
profiles as our outcome, we used all measurement scale
outcomes as bivariate or categorical inputs for analysis. For
scale scores with published cutoffs, we used those scores to
create input categories. In cases in which there were no
published score cutoffs, we used the median value to separate
scores into high and low and included the high or low
designations as inputs in the LCA. For demographic data on a
continuous scale, we used the median as a cutoff to distribute
the variables into 2 categories.

LCA Procedure
We planned to include items in the LCA with both relevance
and frequency for our study purpose in our data set. We began
our analysis procedures with all 68 items that were selected a
priori for the survey. The Lo-Mendell-Rubin [88] likelihood
ratio test was used to identify the number of classes.
Specifically, the likelihood function of the LCA model with k
classes was compared with the likelihood function of an LCA
model with k – 1 classes. P<.05 indicated that the model with
k classes provided a better fit than the model with k – 1 classes.

After identification of an initial 2-class model, we used the
Fisher exact test to compare items between classes for the
preliminary model. Items with P<.10 were reviewed. Some
items with P<.10 were identified as subitems from within larger
concepts; thus, we retained those within the model. The final
model included all 65 items. The statistical analyses were
conducted using SAS software (version 9.4; SAS Institute Inc)
and M-Plus software (version 8; Muthen & Muthen 1998-2017).

Results

Participants
A total of 4592 adolescent-parent dyads began the survey, of
which 3981 (86.7%) completed the survey. Participants were
excluded for not completing ≥75% of the survey, responding
with single-response selections across multiple survey measures,
and 13.3% (611/4592) of adolescent-parent dyads were excluded
for these reasons. Regarding the included participants, the
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adolescents had a mean age of 15.0 (SD 1.43) years, 46.3%
(1842/3981) were female, 67.8% (2701/3981) were White, and

75% (2986/3981) lived in a household with an income above
the poverty line (Table 1).

Table 1. Demographic information of the participants (N=3981).

ValuesVariable and categories

Adolescent demographic information

Adolescent age (years), n (%)

1589 (39.9)12-14

2376 (59.7)15-18

15.02 (1.43)Adolescent age (years), mean (SD)

Adolescent sex, n (%)

1842 (46.3)Female (cisgender and transgender)

2081 (52.3)Male (cisgender and transgender)

58 (1.5)Other (nonbinary)

Adolescent race, n (%)

2701 (67.8)White

586 (14.7)Black and African American

137 (3.4)Native American and Alaskan Indian

197 (4.9)Asian

178 (4.5)Multiracial

182 (4.6)Other

Adolescent ethnicity, n (%)

3222 (80.9)Non-Hispanic

705 (17.7)Hispanic

Adolescent identifies with a religion, n (%)

2688 (67.5)Yes

1293 (32.5)No

Parent demographic information, n (%)

Household income below poverty line

2986 (75)No

975 (24.5)Yes

Parent sex

2672 (67.1)Female (cisgender and transgender)

1903 (47.8)Male (cisgender and transgender)

17 (0.4)Other (nonbinary)

Parent relationship status

2902 (72.9)Married or partner

1047 (26.3)Not married or partner

LCA Findings

Overview and Class Structure
The LCA revealed two distinct classes to describe our four areas
of focus for this study: (1) technology ownership and use, (2)
parental involvement, (3) health outcomes, and (4) well-being
indicators. Class 1 represented approximately two-thirds of the

participants (2501/3981, 62.8%), and Class 2 represented
approximately one-third of the participants (1480/3981, 37.2%).

Regarding demographic variables, Class 1 tended to be slightly
older and identify as female compared with Class 2, which had
more male and nonbinary participants. There were some
statistically significant differences between the 2 classes in
terms of ethnicity and race. Class 1 participants more often
described themselves as non-Hispanic, Black, multiracial, or
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other races compared with Class 2 participants. In contrast,
Class 2 participants often described themselves as Hispanic,
Asian, or Native American. Class 1 participants were more

likely to be religious and live below the poverty line compared
with Class 2 participants. Table 2 presents demographic
comparisons between the 2 classes.

Table 2. Distribution of demographic variables included in the latent class analysis in the 2-class model (N=3981).

P valueaClass 2 (n=1480; %)Class 1 (n=2501; %)Variable

.06Age (years)

41.9 b38.913-14

58.0261.115-18

<.001Sex

42.848.3Female

54.0551.2Male

3.110.48Other

<.001Ethnicity

21.1116.1Hispanic and Latino

78.983.92Non-Hispanic and non-Latino

.002Race

68.0467.7White

13.615.35Black or African American

4.392.9Asian, Asian Indian, or other Asian

6.24.2American Indian, Native Hawaiian, or other Pacific Islander

3.74.9Multiracial

4.14.9Other

.02Religion

30.333.8Religious

69.766.21Nonreligious

.08Parent relationship status

75.172.54With a partner

24.927.5Not with a partner

.07Household socioeconomic status

7774.43Above poverty line

22.9925.6At or below poverty line

aP value from chi-square test.
bItalicization denotes the class with the majority percentage for each measure.

Technology Ownership and Use
Regarding media use variables, Class 1 participants were more
likely to report family ownership of technology devices for most
devices, including computers, tablets, video game consoles,
televisions, and smartphones. Class 2 participants were more
likely to report that they, as adolescents, owned personal
technology devices, including televisions, computers, tablets,
and video games, compared with Class 2 participants.
Furthermore, Class 2 participants were more likely to report
both family and individual ownership of newer devices such as
VR headsets, wearable devices, and personal assistants. Class
2 participants were also more likely to report access to their
devices in their bedrooms compared with Class 1 participants.

Regarding age at which the first smartphone was acquired, Class
1 participants were more likely to report acquiring their first
smartphone between the ages of 12 and 14 years as well as being
more likely to report not having a smartphone compared with
Class 2 participants. Class 2 participants were more likely to
report acquiring their first smartphone either early (before the
age of 11 years) or later (ages 15-17 years). Furthermore, Class
2 was also more likely to report both checking and posting on
social media daily compared with Class 1.

Assessing the importance of technology interactions using the
ADTI, Class 1 consistently had lower scores and, in some cases,
only half of the summary scores for all ADTI subscales
compared with Class 2. Table 3 presents these findings.
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Table 3. Distribution of technology behaviors included in the latent class analysis in the 2-class model (N=3981).

P valueClass 2 (n=1480; %)Class 1 (n=2501; %)Variable

Family device ownership

<.00189.198.4 aTelevision

<.00178.885.9Computer

<.0016874.9Tablet

<.00172.280.8Video game console

<.00179.494.8Smartphone with internet access

<.00128.115.9VRb devices (such as Samsung Gear VR and Oculus)

.1532.234.4Wearable devices (such as smartwatches and fitness trackers)

.7834.333.9Personal assistants (such as Alexa and Google Home)

Adolescent device ownership

<.00163.457.2Television

<.00154.540.7Computer

<.00146.841.3Tablet

.00553.148.5Video game console

<.00169.783.2Smartphone with internet access

<.00118.56.8VR devices (such as Samsung Gear VR and Oculus)

<.00118.213.4Wearable devices (such as smartwatches and fitness trackers)

.00311.88.9Personal assistants (such as Alexa and Google Home)

Adolescent device access in bedroom

.0869.271.8Television

<.00152.437.9Computer

<.00145.538.9Tablet

<.00151.142.3Video game console

<.00166.476.3Smartphone with internet access

<.00116.55.7VR devices (such as Samsung Gear VR and Oculus)

<.00116.511.6Wearable devices (such as smartwatches and fitness trackers)

<.00112.18.7Personal assistants (such as Alexa and Google Home)

<.001Age of first smartphone (years)

34.427.7<11

51.256.812-14

12.510.315-17

1.95.2Does not own a smartphone

<.001Adolescent social media checking frequency

87.771.8Once a day or more

9.315.5Once a week or more

2.912.8Less than once a week or never

<.001Adolescent social media posting frequency

81.948.4Once a day or more

10.922.1Once a week or more

7.229.5Less than once a week or never

<.001Adolescent importance of technology interactions
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P valueClass 2 (n=1480; %)Class 1 (n=2501; %)Variable

71.837.4Subscale 1: technology to bridge online/offline experiences and
preferences

84.533.2Subscale 2: technology to assist in going beyond one’s current identity,
mood, or environment

67.742.8Subscale 3: technology for social connection

aItalicization denotes the class with the majority percentage for each measure.
bVR: virtual reality.

Parent Involvement
Regarding parent involvement, Class 1 parent participants were
more likely to report all categories of household rules compared
with Class 2 parent participants. Class 2 parent participants
were more likely to report no household rules or boundaries
around technology use. Parents in Class 2 were also more likely
to report more than daily social media checking and posting
compared with parents in Class 1.

Regarding internet-specific parenting styles, adolescents in
Class 1 were more likely to report strict rules around internet
content and positive parental communication about media use.
In comparison, adolescents in Class 2 were more likely to report
strict internet rules around time spent on technology and were
less likely to experience high-quality communication with their
parents about technology. Table 4 illustrates the findings on
parent involvement and rules previously described. Finally,
adolescents in Class 1 were more likely to report a higher-quality
parent relationship compared with adolescents in Class 2.
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Table 4. Distribution of parent involvement and rules included in the latent class analysis in the 2-class model (N=3981).

P valueClass 2 (n=1480; %)Class 1 (n=2501; %)Variable

Household media rules: parent-reported

<.00113.4 a9.1My house has no rules or boundaries for media use.

<.00153.0267.3My house has rules about what social media profiles are acceptable.

<.00144.960.4My house has rules about what privacy settings should be set for social media.

<.00143.767.9My house has rules about “friending” someone who is unknown offline.

.8424.925.3My house has rules about “screen-free zones” (rooms or places in the house, such
as a bedroom) where no one is allowed to use screens, including televisions, comput-
ers, and smartphones.

<.00125.945.5My house has rules about screen-free times (times when no one is allowed to use
media, such as dinnertime) when no one is allowed to use screens, including televi-
sions, computers, and smartphones.

<.00120.843.1My house has rules about viewing screens around bedtime.

<.001Parent social media checking frequency

92.878.2Once a day or more

4.511.5A few times a week

2.710.2Less than once a week

<.001Parent social media posting frequency

6124.6Once a day or more

21.331.8A few times a week

17.743.6Less than once a week

<.001Internet time rules: adolescent-reported

62.954.4Strict internet time rules

37.145.6Not strict internet time rules

<.001Internet content rules: adolescent-reported

27.266.2Strict internet content rules

72.833.8Not strict internet content rules

<.001Communication about internet: adolescent-reported

47.674.5High-quality communication about the internet

52.425.5Low-quality communication about the internet

<.001Parent-adolescent relationship: adolescent-reported

25.377.8More positive parent-adolescent relationship

74.722.2Less positive parent-adolescent relationship

aItalicization denotes the class with the majority percentage for each measure.

Health Outcomes
Regarding health-related variables, Class 1 participants reported
lower levels of physical activity compared with Class 2

participants. However, Class 1 participants also reported lower
rates of PIU, sleep impairment, depression, anxiety, FOMO,
and poor body image compared with Class 2 participants. Table
5 presents these findings.
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Table 5. Distribution of adolescent health measures included in the latent class analysis in the 2-class model (N=3981).

P valueClass 2 (n=1480; %)Class 1 (n=2501; %)Variable

<.001Physical activity

58.9 a53.2More physical activity

4146.8Less physical activity

<.001Daytime sleepiness

16.966.9Low

83.133.1High

<.001Depression

8.247.9No depression

13.640.7Minimal depression

21.99.6Mild depression

21.41.6Moderate depression

19.20.2Moderately severe depression

15.60.1Severe depression

<.001Anxiety

30.786.6Not at risk

69.313.4At risk

<.001Fear of missing out

14.970.5Low

85.229.5High

<.001Body image

15.870.4High

84.229.7Low

aItalicization denotes the class with the majority percentage for each measure.

Well-being
Participants in Class 1 scored higher on well-being, support,
learning, perspective taking, empathetic concern, and

communication skills than those in Class 2. Class 1 participants
reported less time spent on extracurricular activities compared
with Class 2 participants. Table 6 presents these findings.
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Table 6. Distribution of well-being measures included in the latent class analysis in the 2-class model (N=3981).

P valueClass 2 (n=1480; %)Class 1 (n=2501; %)Variable

<.001Mental well-being

3962.9 aHigh

60.937Low

<.001Interpersonal reactivity: perspective taking

41.456.4High

58.643.6Low

<.001Interpersonal reactivity: empathetic concern

23.968.9High

7631.1Low

.001Communication skills

47.552.7High

52.647.3Low

<.001Comprehensive Inventory of Thriving: support

23.275.6High

76.824.4Low

<.001Comprehensive Inventory of Thriving: learning

50.268.9High

49.831.1Low

<.001Comprehensive Inventory of Thriving: loneliness

3287.1High

6912.9Low

<.001Extracurricular activities

44.764.3More participation

55.335.8Less participation

aItalicization denotes the class with the majority percentage for each measure.

Discussion

This study used LCA to develop profiles of media use and parent
involvement and their associations with health outcomes and
well-being indicators. Although previous studies have
illuminated links between media and individual health outcomes
[4,89], the LCA classification method provides a rich
understanding of the patterns in which adolescents use
technology and media as well as an opportunity to understand
these patterns alongside the role of parents and health and
well-being indicators.

Previous LCA Findings
Our study findings can first be considered in the context of the
few previous studies that have used LCA approaches to study
adolescent media use. One previous study focused on quality
of life among Swiss adolescents and found 5 distinct classes,
with a high social technology use class scoring lowest on moods
but highest on social support [90]. Another study focused on
technology behaviors, including gaming and internet and
smartphone use, among Korean teenagers and assessed
psychosocial measures [91]. They found several subtypes,

including “dual problem users” who scored highest for addictive
technology behaviors and other psychosocial issues. A third
study of Australian adolescents found 3 clusters, 1 focused on
“instrumental” computer use related to email and general
computer use and 2 clusters related to gaming [92]. A fourth
study examined physical activity, screen-based media, and
self-harm among Chinese adolescents and found that the
highest-risk group had low physical activity, high media use,
and high self-harm [93]. Our study advances the field by
including parents as well as physical health, mental health, and
well-being measures. Our study is aligned with previous
literature, such as the finding that adolescents who struggle in
one domain, such as addictive technology behavior, often have
lower health behaviors in other areas, such as psychosocial
issues, and concerning health outcomes, such as sleep
impairment [93].

Study Findings in the Context of Previous Literature
Previous studies exploring the potential of media use to
negatively affect adolescents have produced mixed results,
leading some to argue that these effects are present for some
adolescents but not others. Research suggests that the effects
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of social media on adolescent well-being vary so widely that
media use has positive effects on some adolescents and negative
effects on others [94]. This finding has prompted a call for
research to consider a differential susceptibility model to identify
those individual differences that are likely to have susceptibility
to negative impacts [95].

Our study builds upon and expands on these previous findings
in several ways. First, our study includes both negative and
positive impacts, here defined as risk and health outcomes, using
previous evidence to define these categories. Aligned with the
differential susceptibility model, we found a 2-class model
illustrating that most adolescents who use media do well across
health behaviors and outcomes. A smaller proportion of
adolescents are at higher risk, and this risk extends across their
technology behaviors as well as health behaviors. A critical
difference between Class 1 and Class 2 was their reported level
of sleepiness, with Class 2 participants reporting far greater
sleep impairment compared with Class 1 participants. Given
the substantial impact that sleep can have on both mental and
physical health [96,97], this finding bears further exploration
and could be considered a target of future interventions to reduce
negative health consequences.

Second, our study included parents as a key construct in
understanding the links between technology use and health
outcomes. Parents are also the gatekeepers of device acquisition
and ownership. We assessed the role of parents as moderators,
supporters, and role models in the relationship between
adolescent technology use and health and well-being outcomes.
Compared with Class 2 participants, we found that Class 1
participants were more likely to have family-owned devices
than personally owned devices. Furthermore, adolescents in
Class 1 were more likely to have household rules that were often
centered on content, coviewing, and communication. Class 2
parents were more likely to report no rules, although Class 2
adolescents were more likely to report strict rules around screen
time. These mixed findings may suggest that, for some families,
the rules are unclear or are stated but not reinforced. Parents in
Class 2 were also more likely to report high levels of their own
daily social media use. Finally, Class 1 adolescents were more
likely to report positive parent-child communication about
technology use and a more positive parent-child relationship in
general compared with Class 2 adolescents. The consistency
and conceptual connection between these variables is a critical
finding of our study and a significant advancement in how we
understand the balance of health and risk from adolescents’
technology use. This study’s findings support the positive role
that engaged parents can play in promoting health and
preventing harm among adolescents related to technology use.
Thus, we propose to name the larger Class 1 Family-Engaged
Adolescents and the smaller Class 2 At-Risk Adolescents.

Study Findings in the Context of Emerging Paradigms
When seeking to frame the role of technology in our health and
well-being, one often hears terms such as online and offline or
online and in-real-life. These terms promote a separation of our
daily lives into 2 distinct worlds. News stories often frame
technology as something that should be reduced or avoided,
which could influence a view of technology as a risk behavior

itself. However, today’s teenagers have digital tools woven into
the fabric of their everyday existence. For adolescents,
technology may be seen as within and not separate from their
world and as something that can lead to healthy and less healthy
outcomes and experiences. To go beyond this dichotomous view
of technology, many researchers, policy makers, and families
seek new frameworks to consider and describe the role of
technology in how we navigate today’s world. Our study
supports this more comprehensive viewpoint as the findings
illustrate the strong alignment within each of our 2 classes across
physical health behaviors, technology behaviors, parenting
engagement, and mental and well-being outcomes.

An emerging framework that aligns with our study findings is
the Human Experience framework (HX) [98]. The HX approach
seeks to define technology as part of the human experience. As
such, it can be associated with both everyday and special
interactions and with both positive and negative experiences.
Applying HX to our approach to youth technology use may
allow us to avoid oversimplified categorizations of technology
use as bad or a risk behavior and see technology use as a
multifaceted activity that may be used in healthy and unhealthy
ways. Thus, the HX approach may be a step toward a more
comprehensive approach to understanding the role of technology
in young people’s lives and their differential susceptibility to
its benefits and risks based on their lived experience.
Furthermore, the HX approach may be a useful lens for
technology developers to see their products as part of a larger
set of life experiences that may affect or influence the adolescent
developmental period.

Limitations
The first limitation of this study is that our results may not
generalize beyond the study population of early adolescents
recruited via Qualtrics. Recruiting from a web-based panel of
participants meant that we could designate the study population
size and criteria but limited our ability to assess the external
validity of the sample. However, the Qualtrics platform and
panels have been used in other studies of early adolescents [58],
and the panels have been found to have close approximations
to the US population [56]. Second, LCA provides a systematic
approach to creating profiles representing critical variables,
although our interpretations of those profile groupings may have
inaccuracies. Furthermore, other unmeasured variables such as
other family or school factors may have influenced our study
outcomes. This study used cross-sectional data, which is
common within the LCA approach but does not allow for an
understanding of long-term predictors or consequences. All
measures were self-reported, and future studies including other
novel measurement approaches, such as biological or cognitive
studies, are needed.

Finally, it may be notable to readers that we did not investigate
any specific platforms in this study. Rather, we focused on
technology devices and social media use frequency.
Furthermore, we incorporated the technology use importance
scale (ADTI), which assesses critical interactions and functions
of technology that may apply to many different platforms. This
was a purposeful approach toward better understanding the
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mechanisms underlying technology use rather than the role of
specific platforms.

Implications and Future Directions
This study raises important implications for how we approach
the topic of adolescent technology use in health care, policy,
and research. Too often, the dialogue around adolescent
technology use has been to frame it as a negative risk behavior
that all adolescents should cease [99]. Our findings support that,
for a smaller group of adolescents in this study who made up
At-Risk Adolescents (Class 2), their higher rates of technology
ownership and use were associated with higher rates of health
risks and lower scores on well-being indicators. However, our
findings suggest that two-thirds of the adolescents who made
up Family-Engaged Adolescents (Class 1) in our study integrated
technology into their lives in ways that were not associated with
higher rates of depression, anxiety, or other poor health
outcomes. Thus, the study findings indicate that most
adolescents using technology do so in ways that do not lead to
increased risk of negative health consequences.

We propose that a critical factor that affected Family-Engaged
Adolescents’ (Class 1) health and well-being was the role of
parents. Family-Engaged Adolescents were more likely to have
household media rules at home regarding media and technology
use. Participants in this group were more likely to report that
the rules they had at home were aligned with the
recommendations of the AAP on content, communication, and
coviewing. Family-Engaged Adolescents were more likely to
communicate with their parents about their technology use and,
overall, they reported a positive relationship with their parents
compared with the At-Risk Adolescents (Class 2). Furthermore,
Class 1 parents used social media less frequently compared with
Class 2 parents, highlighting the integral aspect of role modeling
that parents have regarding technology use.

There are several concrete recommendations that this study
supports. First, consistent with AAP recommendations, we
recommend a shift away from rules centered on screen time.
Our evidence supports that household rules focused on content,
communication, and coviewing were more likely to be
associated with lower health risk and improved well-being (see

Multimedia Appendix 1 for more information). The findings of
this study can direct pediatricians’ and other health care
providers’ counseling toward parents and encourage them to
leverage these approaches at home. Providers can also partner
with parents to ensure that messaging around media is culturally
relevant and developmentally appropriate. Health care providers
may benefit from using technology within the clinic visit to
share these recommendations, such as through electronic health
record prompts to ask about technology behaviors and home
rules and after-visit summary resources, including
recommendations and links to resources.

These resources may include tools that can support parents in
creating media rules at home. First, the Family Media Use Plan
of the AAP has content, communication, and coviewing as key
elements, and this approach is without cost. Other for-profit
web-based tools such as Circle and Bark may integrate content
restrictions into family rule development, although these
programs are also at a cost and often focus predominantly on
screen time. Including adolescents in the discussion and
selection of rules is a critical tactic to obtaining their buy-in for
setting limits and boundaries.

Second, health care providers and researchers should consider
the integral role that parents play in their children’s media use.
In addition to recommending that parents create and enforce
household media rules, pediatricians can support parents in
developing positive relationships with their adolescents. These
approaches may include coviewing media. Counseling parents
about having awareness of their own technology use and their
role modeling of technology behaviors may be a critical
recommendation to influence health outcomes. Researchers
designing interventions must consider the role of parent support,
both related to technology and likely more broadly in
adolescents’ lives, if they want to truly affect adolescent
well-being. Finally, we encourage future research and policy
to consider technology as integrated into adolescents’ daily
lives. Our study supports the exploration of new frameworks
such as the HX approach toward the design of new policies and
studies to advance adolescent health (see Multimedia Appendix
2 for more information).
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Abstract

Background: Autism spectrum disorder (ASD) is a neurodevelopmental disorder that results in altered behavior, social
development, and communication patterns. In recent years, autism prevalence has tripled, with 1 in 44 children now affected.
Given that traditional diagnosis is a lengthy, labor-intensive process that requires the work of trained physicians, significant
attention has been given to developing systems that automatically detect autism. We work toward this goal by analyzing audio
data, as prosody abnormalities are a signal of autism, with affected children displaying speech idiosyncrasies such as echolalia,
monotonous intonation, atypical pitch, and irregular linguistic stress patterns.

Objective: We aimed to test the ability for machine learning approaches to aid in detection of autism in self-recorded speech
audio captured from children with ASD and neurotypical (NT) children in their home environments.

Methods: We considered three methods to detect autism in child speech: (1) random forests trained on extracted audio features
(including Mel-frequency cepstral coefficients); (2) convolutional neural networks trained on spectrograms; and (3) fine-tuned
wav2vec 2.0—a state-of-the-art transformer-based speech recognition model. We trained our classifiers on our novel data set of
cellphone-recorded child speech audio curated from the Guess What? mobile game, an app designed to crowdsource videos of
children with ASD and NT children in a natural home environment.

Results: The random forest classifier achieved 70% accuracy, the fine-tuned wav2vec 2.0 model achieved 77% accuracy, and
the convolutional neural network achieved 79% accuracy when classifying children’s audio as either ASD or NT. We used 5-fold
cross-validation to evaluate model performance.

Conclusions: Our models were able to predict autism status when trained on a varied selection of home audio clips with
inconsistent recording qualities, which may be more representative of real-world conditions. The results demonstrate that machine
learning methods offer promise in detecting autism automatically from speech without specialized equipment.

(JMIR Pediatr Parent 2022;5(2):e35406)   doi:10.2196/35406
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Introduction

Autism spectrum disorder (ASD, or autism) encompasses a
spectrum of disorders characterized by delayed linguistic
development, social interaction deficits, and behavioral
impairments [1]. Autism prevalence has rapidly increased in
recent years: according to the Centers for Disease Control and
Prevention, autism rates have tripled since 2000 to 1 in 44
children in 2018 [2]. In the United States alone, over 5 million
individuals are affected [3], and nearly 75 million are affected
worldwide. Despite the increasing prevalence of autism, access
to diagnostic resources continues to be limited, with 83.86% of
all American counties not having any [4]. These nationwide
inadequacies in autism resources are compounded by the lengthy
nature of diagnosis. On average, the delay from the time of first
consultations with health care providers to the time of diagnosis
is over 2 years. Such extensive delays often cause diagnosis at
a later age (usually ≥4 years old) [5], which may result in greater
lifelong impacts, including a higher likelihood of psychotropic
medication use, lower IQ scores, and reduced language aptitude
[6,7]. Given that timely autism identification and intervention
has been shown to improve treatment success and social
capabilities, research has focused on its early detection [7-11].

Although symptoms vary across individuals, prosody
abnormalities are among the most notable signs of autism, with
multiple studies suggesting that affected children display
peculiarities including echolalia, monotonous intonation, and
atypical pitch and linguistic stress patterns [12-14]. Given this,
an effective artificial intelligence sound classifier trained to
detect speech abnormalities common in children with autism
would be a valuable tool to aid autism diagnostic processes.

Prior research [15,16] investigated prosodic disorders in children
with autism to varying degrees of success. Cho et al [17]
developed models that achieved 76% accuracy on a dataset of
recorded interviews between children and unfamiliar adults,
trained on data recorded at a consistent location using a
specialized biosensor device with 4 directional microphones.
Similarly, Li et al [18] achieved high accuracies when training
on speech data recorded with multiple wireless microphones,
providing high purity recordings at a central recording location
(a hospital). However, both used data collected in centralized,
unfamiliar locations with high-quality recording equipment.
Such research, while promising, does not accelerate the process
of autism detection because it requires the use of specialized
equipment and centralized recording locations to provide

consistent audio quality, posing significant barriers to the
widespread availability of automatic diagnosis tools.
Additionally, interacting with unknown adults in foreign
environments could be stressful and possibly affect the behavior
of children with autism, thus leading to observations that are
not generalizable to the real world.

In this work, we propose a machine learning–based approach
to predict signs of autism directly from self-recorded
semistructured home audio clips recording a child’s natural
behavior. We use random forests, convolutional neural networks
(CNNs), and fine-tuned wav2vec 2.0 models to identify
differences in speech between children with autism and
neurotypical (NT) controls. One strength of our approach is that
our models are trained on mobile device audio recordings of
varying audio quality. Therefore, unlike other studies, our
approach does not necessitate specialized high-fidelity recording
equipment. Additionally, we attempt to capture naturalistic
speech patterns by recording children playing educational games
with their parents in a low-stress home environment. Finally,
our approach does not require a trained clinician to converse
with the child. To our knowledge, our method is the first to
aurally detect symptoms of autism in an unstructured home
environment without the use of specialized audio recording
devices.

Methods

Data Acquisition

Process
We obtained audio data of NT children and children with autism
in a home environment through Guess What?, a mobile game
designed for prosocial play and interaction at home between 2-
to 8-year-old developing children and their parents [19-23]
(Figure 1, “Guess What? Audio Data”). During a game session,
parents and children choose either a charades game (acting out
emotions, characters, sports, chores, or objects) or a simple quiz
game (identifying colors, shapes, numbers, and word spellings).
Children are directed to follow the rules of gameplay, while
parents serve as game mediators. Throughout the session,
parents record their children by placing their smartphones on
their foreheads with the front-facing camera oriented toward
the child. After each 90-second session, parents are given the
option to view their child’s game session video recording and
share it with our research team.
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Figure 1. Overview of audio-based AI detection pipeline. First, the educational video game Guess What? crowdsources the recording of videos of NT
children and children with ASD from consenting participants. Audio of children's speech is manually spliced from the videos and 3 models are trained
on this audio data. The first is a random forest classifier, which uses an ensemble of independently trained decision trees. The second is a CNN. The
third is a fine-tuned wav2vec 2.0 model. Model 1 takes commonly used speech recognition features as input, model 2 learns from spectrograms of the
audio, and model 3 takes the raw audio data itself as input. AI: artificial intelligence; ASD: autism spectrum disorder; CNN: convolutional neural
network; NT: neurotypical.

Distribution of Demographics
We collected a total of 77 videos of 58 children participating
in gameplay, recorded in the span of 4 years from 2018 to 2021.
The participants ranged in age from 3-12 years old and included
20 children with ASD (19 male and 1 female) and 38 NT
children (15 male, 22 female, and 1 unspecified). The median
age of the children with ASD was 5 years; the median age of
the NT children was 9.5 years. Parents involved in the study
consented to sharing their videos with our research team and
provided their child’s age, sex, and diagnosis.

Advantages
This pipeline offers several benefits over traditional diagnostic
workflows. Since only a smartphone is necessary, more children
can be assessed for autism than through in-lab procedures, with
lower costs of time and health care resource use. Through Guess
What?, a traditionally time-intensive health care process for
diagnosis could potentially be transformed into a quick and
enjoyable process. Furthermore, children recorded at home may
be more likely to behave in a naturalistic manner.

Data Preprocessing
Home videos are naturally variable in quality; their data contains
a number of irregularities that must be addressed prior to
analysis. In particular, parents or children would often join in
gameplay simultaneously, resulting in a variety of voices,
sometimes overlapping with one another. This overlap of voices
can complicate the isolation and extraction of the child’s voice.
In order to remove adult speech, we manually sampled only
child speech from each video, ensuring that each resulting clip
did not include any voice other than the child’s. Each child
contributed a mean of 1.32 videos and 14.7 clips, resulting in
a total data set size of 850 audio clips, representing 425 ASD
and 425 NT clips. The 850 clips were split into 5 folds, as shown
in Table 1, in preparation for 5-fold cross-validation. When
creating the folds, we included the restriction that all clips
spliced from a given child’s video had to be included in the
same fold to prevent models from learning from child-specific
recording idiosyncrasies, including environmental background
noise and audio quality.

Table 1. Distribution of 850 audio clips across 5 folds. Each of the 3 models was trained on the same distribution of clips with 5-fold cross-validation.

Fold 4Fold 3Fold 2Fold 1Fold 0Group

8783818787Neurotypical

8783818787Autism spectrum disorder

Classifiers
We investigated 3 machine learning methods to predict autism
from audio, each represented in Figure 1.

Random Forest
We trained random forests on a set of audio features
(Mel-frequency cepstral coefficients, chroma features, root mean
square, spectral centroids, spectral bandwidths, spectral rolloff,
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and zero-crossing rates) typically used in traditional signal
processing speech recognition. We also tried training other
models (including logistic regression, Gaussian Naive Bayes,
and AdaBoosting models), which did not perform as well. We
implemented the random forest model in scikit-learn and used
the following manually chosen hyperparameters:
maxdepth=20,000, nestimators=56, maxfeatures=15, minsamples split=10,
minsamples leaf=20, minweight fraction leaf=0.1.

CNN Model
We trained a CNN using spectrograms of our data as input
[24,25]. Our spectrograms were synthesized via the Python

package Librosa. Figure 2 shows an example of the
spectrograms used to train the CNN. The CNN, represented in
Figure 3, consists of 9 layers each with alternating convolution
and max pooling layers, as well as 3 dense layers with a L2
regularization penalty of 0.01. We investigated both training a
small CNN (~8 million parameters) from scratch and fine-tuning
the image recognition model Inception v3 (with ~33 million
parameters) trained on ImageNet [26]. However, our CNN
model with 8 million parameters ultimately performed slightly
better than the transfer learning approach, likely due to the
irrelevance of ImageNet features to spectrograms. Our final
CNN model, which we train for 15 epochs (until training
performance stopped improving), has 8,724,594 parameters.

Figure 2. Mel-frequency spectrogram for a neurotypical child speech segment, spliced from a Guess What? gameplay video. This spectrogram was
one of 850 used to train the convolutional neural network model with 8 million parameters, which yielded the highest accuracy of the 3 best-performing
models.
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Figure 3. (A) and (B) represent the same 8M CNN model architecture. This architecture performed best out of all of our tested architectures, including
a fine-tuned Inception v3 model. (B) was in part created with the Python package Visualkeras. 8M CNN: convolutional neural network with 8 million
parameters.

Wav2vec 2.0
We fine-tuned wav2vec 2.0, a state-of-the-art transformer model
pretrained on a self-supervised audio denoising task [27].
Although wav2vec 2.0 is typically used for speech-to-text
decoding, prior work [28] has demonstrated its utility for
suprasegmental tasks such as emotion prediction. We used the
facebook/wav2vec2-base variant and fine-tuned for 264 steps.
The final model has 95 million parameters.

Summary
For each method, we trained and evaluated using 5-fold
cross-validation. We ensured that clips from a child are
maintained in one fold to prevent the model from artificially
performing better by learning user recording idiosyncrasies (eg,
background noise). For each fold, we saved the weights for the
highest performing model after training and reported mean
accuracy (with threshold 0.5), precision, recall, F1 score, and
area under the receiver operating characteristic curve (AUROC),
averaged over the 5 folds.

Results

Of our models, the best-performing model was the CNN model
with 8 million parameters, achieving 79.3% accuracy, 80.4%
precision, 79.3% recall, 79.0% F1 score, and a mean AUROC
score of 0.822 (Table 2). Our wav2vec 2.0 model performed
comparably with our best CNN, achieving 76.9% accuracy,
78.2% precision, 74.6% recall, and 76.8% F1 score, and a mean
AUROC score of 0.815. On the other hand, our highest
performing lightweight machine learning model (random forest)
performed somewhat worse than the other 2 models, with 69.7%
accuracy, 68.7% precision, 74.4% recall, 69.4% F1 score, and
a mean AUROC score of 0.740.

Our receiver operating characteristic (ROC) curves for the top
3 highest performing models of each category are included in
Figure 4, panels A, C, and E. In each figure, ROC curves for
each individual fold and the mean curve are reported. One point
of interest is that each figure has variation in area under the
curve (AUC) values between folds to some degree. Moreover,
these variation trends are similar between models: for instance,
each model appears to perform well on fold 2 while performing
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relatively poorly on fold 3. This suggests that the data in each
fold may be too limited, resulting in folds that have differences
in content that cause varying model performance from fold to
fold. This disparity between AUC values is the greatest in Figure
4A, perhaps explainable by the random forest classifier’s small
size and lightweight traits. The wav2vec model (Figure 4E) has
the most unvarying results, implying that it is better at
consistently performing well at classifying unseen data than
either of the other two models. This is expected, given that the

wav2vec model contains far more parameters than either of the
other two models and is more robust.

In Figure 4, panels B, D, and F, we provide confusion matrices
for all 3 highest performing models. Figure 4D and Figure 4F
show that both the CNN and wav2vec models have relatively
few false positive predictions, while Figure 4B shows that the
random forest classifier has a relatively large number of false
positive predictions. All models have similar false negative
prediction rates.

Table 2. Performances on Guess What? data set. Results are reported with standard deviation over 5 different runs for each model.

AUROCa, mean
(SD)

F1 score, mean (SD)Recall, mean (SD)Precision, mean
(SD)

Accuracy, mean
(SD)

Model

0.740 (0.09)0.694 (0.013)0.744 (0.247)0.687 (0.010)0.697 (0.013)Random forest

0.822 (0.010)0.790 (0.014)0.793 (0.014)0.804 (0.014)0.793 (0.013)Convolutional neural network

0.815 (0.077)0.768 (0.006)0.746 (0.031)0.782 (0.021)0.769 (0.005)Wav2vec 2.0

aAUROC: area under the receiver operating characteristic curve.

Figure 4. (A) ROC curve for random forest model. (B) Confusion matrix for random forest model. (C) ROC curve for 8M CNN. (D) Confusion matrix
for CNN. (E) ROC curve for wav2vec 2.0 model. (F) Confusion matrix for wav2vec 2.0 model. All models were tested and trained on the Guess What?
audio data set, composed of child speech segments taken from educational gameplay videos. 8M CNN: convolutional neural network with 8 million
parameters; ASD: autism spectrum disorder; AUC: area under the curve; NT: neurotypical; ROC: receiver operating characteristic.
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Discussion

Principal Results
We trained multiple models to detect autism from our novel
data set of audio recordings curated from the educational video
game Guess What? We presented a set of systems that classify
audio recordings by autism status and demonstrated that both
CNNs and state-of-the-art speech recognition models are capable
of attaining robust performance on this task, with lightweight
statistical classifiers still achieving reasonable results.

Privacy
One consideration for any recorded audio medical diagnosis is
privacy [29-31], which is particularly important for studies
involving commonly stigmatized disorders like autism [32].
We note that since our proposed models are relatively
lightweight, they could feasibly be deployed at home on mobile
devices, allowing for private offline symptom detection as well
as privacy-preserving federated learning approaches [33]. Prior
work investigated using federated learning techniques to
preserve privacy while boosting model performance on a
functional magnetic resonance imaging classifier task; a similar
framework might be feasible for autism diagnosis, affording a
greater degree of privacy for parents who wish for a diagnostic
signal but hesitate to share videos with strangers [34].

Limitations
One limitation of our approach is the relative imbalances in the
gender distribution of children who comprised our speech data
set. Our data set included a split between 95% males with ASD
and 5% females with ASD for autistic speech segments, as well
as a 39% NT male, 58% NT female, and 3% NT unknown
gender split for NT speech segments. Our data set had a sizable
imbalance in terms of the relative proportion of males and
females with ASD represented. Although some imbalance is to
be expected due to the naturally skewed autism sex ratio, our
imbalance was larger than the observed real-world 4:1 to 3:1
male-to-female incidence ratio, which would result in a data set
containing an 80%-75% male and 20%-25% female split for
ASD segments [35,36]. Therefore, despite being closer to
replicating actual conditions than prior work, our data set may
still not be completely representative of real-world conditions.
Additionally, while we require parents to disclose their child’s
clinical diagnosis by choosing from options not widely known
to those who have not received a clinical evaluation, these labels
are self-reported and thus unverified.

Another limitation of our work is that we evaluated on a
relatively small data set. Additionally, manually splicing videos

to isolate child voices is a time-intensive process that may not
be scalable to larger data sets. The alternative—automatically
isolating voices through blind signal separation—is an
exceptionally challenging task [37,38]. However, it poses a
potential area of interest and is possibly a necessary hurdle to
overcome to develop widely available and consistently effective
autism machine learning diagnosis resources.

Future Work
One strength of our approach is the relatively small amount of
data required to train the model. Our models were trained on
clips spliced from a total of 115.5 minutes of audio yet still
yielded relatively accurate results, implying that training on
more data may improve performance.

Therefore, future directions include testing our models’
performance with additional data from a wider selection of both
children with autism and NT children. One particular area of
interest may be wearable devices such as Google Glass [39,40];
previous work [41-44] investigated delivering actionable,
unobtrusive social cues through wearables. Such approaches
have been demonstrated to improve socialization among children
with ASD [10,45], suggesting that they could also be used to
collect naturalistic data similar to this experiment in an
unobtrusive way.

Another area of interest for future work may be examining the
possibility of leveraging a distributed workforce of humans for
extracting audio-related features to bolster detection accuracy.
Previous work examined the use of crowdsourced annotations
for autism, indicating that similar approaches could perhaps be
applied through audio [31,46-51]. Audio feature extraction
combined with other autism classifiers could be used to create
an explainable diagnostic system [52-64] fit for mobile devices
[60]. Previous work investigated using such classifiers to detect
autism or approach autism-related tasks like identifying emotion
to improve socialization skills; combining computer
vision–based quantification of relevant areas of interest,
including hand stimming [58], upper limb movement [63], and
eye contact [62,64], could possibly result in interpretable
models.

Conclusions
Use of automatic audio classification could help to accelerate
and improve the accuracy and objectivity of the lengthy
diagnosis process for autism. Our models were able to predict
autism status by training on a varied selection of home audio
clips with inconsistent recording quality, which may be more
representative of real-world conditions. Overall, our work
suggests a promising future for at-home detection of ASD.
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Abstract

Background: Automated emotion classification could aid those who struggle to recognize emotions, including children with
developmental behavioral conditions such as autism. However, most computer vision emotion recognition models are trained on
adult emotion and therefore underperform when applied to child faces.

Objective: We designed a strategy to gamify the collection and labeling of child emotion–enriched images to boost the
performance of automatic child emotion recognition models to a level closer to what will be needed for digital health care
approaches.

Methods: We leveraged our prototype therapeutic smartphone game, GuessWhat, which was designed in large part for children
with developmental and behavioral conditions, to gamify the secure collection of video data of children expressing a variety of
emotions prompted by the game. Independently, we created a secure web interface to gamify the human labeling effort, called
HollywoodSquares, tailored for use by any qualified labeler. We gathered and labeled 2155 videos, 39,968 emotion frames, and
106,001 labels on all images. With this drastically expanded pediatric emotion–centric database (>30 times larger than existing
public pediatric emotion data sets), we trained a convolutional neural network (CNN) computer vision classifier of happy, sad,
surprised, fearful, angry, disgust, and neutral expressions evoked by children.

Results: The classifier achieved a 66.9% balanced accuracy and 67.4% F1-score on the entirety of the Child Affective Facial
Expression (CAFE) as well as a 79.1% balanced accuracy and 78% F1-score on CAFE Subset A, a subset containing at least
60% human agreement on emotions labels. This performance is at least 10% higher than all previously developed classifiers
evaluated against CAFE, the best of which reached a 56% balanced accuracy even when combining “anger” and “disgust” into
a single class.

Conclusions: This work validates that mobile games designed for pediatric therapies can generate high volumes of domain-relevant
data sets to train state-of-the-art classifiers to perform tasks helpful to precision health efforts.

(JMIR Pediatr Parent 2022;5(2):e26760)   doi:10.2196/26760

KEYWORDS

computer vision; emotion recognition; affective computing; autism spectrum disorder; pediatrics; mobile health; digital therapy;
convolutional neural network; machine learning; artificial intelligence

Introduction

Automated emotion classification can serve in pediatric care
solutions, particularly to aid those who struggle to recognize

emotion, such as children with autism who have trouble with
emotion evocation and recognizing emotions displayed by others
[1-3]. In prior work, computer vision models for emotion
recognition [4-6] used in digital therapeutics have shown
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significant treatment effects in children with autism [7-17]. The
increasing use of signals from sensors on mobile devices, such
as the selfie camera, opens many possibilities for real-time
analysis of image data for continuous phenotyping and repeated
diagnoses in home settings [18-33]. However, facial emotion
classifiers and the underlying data sets on which they are trained
have been tailored to neurotypical adults, as demonstrated by
repeatedly low performance on image data sets of pediatric
emotion expressions [34-39].

The Child Affective Facial Expression (CAFE) data set is
currently the most popular facial expression data set pertaining
to children. Prior machine learning efforts that do not include
CAFE images in the training set have reached 56% accuracy
on CAFE [36,37,39], even after combining facial expressions
(eg, “anger” and “disgust”) into a single class, thus limiting
granularity. We do not discuss prior publications that report
higher accuracy using subsets of the CAFE data set in the
training and testing sets. This overall lack of performance in
prior work highlights the need for developing facial emotion
classifiers that work for children. With a lack of labeled data
being the fundamental bottleneck to achieving clinical-grade
performance, low-cost and speedy data generation and labeling
techniques are pertinent.

As a first step toward the creation of a large-scale data set of
child emotions, we have previously designed GuessWhat, a
dual-purpose smartphone app that serves as a therapeutic for
children with autism while simultaneously collecting highly
structured image data enriched for emoting in children.
GuessWhat was designed for children aged 2 and above to
encourage prosocial interaction with a gameplay partner (eg,
mom or dad), focusing the camera on the child while presenting
engaging but challenging prompts for the child to try to act out
[40-43]. We have previously tested GuessWhat’s potential to
increase socialization in children with autism as well as its
potential to collect structured videos of children emoting facial
expressions [44]. In addition to collecting videos enriched with
emotions, GuessWhat gameplay generates user-derived labels

of emotion by leveraging the charades-style gameplay structure
of the therapy.

Here, we document the full pipeline for training a classifier
using emotion-enriched video streams coming from GuessWhat
gameplay, resulting in a state-of-the-art pediatric facial emotion
classifier that outperforms all prior classifiers when evaluated
on CAFE. We first recruited parents and children from around
the world to play GuessWhat and share videos recorded by the
smartphone app during gameplay. We next extracted frames
from the videos, automatically discarding some frames through
quality control algorithms, and uploaded the frames on a custom
behavioral annotation labeling platform named
HollywoodSquares. We prioritized the high entropy frames and
shared them with a group of 9 human annotators who annotated
emotions in the frames. In total, we have collected 39,968 unique
labeled frames of emotions that appear in the CAFE data set.
Using the resulting frames and labels, we trained a facial
emotion classifier that can distinguish happy, sad, surprised,
fearful, angry, disgust, and neutral expressions in naturalistic
images, achieving state-of-the-art performance on CAFE and
outperforming existing classifiers by over 10%. This work
demonstrates that therapeutic games, while primarily providing
a behavioral intervention, can simultaneously generate sufficient
data for training state-of-the-art domain-specific computer vision
classifiers.

Methods

Data Collection
The primary methodological contribution of this work is a
general-purpose paradigm and pipeline (Figure 1) consisting of
(1) passive collection of prelabeled structured videos from
therapeutic interventions, (2) active learning to rank the collected
frames leveraging the user-derived labels generated during
gameplay, (3) human annotation of the frames in the order
produced in the previous step, and (4) training a classifier while
artificially augmenting the training set. We describe our
instantiation of this general paradigm in the following sections.

Figure 1. Pipeline of the model training process. Structured videos enriched with child emotion evocation are collected from a mobile autism therapeutic
deployed in the wild. The frames are ranked for their contribution to the target classifier by a maximum entropy active learning algorithm and receive
human labels on a rating platform named HollywoodSquares. The frames are corresponding labels that are transferred onto a ResNet-152 neural network
pretrained on the ImageNet data set.

Ethical Considerations
All study procedures, including data collection, were approved
by the Stanford University Institutional Review Board (IRB

number 39562) and the Stanford University Privacy Office. In
addition, informed consent was obtained from all participants,
all of whom had the opportunity to participate in the study
without sharing videos.
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Recruitment
To recruit child video subjects, we ran a marketing campaign
to gather rich and diverse video inputs of children playing
GuessWhat while evoking a range of emotions. We posted
advertisements on social media (Facebook, Instagram, and
Twitter) and contacted prior study participants for other digital
smartphone therapeutics developed by the lab [13-15]. All
recruitment and study procedures were approved by the Stanford
University IRB.

User Interfaces

GuessWhat Smartphone Therapeutic
GuessWhat is a mobile autism therapy implemented on iOS
and Android, which has been previously documented as a useful
tool for the collection of structured video streams of children
behaving in constrained manners [40-44], including evocation
of targeted emotions. GuessWhat features a charades game
where the parents place the phone on their forehead facing the
child, while the child acts out the emotion prompt displayed on
the screen. The front-facing camera on the phone records a video
of the child in addition to corresponding prompt metadata. All
sessions last for 90 seconds. Upon approval by the parent, each
session video is uploaded to a Simple Storage Service (S3)
bucket on Amazon Web Services (AWS). The app has resulted
in 2155 videos shared by 456 unique children. Parents are asked
to sign an electronic consent and assent form prior to playing
GuessWhat. After each gameplay session, parents can (1) delete
the videos, (2) share the videos with the research team only, or
(3) share the videos publicly.

Emotions Considered
We sought labels for Paul Ekman’s list of six universal
emotions: anger, disgust, fear, happiness, sadness, and surprise
[45-48]. Ekman originally included contempt in the list of
emotions but has since revised the list of universal emotions.

Because CAFE does not include labels of contempt, we did not
train our classifier to predict contempt. We added a seventh
category named neutral, indicating the absence of an expressed
emotion. Our aim was to train a 7-way emotion classifier
distinguishing among Ekman’s 6 universal emotions plus
neutral.

HollywoodSquares Frame Labeling
We developed a frame-labeling website named
HollywoodSquares. The website provides human labelers with
an interface to speedily annotate a sequential grid of frames
(Figure 2) that were collected during the GuessWhat gameplay.
To enable rapid annotation, HollywoodSquares enables users
to label frames by pressing hot keys, where each key
corresponds to a particular emotion label. To provide a label,
users can hover their mouse over a frame and press the hot key
corresponding to the emotion they want to label. As more frames
are collected by GuessWhat, they continue to appear on the
interface. Because the HollywoodSquares system displays over
20 images on the screen at once, it encourages rapid annotation
and enables simultaneous engagement by many independent
labelers. This permits rapid convergence of a majority rules
consensus on image labels.

We ran a labeling contest with 9 undergraduate and high school
annotators, where we challenged each annotator to produce
labels that would result in the highest performing classifier on
the CAFE data set. Raters were aged between 15 and 24 years
and were from the Bay Area, Northeastern United States, and
Texas. The raters included 2 males and 7 females. For the frames
produced by each individual annotator, we trained a ResNet-152
model (see Model Training). We updated annotators about the
number of frames they labeled each week and the performance
of the classifier trained with their individual labels. We awarded
a cash prize to the annotator with the highest performance at
the end of the 9-week labeling period.

Figure 2. HollywoodSquares rating interface. Annotators use keyboard shortcuts and the mouse to speedily annotate a sequence of frames acquired
during GuessWhat gameplay.
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HollywoodSquares was also used for a testing phase, during
which iterations of the frame-labeling practices were made
between the research and annotation teams. All the labeled
frames acquired during this testing phase were discarded for
final classifier training.

All annotators were registered as research team members
through completion of the Health Insurance Portability and
Accountability Act of 1996 and Collaborative Institutional
Training Initiative training protocols in addition to encrypting
their laptop with Stanford Whole Disk Encryption. This provided
annotators with read-only access to all the videos and derived
frames from GuessWhat gameplay that were shared with the
research team.

The final labels were chosen by the following process. If all
annotators agreed unanimously about the final frame label, then
this label was assigned as the final frame label. If disagreements
existed between raters, then the emotion gameplay prompt
associated with that frame (the “automatic label”) was assigned
as the final label for that frame, as long as at least 1 of the human
annotators agreed with the automatic label. If disagreements
existed between raters but the automatic label did not match
any human annotations, then the frame was not included in the
final training data set.

Machine Learning

Model Training
We leveraged an existing CNN architecture, ResNet-152 [49],
with pretrained weights from ImageNet [50]. We used
categorical cross entropy loss and Adam optimization with a

learning rate of 3 × 10-4, with β1 set to .99 and β2 set to .999.
We retrained every layer of the network until the training
accuracy converged. The model converged when it did not
improve against a validation data set for 20 consecutive epochs.
We applied the following data augmentation strategies in
conjunction and at random for each training image and each
batch of training: rotation of frames between –15 and 15 degrees,
zooming by a factor between 0.85 and 1.15, shifting images in
every direction by up to 1/10th of the width and height, changing
brightness by a factor between 80% and 120%, and potential
horizontal flipping.

The CNN was trained in parallel on 16 graphics processing unit
(GPU) cores with a p2.16xlarge Elastic Cloud Compute instance
on AWS using the Keras library in Python with a Tensorflow
2 backend. With full GPU usage, the training time was 35
minutes and 41 seconds per epoch for a batch size of 1643,
translating to US $14.4 per hour.

We trained 2 versions of the model, with 1 exclusively using
non-GuessWhat public data set frames from (1) the Japanese
Female Facial Expression (JAFFE) [51], (2) a random subset
of 30,000 AffectNet [52] images (a subset was acquired to avoid
an out of memory error), and (3) the Extended Cohn-Kanade

(CK+) data set [53]; the other model was trained with these
public data set frames plus all 39,968 labeled and relevant
GuessWhat frames.

Model Evaluation
We evaluated our models against the entirety of the CAFE data
set [54], a set of front-facing images of racially and ethnically
diverse children aged 2 to 8 years expressing happy, sad,
surprised, fear, angry, fearful, and neutral emotions. CAFE is
currently the largest data set of facial expressions from children
and has become a standard benchmark for this field.

Although existing studies have evaluated models exclusively
against the entirety of the CAFE data set [34-39], we
additionally evaluated them on Subset A and Subset B of CAFE,
as defined by the authors of the data set. Subset A contains
images that were identified with an accuracy of 60% or above
by 100 adult participants [54], with a Cronbach α internal
consistency score of .82 (versus .77 for the full CAFE data set).
Subset B contains images showing “substantial variability while
minimizing floor and ceiling effects” [54], with a Cronbach α
score of .768 (close to the score of .77 for the full data set).

Results

Frame Processing
The HollywoodSquares annotators processed 106,001 unique
frames (273,493 including the testing phase and 491,343 unique
labels when counting multiple labels for the same frame as a
different label). Of the 106,001 unique frames labeled, 39,968
received an emotion label corresponding to 1 of the 7 CAFE
emotions (not including the testing phase labels). Table 1
contains the number of frames that were included in the training
set for each emotion class, including how many children and
videos are represented for each emotion category. The frames
that were not included received labels of “None” (corresponding
to a situation where no face or an incomplete face appears in
the frame), “Unknown” (corresponding to the face not
expressing a clear emotion), or “Contempt” (corresponding to
the face not expressing an emotion in the CAFE set). The large
number of curated frames displaying emotion demonstrates the
usefulness of HollywoodSquares in filtering out emotion events
from noisy data streams. The lack of balance across emotion
categories is a testament particularly to the difficulty of evoking
anger and sadness as well as disgust and fear, although to a
lesser extent.

Of the children who completed 1 session of the Emoji challenge
in GuessWhat and uploaded a video to share with the research
team, 75 were female, 141 were male, and 51 did not specify
their gender. Table 2 presents the racial and ethnic makeup of
the participant cohort. Representative GuessWhat frames and
cropped faces used to train the classifier, obtained from the
subset of participants who consented explicitly to public sharing
of their images, are displayed in Figure 3.

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e26760 | p.196https://pediatrics.jmir.org/2022/2/e26760
(page number not for citation purposes)

Washington et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Emotions represented in the HollywoodSquares data set, including how many children and videos are represented for each emotion category.

Number of videosNumber of childrenFrequencyEmotion

6228643Anger

95461723Disgust

89411875Fear

2287313,332Happy

2898716,055Neutral

9331947Sad

135525393Surprise

Table 2. Representation of race and ethnicity of children whose who played the “Emoji” charades category and uploaded a video to the cloud.

FrequencyRace/ethnicity

6Arab

16Black or African

16East Asian

36Hispanic

7Native American

5Pacific Islander

14South Asian

7Southeast Asian

100White or Caucasian

60Not specified
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Figure 3. Example of frames collected from GuessWhat gameplay, including examples of cropped (A) and original (B) frames. We have displayed
these images after obtaining consent from the participants for public sharing.

Performance on CAFE, CAFE-Defined Subsets, and
CAFE Subset Balanced in Terms of Race, Gender, and
Emotions
The ResNet-152 network trained on the entire labeled
HollywoodSquares data set as well as the JAFFE, AffectNet
subset, and CK+ data sets achieved a balanced accuracy of

66.9% and an F1-score of 67.4% on the entirety of the CAFE
data set (confusion matrix in Figure 4). When only the
HollywoodSquares data set was included in the training set, the
model achieved a balanced accuracy of 64.12% and an F1-score
of 64.2%. When only including the JAFFE, AffectNet subset,
and CK+ sets, the classifier achieved an F1-score of 56.14%
and a balanced accuracy of 52.5%, highlighting the contribution
of the HollywoodSquares data set.

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e26760 | p.198https://pediatrics.jmir.org/2022/2/e26760
(page number not for citation purposes)

Washington et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Confusion matrix for the entirety of the Child Affective Facial Expression data set.

To quantify the contribution of the neural network architecture
itself, we compared the performance of several state-of-the-art
neural network architectures when only including the
HollywoodSquares data set in the training set (Table 3). We
evaluated the following models: ResNet152V2 [49],
ResNet50V2 [49], InceptionV3 [55], MobileNetV2 [56],
DenseNet121 [57], DenseNet201 [57], and Xception [58]. The
same training conditions and hyperparameters were used across
all models. We found that ResNet152V2 performed better than
the other networks when trained with our data, so we used this
model for the remainder of our experiments.

The performance improved, resulting in a balanced accuracy
of 79.1% and an F1-score of 78% on CAFE Subset A (confusion
matrix in Figure 5), a subset containing more universally
accepted emotions labels. When only including the
non-GuessWhat public images in the training set, the model
achieved a balanced accuracy of 65.3% and an F1-score of
69.2%. On CAFE Subset B, the balanced accuracy was 66.4%
and the F1-score was 67.2% (confusion matrix in Figure 6); the
balanced accuracy was 57.2% and F1-score was 57.3% when
exclusively training on the non-GuessWhat public images.
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Table 3. Comparison of several popular neural network architectures trained on the same data seta.

Number of network parametersF1-score (%)Balanced accuracy (%)Model

60,380,64864.264.12ResNet152V2; He et al [49]

25,613,80063.1263.67ResNet50V2; He et al [49]

23,851,78459.6659InceptionV3; Szegedy et al [55]

3,538,98458.1957.63MobileNetV2; Sandler et al [56]

8,062,50459.1958.2DenseNet121; Huang et al [57]

20,242,98458.9557.02DenesNet201; Huang et al [57]

22,910,48060.5858.16Xception; Chollet and François [58]

aDefault hyperparameters were used for all networks.

Figure 5. Confusion matrix for Child Affective Facial Expression Subset A.

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e26760 | p.200https://pediatrics.jmir.org/2022/2/e26760
(page number not for citation purposes)

Washington et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 6. Confusion matrix for Child Affective Facial Expression Subset B.

Classifier Performance Based on Image Difficulty
CAFE images were labeled by 100 adults, and the percentage
of participants who labeled the correct class are reported with
the data set [54]. We binned frames into 10 difficulty classes
(ie, 90%-100% correct human labels, 80%-90% correct human
labels, etc). Figure 7 shows that our classifier performs
exceedingly well on unambiguous images. Of the 233 images

with 90%-100% agreement between the original CAFE labelers,
our classifier correctly classifies 90.1% of the images. The true
label makeup of these images is as follows: 131 happy, 58
neutral, 20 anger, 9 sad, 8 surprise, 7 disgust, and 0 fear images.
This confirms that humans have trouble identifying nonhappy
and nonneutral facial expressions. Of the 455 images with
80%-100% agreement between the original CAFE labelers, our
classifier correctly classifies 81.1% of the images.
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Figure 7. Classifier performance versus original CAFE annotator performance for 10 difficulty bins. The classifier tends to perform well when humans
agree on the class and poorly otherwise. The numbers in parentheses represent the number of images in each bin. This highlights the issue of ambiguous
labels in affective computing and demonstrates that our model performance scales proportionally to human performance. CAFE: Child Affective Facial
Expression.

Discussion

Principal Results
Through the successful application of an in-the-wild child
developmental health therapeutic that simultaneously captures
video data, we show that a pipeline for intelligently and
continuously labeling image frames collected passively from
mobile gameplay can generate sufficient training data for a
high-performing computer vision classifier (relative to prior
work). We curated a data set that contains images enriched for
naturalistic facial expressions of children, including but not
limited to children with autism.

We demonstrate the best-performing pediatric facial emotion
classifier to date according to the CAFE data set. The
best-performing classifiers evaluated in earlier studies involving
facial emotion classification on the CAFE data set, including
images from CAFE in the training set, achieved an accuracy of
up to 56% on CAFE [36,37,39] and combined “anger” and
“disgust” into a single class. By contrast, we achieved a balanced
accuracy of 66.9% and an F1-score of 67.4% without including
any CAFE images in the training set. This is a clear illustration
of the power of parallel data curation from distributed mobile
devices in conjunction with deep learning, and this approach
can possibly be generalized to the collection of training data
for other domains.

We collected a sufficiently large training sample to alleviate
the need for extracting facial keypoint features, as was the case
in prior works. Instead, we used the unaltered images as inputs
to a deep CNN.

Limitations and Future Work
A major limitation of this work is the use of 7 discrete and
distinct emotion categories. Some images in the training set
might have exhibited more than 1 emotion, such as “happily
surprised” or “fearfully surprised.” This could be addressed in
future work by a more thorough investigation of the final
emotion classes. Another limitation is that similar to existing
emotion data sets, our generated data set contains fake emotion
evocations by the children. This is due to limitations imposed
by ethics review committees and the IRB who, understandably
so, do not allow provoking real fear or sadness in participants,
especially young children who may have a developmental delay.
This issue of fake emotion evocation has been documented in
prior studies [4,5,59,60]. Finding a solution to this issue that
would appease ethical review committees is an open research
question.

Another limitation is that we did not address the possibility of
complex or compound emotions [61]. A particular facial
expression can consist of multiple universal expressions. For
example, “happily surprised,” “fearfully surprised,” and even
“angrily surprised” are all separate subclasses of “surprised.”
We have not separated these categories in this study. We
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recommend that future studies explore the possibility of
predicting compound and complex facial expressions.

There are several fruitful avenues for future work. The paradigm
of passive data collection during mobile intervention gameplay
could be expanded to other digital intervention modalities, such
as wearable autism systems with front-facing cameras
[7,8,11,13-17]. This paradigm can also be applied toward the
curation of data and subsequent training of other behavioral
classifiers. Relevant computer vision models for diagnosing
autism could include computer vision–powered quantification
of hand stimming, eye contact, and repetitive behavior, as well
as audio-based classification of abnormal prosody, among
others.

The next major research step will be to evaluate how systems
like GuessWhat can benefit from the incorporation of the

machine learning models back into the system in a closed-loop
fashion while preserving privacy and trust [62]. Quantification
of autistic behaviors during gameplay via machine learning
models trained with gameplay videos can enable a feedback
loop that provides a dynamic and adaptive therapy for the child.
Models can be further personalized to the child’s unique
characteristics, providing higher performance through
customized fine-tuning of the network.

Conclusions
We have demonstrated that gamified digital therapeutic
interventions can generate sufficient data for training
state-of-the-art computer vision classifiers, in this case for
pediatric facial emotion. Using this data curation and labeling
paradigm, we trained a state-of-the-art 7-way pediatric facial
emotion classifier.
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Abstract

Background: Intravenous injection is the most common medical treatment and the main cause of pain in hospitalized children.
If there is no appropriate health care for pain relief, the proportion of moderate and severe pain often exceeds 70%. With
nonpharmaceutical-based pain management, Buzzy is recognized as an effective device for rapidly relieving injection pain in
hospitalized children. However, Buzzy is not widely used in Asia and very few experimental studies in Asia have addressed the
effectiveness of the Buzzy device at treating needle pain in hospitalized children.

Objective: The main purpose of this study was to investigate the effectiveness of the Buzzy device for diminishing pain levels
among hospitalized children in Taiwan.

Methods: We applied a quasiexperimental design with random assignment. According to the time of admission, child participants
were randomly assigned to treatment and nontreatment groups. The Buzzy device was applied as an intervention in this study.
The samples size was 30 per group. The study participants were recruited from the pediatric ward of a medical center in northern
Taiwan. The research data were collected longitudinally at three time points: before, during, and after intravenous injection. Three
instruments were used for assessment: a demographic information sheet, the Wong-Baker Face Scale (WBFS), and the Faces
Legs Activity Cry Consolability (FLACC) scale. The data were analyzed by descriptive analysis, the Mann-Whitney U test, the

Wilcoxon signed-rank test, and the χ2 test.

Results: A total of 60 hospitalized children aged 3 to 7 years participated in this study, including 30 participants in the treatment
group and 30 participants in the nontreatment group. The average age of children in the treatment and nontreatment groups was
5.04 years and 4.38 years, respectively. Buzzy significantly mitigated pain in children during intravenous injection with a significant
difference between the two groups in pain-related response (FLACC) and actual pain (WBFS) (Z=–3.551, P<.001 and Z=–3.880,
P<.001, respectively). The children in the treatment group had a significantly more pleasant experience than those in the
nontreatment group (Z=–2.387, P=.02). When Buzzy was employed, the children experienced less pain than they did during
previous intravenous injections (Z=–3.643, P<.001).

Conclusions: The intervention of using the Buzzy device was effective in reducing pain levels of intravenous injection among
hospitalized children. The specific focus on children in Asia makes a valuable contribution to the literature. For clinical application,
the reliable pain relief measure of Buzzy can be used in other Asian children to help health care providers improve noninvasive
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care among children. For future applications, researchers could integrate Buzzy into therapy-related games and a technology-based
app to increase the efficiency of use and provide more data collection functions.

(JMIR Pediatr Parent 2022;5(2):e15757)   doi:10.2196/15757

KEYWORDS

hospitalized children; intravenous injection; pain; Buzzy

Introduction

Background
Hospitalization is an extremely stressful process for children,
who may exhibit degenerative or aggressive behavior when
undergoing medical treatments such as intravenous injections.
The related literature indicates that intravenous injection is the
most common medical treatment and the main cause of pain
and fear in hospitalized children [1-3]. Intravenous injection
often causes stress to both children and nurses, resulting in
difficulty of the cannulation process and a higher likelihood of
multiple attempts being required. Researchers reported that
administering an intravenous injection to hospitalized children
is highly difficult; two or more attempts were needed in 67.3%
of cases [4,5]. The average number of attempts for intravenous
insertion was found to be 4.2 [2]. During repeated attempts, a
child experiences moderate or severe pain, with the pain rating
reaching up to 71.0%-79.6% [6,7]. This not only wastes medical
supplies and nursing time but also heightens the tension and
affects the trust relationship between nurses and hospitalized
children [8,9]. With respect to other long-term impacts,
researchers have found that 62.3% of children fear the pain
caused by injection and 62.9% have negative memories of
injection [8], resulting in a negative experience that affects their
behavioral response to pain during future invasive treatments
[10-12]. Therefore, it is crucial for nurses and health care
providers to effectively relieve children’s pain during injections
and to mitigate their fear as well as to affect a positive
experience of injection [13].

With nonpharmaceutical-based pain management, Buzzy is
recognized as an effective device to be used for rapidly relieving
injection pain in hospitalized children. Through a cooling
sensation and vibration, Buzzy is easy use, inexpensive, and
fast-acting for reducing procedural pain [14-16]. Buzzy does
not require substantial preparation time before the injection and
provides effective pain relief. Buzzy is increasingly used during
various medical procedures, including intravenous injections
[12,14,17,18], the drawing of blood [15,19-22], and vaccination
[23,24]. Buzzy successfully mitigates treatment-related pain,
fear, and anxiety in pediatric patients. Whelan et al [20]
discovered that Buzzy not only relieved pain in children but
that 80% of children further wished to use the device during
their next injection.

Numerous benefits of the Buzzy device have been reported,
such as its short preparation time and ease of use, along with
benefits of the cute design in distracting children to reduce pain
and fear during injections [17,23,25]. However, Buzzy is not
widely used in Asia. According to a literature review, there are
very few experimental studies in Asia to address the
effectiveness of the Buzzy device at treating needle pain in

hospitalized children [26]. No clinical study has been reported
in applying the Buzzy device in hospitalized children in Taiwan.
Hence, in this study, we used Buzzy during intravenous
injections in hospitalized children and determined its
effectiveness at pain relief. Empirical data from this study can
provide clinical evidence to understand the effectiveness of
Buzzy devices for the clinical work environment in regions of
Asia. Given the specific focus on children in Asia, this study
should make a valuable contribution to the literature for
researchers and health care providers.

Research Purpose and Hypotheses
The main purpose of this study was to investigate the
effectiveness of the Buzzy device for diminishing pain levels
among hospitalized children in Taiwan. The specific aims of
the study were to determine (1) the pain levels of pediatric
patients during intravenous injections, (2) the effectiveness of
Buzzy for pain relief during intravenous injection in pediatric
patients, (3) relevant factors that affect the effectiveness of
Buzzy, (4) the degree of influence that injection experience has
on needle pain in preschool children during intravenous
injection, and (5) the demographics of children with different
pain levels during intravenous injection.

According to the purpose of the study, the following six research
hypotheses were tested:

1. The pain level of pediatric patients is lower when Buzzy is
used during intravenous injection.

2. The actual pain experienced by those given intravenous
injection using Buzzy is lower than the expected pain.

3. Intravenous injection in pediatric patients takes less time
when Buzzy is employed.

4. More pediatric patients report a satisfactory experience with
intravenous injection when Buzzy is employed.

5. If a child has had an unpleasant injection experience in the
past, their pain level during the present injection will be
higher.

6. The younger the child, the higher the pain level will be
during intravenous injection; the pain level during
intravenous injection is higher for girls than boys.

Methods

Study Design
This was a quantitative study with a quasiexperimental design.
Patient participants were alternately assigned to each group
upon admission. According to their time of admission and order
of recruitment, the children were randomly assigned to the
treatment or nontreatment group. For example, the first child
to arrive was assigned to the treatment group and the second
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child to arrive was assigned to the nontreatment group. Each
case was assigned a number to protect patient privacy.

The research data were collected longitudinally. The treatment
and nontreatment group data were collected at three time points:
before, during, and after intravenous injection. Before injection,
a questionnaire and interview were used to understand the
injection experience of the participant. The Wong-Baker Face
Scale (WBFS) was used to measure the expected pain of the
children before their intravenous injection. The Face, Legs,
Activity, Cry, Consolability (FLACC) scale was used to measure
the behavioral response of the children to pain during
intravenous injection. The WBFS was used after the injection
to measure the actual pain felt by the children during intravenous
injection. In the treatment group, the Buzzy device was placed
on the participant 5 cm above the intravenous site before needle
insertion.

Participants
The inclusion criteria of the study were as follows: (1) age 3-7
years, with the child accompanied by their parent; (2) required
to receive intravenous injection during hospitalization; (3) could
speak Mandarin or Taiwanese with clear consciousness; and
(4) participation consent of the patient or parent(s). The
exclusion criteria were (1) cognitive or developmental delay or

an inability to speak clearly, (2) chronic disease, (3) operation
required because of external injury or inflammatory condition,
and (4) refusal to complete the pain assessment scales and
resistance to measurement of vital signs.

The estimated number of participants for this study was
calculated according to the previous study of Moadad et al [12]
and the method of estimating sample sizes in two-group
comparisons [27]. Based on previous clinical research of the
Buzzy device for pain management, Moadad et al [12] indicated
that a total sample size of 50 was acceptable. With a power of
0.8, an acceptable two-sided 5% significance level, and a
difference of d=0.07, the sample size required per group in the
two-group comparison was calculated to be 33 [27]. According
to this previous research and considering the potential case
turnover rate, the samples size was determined to be 40 per
group in this study.

Framework
On the basis of the research purpose and results of a literature
review, the conceptual framework of the study displayed in
Figure 1 was proposed to elucidate the effects of Buzzy on the
pain felt by children aged 3-7 years during intravenous injection.
The pain level was then related to demographics and injection
experience.

Figure 1. Study framework. FLACC: Faces, Legs, Activity, Cry, Consolability; WBFS: Wong-Baker Face Scale.

Study Instruments

Overview
The research tools employed in this study were demographic
information analysis, a questionnaire regarding injection
experience, the WBFS and FLACC scale for assessing pain
level, and Buzzy.

Demographic Data
The demographic information and injection experience
questionnaire collected data on the basic information of the
child (age, sex, and education level), the accompanying primary
caregiver, previous injection experience (number of
hospitalizations and last injection experience), present injection
experience (injection duration and number of attempts), and
experience and feelings about the present injection.

Pain Scales

Wong-Baker Face Scale

The WBFS [28] is a face scale displaying six cartoon faces
depicting, from left to right, no pain to the highest pain, with
respective pain scores of 0, 2, 4, 6, 8, and 10. The recruiter
would point with their finger at the leftmost face and move
rightward, explaining to the child that the faces toward the right
indicate “more painful.” They asked the children to point to the
face that best described their pain and the recruiter recorded the
corresponding score. The pain scores were classified into mild
pain (0-3), moderate pain (4-6), and severe pain (7-10). The
reliability and validity of the WBFS have been confirmed by
expert scholars, and the scale has reliable construct validity,
convergent validity, and predictive validity. The Cronbach α is
.82-.92 [29,30].

FLACC Scale

Using the FLACC scale [31], the recruiter observed the behavior
of the children during intravenous injection: their facial
expression, leg movement, activity, crying, and consolability.
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The child was assigned a score ranging from 0 to 2 for each
behavior type, and the five scores were summed and recorded.
A total score of 0 denoted that the child was relaxed and
comfortable, a score of 1-3 denoted slight discomfort, a score
of 4-6 denoted moderate discomfort, and a score of 7-10 denoted
severe discomfort.

Buzzy Device
Buzzy is a device developed by the emergency pediatrician
Amy Baxter, MD, in 2011. Buzzy is mainly based on the gate
control theory of pain, aiming at the effect of cold and vibration
at the injection site to achieve pain relief. The Buzzy device is
approximately 8×5×2.5 cm in size, and its exterior design is in
the shape of a bee (Figure 2). A thin ice bag resembling a wing

is attached to the bottom of the main body of the device, which
can be directly fixed above the injection site. Turning on the
Buzzy device within 30 seconds to 1 minute before injection
can significantly improve the pain of injection. The Buzzy
device has demonstrated clear effects on pain and can be used
for needle-related treatments, including intravenous injection,
preventive injection, and blood draws [17,21,23,32].

In the treatment group, the recruiter secured Buzzy on the
participant at a location 5 cm above the site of intravenous
injection. The device was placed as close as possible to the site
without affecting the injection process and results. The Buzzy
device was switched on 1 minute before the injection and was
turned off after completion of the injection.

Figure 2. Image of the Buzzy device.

Data Collection
The recruiter explained the research purpose, methods, and
content to the ward head nurse and nursing staff. The recruitment
of participants and data collection were performed without
affecting nursing care activities. Two nurses with 3 years of
nursing experience were recruited for this study and participated
in the study briefing workshop so as to understand the purpose
of the study and the steps to perform it.

The recruiters invited children that met our inclusion criteria to
participate in the study and randomly assigned them to the
treatment or nontreatment group according to their time of
admission and order of recruitment. The recruiters explained
the research purpose and method to the children and their
caregiver(s), and after obtaining consent, the caregiver was
asked to sign a consent form. For the treatment group, the

recruiter explained the Buzzy device to the caregiver and child
using a video and the Buzzy device. The data collection
procedure is illustrated in Figure 3.

In the treatment group, the implementation of the intervention
consisted of three main steps. First, a video was used to explain
the Buzzy device and its operating procedures to the caregivers
and the hospitalized children, while allowing the children to
touch the Buzzy device and experience its vibration and
coldness. Second, when the child came to the treatment room,
the nurse and the recruiter fixed the Buzzy device with a belt
to 5 cm above the injection site of the patient. Third, the Buzzy
device was turned on within 1 minute before the injection so
that the child could be attracted by the vibration and coldness
of the device. The recruiter turned off the device when the nurse
completed the injection.
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Figure 3. Flowchart of the study procedure. FLACC: Faces, Legs, Activity, Cry, Consolability; WBFS: Wong-Baker Face Scale.

Data Analysis
We used SPSS Statistics version 22.0 for statistical analysis.
The collected data were organized, assigned serial numbers,
and then input to a computer system. According to the nature
of the research variables, descriptive statistics (frequency
distribution, mean and SD, and percentage) were obtained. The
normality of the data in this study was checked before applying
inferential statistical analysis. Tests for normality showed a
nonnormal distribution of pain scales (WBFS, FLACC),
duration, number of attempts, and previous and current
intravenous experience. Therefore, group comparisons of these

data were performed using the χ2 test, Mann-Whitney U test,
Wilcoxon signed-rank test, and Kruskal-Wallis test. This study
used two-tailed tests with significance set at P<.05.

Ethics Approval
This study program obtained prior approval from the Chang
Gung Medical Foundation Institutional Review Board
(201701889A3).

Results

Participant Characteristics
Our research participants were children aged 3-7 years that
required intravenous injection during hospitalization. The

recruitment period was January 30 to May 10, 2018, during
which 64 children who met our criteria were invited to
participate. Four primary caregivers declined. A total of 60
children/caregivers agreed to participate. According to their
time of admission and order of recruitment, the participants
were randomly assigned to the treatment or nontreatment group.
Each group comprised 30 participants.

The average age of the treatment and nontreatment group was
5.04 years and 4.38 years, respectively. The treatment group
had more male participants (19/30, 63%), whereas the
nontreatment group had more female participants (18/30, 60%).
In the treatment group, 24 participants (80%) had previously
been hospitalized, whereas only 19 (63%) participants in the
nontreatment group had previously been hospitalized. In the
treatment group, 19 of the 30 participants (63%) had a previous
unpleasant experience with intravenous injection, and 19 of 23
participants (83%) in the nontreatment group reported a previous
unpleasant experience. The average duration of injection of the
treatment and nontreatment groups was 6.63 and 6.57 minutes,

respectively, which was not significantly different (χ2
2=3.42,

P=.18). The injection was successful at the first attempt for
most children in both groups: 26/30 (87%) in the treatment
group and 23/30 (77%) in the nontreatment group. Two attempts
were required for the remaining children and more than two

attempts were not required for any participant. The χ2 tests of
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demographic information revealed no significant intergroup
differences (P>.05) regarding age, sex, hospitalization

experience, last injection experience, injection duration, and
number of attempts, as detailed in Table 1.

Table 1. Demographic information of research participants (N=60).

P valuedfχ 2Nontreatment group (n= 30), n (%)Treatment group (n=30), n (%)Variable

.0637.38Age (years)

13 (43)5 (17)3-4

7 (23)6 (20)4-5

9 (30)14 (47)5-6

1 (3)5 (17)6-7

.0713.27Sex

12 (40)19 (63)Male

18 (60)11 (37)Female

.1512.05Inpatient experience

11 (37)6 (20)No

19 (63)24 (80)Yes

.1212.38Previous experience of intravenous injection

4 (17)11 (37)Good (3-5)

19 (83)19 (63)Poor (0-2)

.1823.42Injection duration (minutes)

16 (53)20 (67)<5

10 (33)4 (13)5-10

4 (13)6 (20)>10

.3111.00Number of attempts

23 (77)26 (87)1

7 (23)4 (13)2

Level of Pain Relief With Buzzy

Expected Pain Before Employing Buzzy During
Intravenous Injection
In the treatment room before injection, the WBFS was used to
determine the pain that the children were expecting from the
intravenous injection. The median pain score was 6.00 in the

treatment group. Moderate pain, with a score of 4-6, was
indicated by 46.67% (n=14) of the children, and severe pain,
with a score of 7-10, was indicated by 36.67% (n=11) of the
children; thus, overall, 83.34% of the children were expecting
moderate or severe pain. The Mann-Whitney U test revealed
no significant difference between the groups regarding the
expected pain, as shown in Table 2.

Table 2. Comparison of pain scores between the treatment and nontreatment groups (N=60).

P valueZNontreatment group (n=30), medianTreatment group (n=30), medianVariable

.51–0.6596.006.00Expected pain before injection (WBFSa)

<.001–3.5516.004.00Behavioral response to pain during injec-

tion (FLACCb)

<.001–3.8808.002.00Actual pain after injection (WBFS)

aWBFS: Wong-Baker Face Scale.
bFLACC: Faces, Legs, Activity, Cry Consolability.

Pain-Related Response When Using Buzzy During
Injection
Pain during injection denoted the pain experienced by the
children from applying the tourniquet until needle insertion was

completed and the drip was connected. During injection, the
FLACC scale was used to score the behavioral responses of the
children to pain. The median pain score was 4.00 in the
treatment group; overall, 37% (n=11) of the children experienced
moderate pain (score of 4-6) and 20% (n=6) experienced severe
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pain (score of 7-10). Thus, 57% (n=17) of the children
experienced moderate or severe pain, which was 40% lower
than the percentage in the nontreatment group. In the treatment
group, 43% more children reported a pain score of less than 4
(mild pain) in comparison with the nontreatment group. The
Mann-Whitney U test showed a significant difference between
the two groups in behavioral responses to pain during injection
(Table 2). Thus, Buzzy significantly ameliorated the children’s
behavioral response to pain during injection.

Actual Pain Felt and Reported After Using Buzzy During
Intravenous Injection
In the treatment room after injection, the WBFS was used to
measure the actual pain felt by the children during the
intravenous injection. The median pain score was 2.00 in the
treatment group; 27% (n=8) of the children experienced
moderate pain and 17% (n=5) experienced severe pain. Overall,
43% experienced moderate or severe pain, which was 47%
lower than that in the nontreatment group. The Mann-Whitney

U test revealed that the pain score after injection was
significantly different between the two groups (Table 2). Thus,
Buzzy significantly mitigated pain during intravenous injection.

Comparison of Expected Pain With Actual Pain When
Buzzy Was Employed
The median expected pain before intravenous injection,
determined using the WBFS, was 6.00 in the treatment group;
83% (n=25) of children reported a pain score of 4 or greater.
The median actual pain score, reported after the intravenous
injection and again using the WBFS, was 2.00 in the treatment
group and 43% (n=13) of children reported a pain score of 4 or
greater. The Wilcoxon signed-rank test showed a significant
difference between expected and actual pain in the treatment
group but not in the nontreatment group (Table 3). When Buzzy
was employed, the actual pain was lower than the expected pain,
confirming that Buzzy reduced the pain experienced during
intravenous injection in children.

Table 3. Comparison of expected and actual pain (Wong-Baker Face Scale) in the two groups (N=60).

P valueZActual pain, medianExpected pain, medianGroup

.008–2.6522.006.00Treatment group (n=30)

.09–1.6898.006.00Nontreatment group (n=30)

Duration of Intravenous Injection, Number of Attempts,
and Injection Experience When Buzzy Was Employed
The median duration of the injection procedure was 5 minutes
in both the treatment and nontreatment groups, with no
significant difference (Table 4). Thus, use of Buzzy did not
lengthen the duration of the injection procedure. The median
number of attempts was 1.00 in both the treatment and
nontreatment groups, with no significant difference (Table 4).
Therefore, use of Buzzy did not significantly affect the number
of attempts at needle insertion.

The children were asked to rate their present intravenous
injection experience using a rating scale of 0-5: extremely poor
(0), very poor (1), poor (2), satisfactory (3), good (4), and
excellent (5). The children in the treatment group rated their
experience with the present intravenous injection significantly
higher than that of children in the nontreatment group (Table
4). Therefore, the use of Buzzy provided pain relief during the
injection and resulted in a less painful experience compared
with that experienced when the device was not used.

Table 4. Table4. Comparison of duration, number of attempts, and previous and present intravenous injection experiences (N=60).

P valueZNontreatment group (n=30), medianTreatment group (n=30), medianVariable

.16–1.3935.005.00Injection duration (minutes)

.32–0.9931.001.00Number of attempts

.32–0.9961.001.50Previous intravenous injection experiencea

.02–2.3872.504.00Present intravenous injection experiencea

aRated on a scale of 0-5 from “extremely poor” to “excellent.”

Degree of Influence of Injection Experience on Needle
Pain
The interview and asked the children about their previous
experiences of intravenous injection. After their injection, the
children were requested to rate their experience with the
injection on the previously mentioned scale of 0 (extremely
poor) to 5 (excellent). The Mann-Whitney U test was used to
determine the difference between the groups regarding their
previous and present intravenous injection experiences.
Regarding previous intravenous injection experiences, no

significant difference was discovered between the groups (Table
4).

However, the use of Buzzy in the present intravenous injection
gave the treatment group a less painful experience than the
nontreatment group, representing a significant difference (Table
4). The Wilcoxon signed-rank test was applied to compare the
experience of the previous and present injection within the
groups, showing that both groups experienced less pain in the
present intravenous injection than in previous intravenous
injections (Z=–3.643, P<.001; Z=–2.348, P=.02). In summary,
both groups had mostly negative previous experiences with

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e15757 | p.213https://pediatrics.jmir.org/2022/2/e15757
(page number not for citation purposes)

Cho et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


intravenous injection, and the Buzzy device not only mitigated
pain during the injection but further improved the children’s
experience of the injection, generating positive experiences.

Demographic (Sex and Age) Effects on Pain Level
The children were divided into four age groups: 3-4, 4-5, 5-6,
and 6-7 years. Age group–based differences in experience with
the present intravenous injection, expected pain before the
injection, pain-related response during the injection, and actual
pain felt were analyzed. The Kruskal-Wallis test revealed no
significant differences between age groups regarding these
variables (P>.05).

The Mann-Whitney U test was employed to determine the
differences in experience between the sexes regarding their
present intravenous injection, pain-related response during the
injection, and actual pain felt. In the nontreatment group,
experience with the present intravenous injection and
pain-related response during the injection were significantly
different between the sexes (Z=–2.441, P=.02; Z=–2.566,
P=.01); however, no sex-based differences were significant in
the treatment group.

Discussion

Effectiveness of Buzzy at Pain Relief
According to the results of Moadad et al [12] and Canbulat et
al [17], the use of Buzzy significantly mitigates pain in children
during intravenous injection. Our study obtained similar
findings, with the two groups having significantly different
(Z=–3.551, P<.001; Z=–3.880, P<.001) pain-related responses
and actual pain. Our findings are consistent with those of
previous studies, showing that Buzzy reduces needle pain in
children. Additionally, Lin et al [10] revealed that the expected
pain before intravenous injection predicted the pain level felt
during an intravenous injection with 63.4% of the variance
explained. In our study, the average expected and actual pain
scores in the nontreatment group were greater than 6, indicating
that the children’s expectations of pain were met; that is, the
actual and expected pain were not significantly different
(Z=–1.689, P=.09). However, when Buzzy was employed, the
actual pain level was lower than the expected pain level
(Z=–2.652, P=.008), revealing that Buzzy reduced needle pain
in the children during intravenous injection.

In summary, in the absence of an effective intervention measure,
the children experienced moderate or severe needle pain during
intravenous injection, whereas when Buzzy was used, the
behavioral response to pain during injection (FLACC score)
and actual pain felt were significantly lower. We also discovered
that although the purpose and operation of Buzzy had been
explained to the children, because they had not previously seen
or used Buzzy, the children remained anxious about needle pain,
and therefore the expected pain was not significantly different
between the two groups. During injection when Buzzy was
employed, the children were more cooperative during the
injection process; these children also reported less pain and a
significant difference was achieved in comparison with that of
the nontreatment group. The children also wished to use the
device during their next injection.

Degree of Influence of Buzzy on the Present Injection
Moadad et al [12] reported that the duration of intravenous
injection did not differ between their treatment and nontreatment
groups. The injection duration in this study was defined as the
time from applying the tourniquet until the intravenous tube
was connected to the drip. Buzzy was switched on 15 seconds
to 1 minute before the injection was initiated and was switched
off after the injection was complete. The entire procedure took
less than 7 minutes for both groups, and the duration did not
significantly differ between the groups (Z=–1.393, P=.16). This
can be attributed to the injection being successful at the first
attempt in most of the children, regardless of group (treatment
group: 87%; nontreatment group: 77%). The intergroup
difference in the rate of successful injection was nonsignificant
(Z=0.993, P=.32). We thus found that using Buzzy did not affect
the rate of successful injection or injection duration; however,
the children in the treatment group were more cooperative during
the injection process. This could increase the willingness of
clinical staff to use Buzzy.

Degree of Influence of Intravenous Injection
Experience on Needle Pain
Hsieh et al [8] reported that 62.9% of children had an unpleasant
experience of injection in the past. In our study, 19 children in
both the treatment (63%, 19/30) and nontreatment (83%, 19/23)
groups had a previous unpleasant experience, showing that most
of the child participants had experience of intravenous injection
and most of these experiences were unpleasant.

The literature suggests that hospitalized children have the ability
to expect pain during injections, and combined with their
previous experiences, each injection affects their attitude and
feelings toward the next injection. This experience also affects
their response to painful treatment in the future, and according
to unpleasant previous experiences, the children have the same
emotions and some may even resist treatment [10,33]. The
children in our treatment group had a significantly more pleasant
experience than those in the nontreatment group (Z=–2.387,
P=.02). When Buzzy was employed, the children experienced
less pain than they did during previous intravenous injections
(Z=–3.643, P<.001). These findings indicate that a reliable pain
relief measure should be used when administering intravenous
injection to children to prevent an unpleasant experience from
affecting their next injection. The pediatric wards of medical
centers should thus use pain relief measures and consider
including them as part of routine nursing procedures.

Age- and Sex-Based Differences in Pain Levels
Karakaya and Gozen [30] reported that the particular age of
preschool children did not affect their pain levels. However,
some studies discovered that older children experience less pain
(P=.03) [18] and younger children self-report stronger pain
[10,12,34]. When an effective intervention was employed for
pain relief, no significant age- and sex-based differences were
discovered in one study [22]. In this study, the average age of
the children in the treatment and nontreatment groups was 5.04

years and 4.38 years, respectively. The χ2 test revealed no

significant difference in age (χ2
3=7.38, P=.06) between the two

groups. We divided the children into four age groups and
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determined whether the children in these four age groups had
different injection experiences, expected pain before injection,
pain-related response during injection, and actual pain. The
Kruskal-Wallis test revealed no significant age-based differences
in either group. The child participants in our study were limited
to hospitalized children aged 3-7 years; therefore, our results
cannot fully indicate whether age was an influencing factor.
Future studies could explore this issue.

Some scholars have reported that sex does not affect the pain
levels felt by children [22,30,34], whereas others have reported
that girls experience greater levels of pain [23,35], revealing
inconsistency regarding the effect of sex on pain level. In our
study, the treatment group included more boys (n=19, 63%),
whereas the nontreatment group had more girls (n=18, 60%);

the χ2 test showed no significant difference between the two

groups (χ2
1=3.27, P=.07). The Mann-Whitney U test was

performed to determine whether children of different sexes had
differing injection experiences, pain-related response during
injection, and actual pain. In the nontreatment group, injection
experience and pain-related response during injection were
significantly different between the boys and girls (Z=–2.441,
P=.02; Z=–2.566, P=.01), whereas in the treatment group,
significance was not achieved in any of these three aspects. This
result showed that the use of Buzzy closed the gap between the
sexes regarding pain level. This result is consistent with that of
another study in which an intervening measure was employed
to reduce pain [22].

Implementation

Clinical Practice
The use of Buzzy is noninvasive and can be employed
independently by nurses without medical advice. Before use, a
simple assessment of suitability was performed in this study,
and the device was then illustrated and its operation explained
to the children. This obtained their trust and enhanced their
cooperation during the process to achieve maximum pain relief.
The Buzzy device is worthy of consideration and application
by nurses. The device has a cute appearance; nurses could
integrate it into therapy-related games by giving it a human
voice, which is often effective with hospitalized children. Buzzy
can also be considered for use during other invasive procedures
such as intramuscular injection and blood sugar measurement.

According to our results, measures for relieving pain during
intravenous injection should have certain characteristics,
including being suitable for most children, easy to use, having
a short preparation time, and not affecting the rate of successful
injection or procedural duration; additionally, no discomfort or
injury should occur as a result of using the tool. Pain relief
during injections should be proactively provided and routinely
included in procedures. Use of an intervening measure enhances
the emotional preparedness of the child and in turn enhances
the measure’s acceptability. Effective pain relief results in a
satisfactory injection experience and prevents unpleasant
experiences from affecting every injection, thereby enhancing
the quality of care and building a high-quality nurse-patient
relationship.

Future Research
This study did not find age-related differences. In the absence
of the pain relief measure, the girls reported a poorer injection
experience and greater pain than the boys, but no significant
difference was determined between the sexes when Buzzy was
used. However, our participants were recruited on the basis of
order of admission and need for injection; thus, the research
design could not control or ensure an equal number of cases for
each age group and sex. These two influencing factors should
be considered in further exploration. In the future, researchers
could consider controlling for age and sex. For future
application, researchers could integrate the Buzzy device into
a technology-based app for increasing the efficiency of use and
provide more data collection functions.

Policy
From this study, we conclude the need to consider using pain
relief measures during intravenous injection in children during
routine nursing procedures. Additionally, adequate equipment
should be provided and relevant in-service education and
experience-sharing organized to ensure the capability of clinical
staff in equipment operation. An example of an effective
measure is the Buzzy device, which was used in this study.
Legitimate devices should be obtained through official channels,
and users must pay attention to the safety of the device. The
device should not be used on patients with paresthesia or at an
injection site that has broken skin. Usage guidelines and
indications must be formulated for the device, including those
regarding the principle of the cold sensation, device disinfection,
and regular maintenance. Attention must be paid to individual
differences among children to ensure that a device or measure
is suitable for a given child.

Limitations and Recommendations
Surgical operations can affect pain assessment, and children
with cognitive impairment cannot adequately and correctly
express themselves; thus, we did not include children with these
conditions. Our results cannot be extrapolated to these
populations. Additionally, studies have indicated that fear is
lower when pain relief is satisfactory [13,36], revealing that
pain and fear affect each other. The age group of our participants
was preschool children. This study used the WBFS to measure
pain because children may be confused about their feelings and
the WBFS is a clear and simple measurement method. However,
this study only measured pain, and the degree of fear of the
participants could not be inferred. Further research should be
conducted on this aspect.

We recruited participants from only one medical center because
of time and human resource considerations. However, the
medical treatment of children varies according to region and
institution habits, which could lead to differences in
demographics, previous injection experiences, and present
injection experiences. Additionally, our study did not employ
random sampling, and therefore the results cannot be
extrapolated to the total hospitalized child population of Taiwan.
We recommend performing a controlled experiment with
random group allocation if recruitment is easy and the sample
is large. Moreover, to determine whether sex affects pain level,
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we recommend employing sex as a control variable in analyses
to reduce errors. The age range of participants should be
expanded to elucidate whether needle pain differs with age.

Conclusion
The participants of our study were hospitalized children. Most
of these children had experience of intravenous injections and
expected to feel pain. In the present medical environment in
Taiwan, most clinical institutions do not have time to instruct
and console patients, which could reduce needle pain. Our study
discovered that most of the children had unpleasant experiences
of injection, and because an intervening measure was not
employed, the children felt moderate or severe pain during
intravenous injection. Most of the children and parents wished
for an effective pain relief measure. In our study, the Buzzy
device effectively reduced needle pain in the children; the
pain-related response during injection (FLACC score) and actual
reported pain of the treatment group were significantly different
from those of the nontreatment group. The pain-related response

of the children during injection was reduced, indicating a
satisfactory experience.

The use of Buzzy in our study did not affect the rate of
successful injection or the injection duration; this result could
increase the willingness of clinical staff to use the device and
boost the utilization of pain relief measures during injections
to prevent children from having negative experiences. We also
discovered that although some children had unpleasant injection
experiences, Buzzy could still reduce needle pain. Effective
pain relief measures during intravenous injections should be
routinely administered.

Our research participants were limited to hospitalized children
aged 3-7 years. Although we could not determine whether age
was a factor affecting pain level, the use of Buzzy reduced the
degree of pain to the same degree for boys and girls. Researchers
could use this result as a reference when selecting research
participants in Asian areas, as well as when considering the
influencing factors in future research.

 

Acknowledgments
This study was funded by the Ministry of Science and Technology (MOST 106-2511-S-255-003-MY3, MOST 109-2511-H-255-007,
MOST 110-2511-H-255-011-MY2) and the Chang Gung Medical Research Foundation (ZZRPF3C0011, NMRPF3L0081).

Conflicts of Interest
None declared.

References
1. Cheng Y, Cung C, Chen Y, Huang S. A project of improving unplanned re-catheterization intravenous in pediatric ward.

Chang Gung Nurs 2005;16(1):84-94.
2. Lai LH, Shu SH. A project reducing toddlers' behavioural responses of fear during intravenous cannulation process. Tzu

Chi Nurs J 2010;9(6):78-88. [doi: 10.6974/TCNJ.201012.0078]
3. Wong DL. Family-centered care of the children during illness and hospitalization. In: Zhang MY, editor. Pediatric nursing,

5th edition. Taipei, Taiwan: Farseeing; 2003:1133-1192.
4. Heinrichs J, Fritze Z, Klassen T, Curtis S. A systematic review and meta-analysis of new interventions for peripheral

intravenous cannulation of children. Pediatr Emerg Care 2013;29(7):858-866. [doi: 10.1097/pec.0b013e3182999bcd]
5. Chen YJ, Chen SF, Chen WC, Chen LC. Modalities to improve the safety and nursing care of emergency room pediatric

patients being given intravenous injections. Tzu Chi Nurs J 2010;9(1):80-90. [doi: 10.6974/TCNJ.201002.0080]
6. Wang JH, Liao CH, Lee CC. Improved preschool-age children behavioral responses to pain during intravenous cannulation.

Yuan-Yuan Nurs 2013;7(2):29-38. [doi: 10.6530/YYN.2013.7(2).06]
7. Li MY, Yu CW, Yang YC, Chang CC. Reducing the pain of intravenous injections in preschool children. Hu Li Za Zhi

2014 Apr;61(2 Suppl):S68-S75. [doi: 10.6224/JN.61.2.68] [Medline: 24677010]
8. Hsieh YC, Liu HT, Cho YH. Reducing fear in preschool children receiving intravenous injections. Hu Li Za Zhi 2012

Jun;59(3):79-86. [Medline: 22661035]
9. Kao CY, Whu YW, Li CK. Apply child-friendly healthcare concept to reduce resistance behavior of preschool children

receiving intravenous injection. Tzu Chi Nurs J 2016;15(2):78-88.
10. Lin SC, Cheng SF, Chou HH, Liu CY, Huang CY. The relationship between intravenous injection pain and fear for

hospitalized children. In: Nursing Faculty Presentations. 128. 2012 Presented at: Asia Pacific Research Symposium; February
2012; Taiwan URL: https://digitalcommons.cedarville.edu/nursing_presentations/128

11. Kennedy RM, Luhmann J, Zempsky WT. Clinical implications of unmanaged needle-insertion pain and distress in children.
Pediatrics 2008 Nov 31;122(Supplement 3):S130-S133. [doi: 10.1542/peds.2008-1055e] [Medline: 18978006]

12. Moadad N, Kozman K, Shahine R, Ohanian S, Badr LK. Distraction using the BUZZY for children during an IV insertion.
J Pediatr Nurs 2016 Jan;31(1):64-72. [doi: 10.1016/j.pedn.2015.07.010] [Medline: 26410385]

13. Eland JM. Minimizing pain associated with prekindergarten intramuscular injections. Issues Compr Pediatr Nurs
1981;5(5-6):361-372. [doi: 10.3109/01460868109106351] [Medline: 6922129]

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e15757 | p.216https://pediatrics.jmir.org/2022/2/e15757
(page number not for citation purposes)

Cho et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://dx.doi.org/10.6974/TCNJ.201012.0078
http://dx.doi.org/10.1097/pec.0b013e3182999bcd
http://dx.doi.org/10.6974/TCNJ.201002.0080
http://dx.doi.org/10.6530/YYN.2013.7(2).06
http://dx.doi.org/10.6224/JN.61.2.68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24677010&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22661035&dopt=Abstract
https://digitalcommons.cedarville.edu/nursing_presentations/128
http://dx.doi.org/10.1542/peds.2008-1055e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18978006&dopt=Abstract
http://dx.doi.org/10.1016/j.pedn.2015.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26410385&dopt=Abstract
http://dx.doi.org/10.3109/01460868109106351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6922129&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Kearl YL, Yanger S, Montero S, Morelos-Howard E, Claudius I. Does combined use of the J-tip® and Buzzy® device
decrease the pain of venipuncture in a pediatric population? J Pediatr Nurs 2015 Nov;30(6):829-833. [doi:
10.1016/j.pedn.2015.06.007] [Medline: 26228308]

15. Schreiber S, Cozzi G, Rutigliano R, Assandro P, Tubaro M, Cortellazzo Wiel L, et al. Analgesia by cooling vibration during
venipuncture in children with cognitive impairment. Acta Paediatr 2016 Jan 04;105(1):e12-e16. [doi: 10.1111/apa.13224]
[Medline: 26401633]

16. Ballard A, Khadra C, Adler S, Trottier ED, Le May S. Efficacy of the Buzzy device for pain management during
needle-related procedures: a systematic review and meta-analysis. Clin J Pain 2019 Jun;35(6):532-543. [doi:
10.1097/AJP.0000000000000690] [Medline: 30829735]

17. Canbulat N, Ayhan F, Inal S. Effectiveness of external cold and vibration for procedural pain relief during peripheral
intravenous cannulation in pediatric patients. Pain Manag Nurs 2015 Feb;16(1):33-39. [doi: 10.1016/j.pmn.2014.03.003]
[Medline: 24912740]

18. Potts DA, Davis KF, Elci OU, Fein JA. A vibrating cold device to reduce pain in the pediatric emergency department: a
randomized clinical trial. Pediatr Emerg Care 2019 Jun;35(6):419-425. [doi: 10.1097/PEC.0000000000001041] [Medline:
28121978]

19. Susam V, Friedel M, Basile P, Ferri P, Bonetti L. Efficacy of the Buzzy System for pain relief during venipuncture in
children: a randomized controlled trial. Acta Biomed 2018 Jul 18;89(6-S):6-16 [FREE Full text] [doi:
10.23750/abm.v89i6-S.7378] [Medline: 30038198]

20. Whelan HM, Kunselman AR, Thomas NJ, Moore J, Tamburro RF. The impact of a locally applied vibrating device on
outpatient venipuncture in children. Clin Pediatr 2014 Oct 12;53(12):1189-1195. [doi: 10.1177/0009922814538494]
[Medline: 24924565]

21. Baxter AL, Cohen LL, McElvery HL, Lawson ML, von Baeyer CL. An integration of vibration and cold relieves venipuncture
pain in a pediatric emergency department. Pediatric Emergency Care 2011;27(12):1151-1156. [doi:
10.1097/pec.0b013e318237ace4]

22. Bahorski JS, Hauber RP, Hanks C, Johnson M, Mundy K, Ranner D, et al. Mitigating procedural pain during venipuncture
in a pediatric population: a randomized factorial study. Int J Nurs Stud 2015 Oct;52(10):1553-1564. [doi:
10.1016/j.ijnurstu.2015.05.014] [Medline: 26118441]

23. Benjamin AL, Hendrix TJ, Woody JL. Effects of vibration therapy in pediatric immunizations. Pediatr Nurs 2016;42(3):124-9;
discussion 130. [Medline: 27468514]

24. Canbulat Şahiner N, İnal S, Sevim Akbay A. The effect of combined stimulation of external cold and vibration during
immunization on pain and anxiety levels in children. J Perianesth Nurs 2015 Jun;30(3):228-235. [doi:
10.1016/j.jopan.2014.05.011] [Medline: 26003770]

25. Inal S, Kelleci M. Relief of pain during blood specimen collection in pediatric patients. MCN Am J Matern Child Nurs
2012 Sep;37(5):339-345. [doi: 10.1097/NMC.0b013e31825a8aa5] [Medline: 22895207]

26. Su HC, Hsieh CW, Lai NM, Chou PY, Lin PH, Chen KH. Using vibrating and cold device for pain relieves in children: a
systematic review and meta-analysis of randomized controlled trials. J Pediatr Nurs 2021;61:23-33. [doi:
10.1016/j.pedn.2021.02.027] [Medline: 33735633]

27. Campbell MJ, Julious SA, Altman DG. Estimating sample sizes for binary, ordered categorical, and continuous outcomes
in two group comparisons. BMJ 1995 Oct 28;311(7013):1145-1148 [FREE Full text] [doi: 10.1136/bmj.311.7013.1145]
[Medline: 7580713]

28. Wong DL, Baker CM. Pain in children: comparison of assessment scales. Pediatr Nurs 1988;14(1):9-17. [Medline: 3344163]
29. Tomlinson D, von Baeyer CL, Stinson JN, Sung L. A systematic review of faces scales for the self-report of pain intensity

in children. Pediatrics 2010 Nov 04;126(5):e1168-e1198. [doi: 10.1542/peds.2010-1609] [Medline: 20921070]
30. Karakaya A, Gözen D. The effect of distraction on pain level felt by school-age children during venipuncture

procedure--randomized controlled trial. Pain Manag Nurs 2016 Feb;17(1):47-53. [doi: 10.1016/j.pmn.2015.08.005] [Medline:
26459008]

31. Merkel SI, Voepel-Lewis T, Shayevitz JR, Malviya S. The FLACC: a behavioral scale for scoring postoperative pain in
young children. Pediatr Nurs 1997;23(3):293-297. [Medline: 9220806]

32. Shilpapriya M, Jayanthi M, Reddy VN, Sakthivel R, Selvaraju G, Vijayakumar P. Effectiveness of new vibration delivery
system on pain associated with injection of local anesthesia in children. J Indian Soc Pedod Prev Dent 2015;33(3):173-176.
[doi: 10.4103/0970-4388.160343] [Medline: 26156269]

33. Ayers S, Muller I, Mahoney L, Seddon P. Understanding needle-related distress in children with cystic fibrosis. Br J Health
Psychol 2011 May;16(Pt 2):329-343. [doi: 10.1348/135910710X506895] [Medline: 21489060]

34. Schiff WB, Holtz KD, Peterson N, Rakusan T. Effect of an intervention to reduce procedural pain and distress for children
with HIV infection. J Pediatr Psychol 2001;26(7):417-427. [doi: 10.1093/jpepsy/26.7.417] [Medline: 11553696]

35. Carr TD, Lemanek KL, Armstrong FD. Pain and Fear Ratings. J Pain Sympt Manag 1998 May;15(5):305-313. [doi:
10.1016/s0885-3924(97)00370-9]

36. Sparks LA, Setlik J, Luhman J. Parental holding and positioning to decrease IV distress in young children: a randomized
controlled trial. J Pediatr Nurs 2007 Dec;22(6):440-447. [doi: 10.1016/j.pedn.2007.04.010] [Medline: 18036464]

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e15757 | p.217https://pediatrics.jmir.org/2022/2/e15757
(page number not for citation purposes)

Cho et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.pedn.2015.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26228308&dopt=Abstract
http://dx.doi.org/10.1111/apa.13224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26401633&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0000000000000690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30829735&dopt=Abstract
http://dx.doi.org/10.1016/j.pmn.2014.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24912740&dopt=Abstract
http://dx.doi.org/10.1097/PEC.0000000000001041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28121978&dopt=Abstract
http://europepmc.org/abstract/MED/30038198
http://dx.doi.org/10.23750/abm.v89i6-S.7378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30038198&dopt=Abstract
http://dx.doi.org/10.1177/0009922814538494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24924565&dopt=Abstract
http://dx.doi.org/10.1097/pec.0b013e318237ace4
http://dx.doi.org/10.1016/j.ijnurstu.2015.05.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26118441&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27468514&dopt=Abstract
http://dx.doi.org/10.1016/j.jopan.2014.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26003770&dopt=Abstract
http://dx.doi.org/10.1097/NMC.0b013e31825a8aa5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22895207&dopt=Abstract
http://dx.doi.org/10.1016/j.pedn.2021.02.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33735633&dopt=Abstract
http://europepmc.org/abstract/MED/7580713
http://dx.doi.org/10.1136/bmj.311.7013.1145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7580713&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3344163&dopt=Abstract
http://dx.doi.org/10.1542/peds.2010-1609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20921070&dopt=Abstract
http://dx.doi.org/10.1016/j.pmn.2015.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26459008&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9220806&dopt=Abstract
http://dx.doi.org/10.4103/0970-4388.160343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26156269&dopt=Abstract
http://dx.doi.org/10.1348/135910710X506895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21489060&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/26.7.417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11553696&dopt=Abstract
http://dx.doi.org/10.1016/s0885-3924(97)00370-9
http://dx.doi.org/10.1016/j.pedn.2007.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18036464&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
FLACC: Faces, Legs, Activity, Cry, Consolability
WBFS: Wong-Baker Face Scale

Edited by S Badawy; submitted 03.08.19; peer-reviewed by A Parks, R Bajpai; comments to author 03.10.19; revised version received
31.05.21; accepted 28.02.22; published 29.04.22.

Please cite as:
Cho YH, Chiang YC, Chu TL, Chang CW, Chang CC, Tsai HM
The Effectiveness of the Buzzy Device for Pain Relief in Children During Intravenous Injection: Quasirandomized Study
JMIR Pediatr Parent 2022;5(2):e15757
URL: https://pediatrics.jmir.org/2022/2/e15757 
doi:10.2196/15757
PMID:35486419

©Yen-Hua Cho, Yi-Chien Chiang, Tsung-Lan Chu, Chi-Wen Chang, Chun-Chu Chang, Hsiu-Min Tsai. Originally published in
JMIR Pediatrics and Parenting (https://pediatrics.jmir.org), 29.04.2022. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Pediatrics and Parenting, is
properly cited. The complete bibliographic information, a link to the original publication on https://pediatrics.jmir.org, as well
as this copyright and license information must be included.

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e15757 | p.218https://pediatrics.jmir.org/2022/2/e15757
(page number not for citation purposes)

Cho et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

https://pediatrics.jmir.org/2022/2/e15757
http://dx.doi.org/10.2196/15757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35486419&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Explaining Adherence to American Academy of Pediatrics Screen
Time Recommendations With Caregiver Awareness and Parental
Motivation Factors: Mixed Methods Study

Shea M Lammers1, BA, MS; Rebecca J Woods2, BA, MS, PhD; Sean E Brotherson3, BA, BS, MS, PhD; James E

Deal3, BS, MS, PhD; Carrie Anne Platt4, BA, MA, PhD
1Research Institute, Children's Minnesota, Minneapolis, MN, United States
2Casimir, St. Cloud, MN, United States
3Department of Human Development and Family Science, North Dakota State University, Fargo, ND, United States
4Department of Communication, North Dakota State University, Fargo, ND, United States

Corresponding Author:
Sean E Brotherson, BA, BS, MS, PhD
Department of Human Development and Family Science
North Dakota State University
Department No 2615
P.O. Box 6050
Fargo, ND, 58108-6050
United States
Phone: 1 701 231 6143
Email: sean.brotherson@ndsu.edu

Abstract

Background: With the increasing integration of technology into society, it is advisable that researchers explore the effects of
repeated digital media exposure on our most vulnerable population—infants. Excessive screen time during infancy has been
linked to delays in language, literacy, and self-regulation.

Objective: This study explores the awareness of and adherence to the American Academy of Pediatrics’ (AAP) recommendations
related to avoiding screen time for infants younger than 2 years and the motivational factors associated with screen time exposure.

Methods: A mixed methods survey design was used to gather responses from 178 mothers of infants younger than 2 years. The
measures included infant screen time use and duration, maternal awareness of screen time use recommendations, and motivations
related to screen time exposure. A variety of statistical procedures were used to explore associations between caregiver awareness
of and adherence to AAP guidelines for screen time exposure, motivations related to screen time for infants, and the duration of
infant screen time exposure.

Results: The results indicated that 62.2% (111/178) of mothers were aware of the AAP screen time recommendations, but only
46.1% (82/178) could cite them accurately, and most mothers learned of them via the internet or from a medical professional.
Mothers who were aware of the guidelines allowed significantly less screen time for infants than those who were unaware (P=.03).
In addition, parents who adhered to the AAP guidelines reported significantly less infant screen time per day than those who did
not adhere (P<.001). Among mothers who reported not adhering to the guidelines, the greatest motivation for allowing screen
time was perceived educational benefits. Less educated mothers rated an infant’s relaxation as a motivational factor in allowing
screen time significantly higher than more highly educated mothers (P=.048). The regression analysis indicated that none of the
parental motivation factors predicted daily infant screen time.

Conclusions: These results indicate 2 key approaches to improving adherence to screen time recommendations. First, the
awareness of the AAP recommendations needs to be increased, which tends to improve adherence. Second, the myth that screen
time can be educational for infants needs to be dispelled.

(JMIR Pediatr Parent 2022;5(2):e29102)   doi:10.2196/29102
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Introduction

Background
Exposure to screen time during infancy has become prevalent
in the past few decades as advances in technology have merged
with educational and entertainment products targeting infants
and their caregivers. Informed by research showing that screen
time can be detrimental to infant development, researchers and
pediatricians recommend that children younger than 2 years be
strictly limited in their screen time exposure or even better, have
no sedentary exposure to electronic media at all [1-6].
Recommendations by entities such as the American Academy
of Pediatrics (AAP) are intended to provide useful guidelines
for parents and caregivers when making decisions about how
to manage screen time exposure for young children [5].
However, their utility is limited if caregivers are not aware of
or do not adhere to the guidelines. To address this problem, we
explored mothers’ awareness of and adherence to the AAP’s
recommendations and the motivational factors associated with
screen time exposure.

Problem Statement: Adverse Effects of Screen Time
Exposure for Infants
Previous research has demonstrated that infants and toddlers
gain more developmentally beneficial skills through play time
with physical objects than through devices that use screens
[2-4,6-11]. Screen time deprives infants from learning and
developing adaptive skills that can only be obtained through
human interaction, and it does not allow them the creative
freedom experienced during free play [5,12]. A rapidly growing
body of literature has linked screen time to delays in both
language development and emotional regulation [3,4,9,12-15].
Even 1 hour of television viewing can negatively affect an
infant’s language capacity, as an estimated 52 minutes of
interaction between the infant and their caregiver are lost during
that 1 hour [12]. The presence of background media has also
been shown to reduce caregiver interactions with infants [16,17].

Empirical research on educational media suggests limited
benefits for language learning, prompting some researchers to
conclude that there are no beneficial effects of watching
programs for children younger than 2 years [1,4,10,18].
Although many parents believe that educational media are
helpful for language learning, research suggests that infants are
not able to learn from screen time the way they learn from
real-life experiences. Vandewater [19] found no differences in
language development between infants (aged 8-15 months) who
were regularly shown an infant-directed language DVD and
those who were not. In a study of 6- to 36-month-old children,
Taylor et al [20] found that reading was associated with a larger
vocabulary, whereas screen media had no impact on vocabulary.
The one type of media that is seen as making a positive
contribution to development is live human interaction via video
chat, which the AAP classifies as an exception to the no screen
time rule [13]. The reason video chat is an exception is that a

substantial amount of contingent interaction with the infant in
the form of communication takes place during the call [13].

When screen time reduces interaction with caregivers and other
children, deficits in self-regulation and other forms of
socioemotional learning can result. Self-regulation is a
preacademic skill that undergoes great gains during infancy and
toddlerhood [21]. When self-regulation is poorly developed, an
individual will struggle to stay focused on a task, lack the ability
to inhibit automatic responses, and have a decreased capacity
for long-term and working memory [21]. Screen time supplants
the human interaction necessary to develop these fundamental
skills [4,12,22]. Both experimental and large-scale longitudinal
survey studies have found that screen time negatively impacts
self-regulation abilities [22-24]. Although screen time may be
moderately engaging for young children, the effects of screen
time are likely to be detrimental across developmental domains.

Caregiver Awareness and Motivations as Impediments
to the Current Solution
To minimize the adverse impact of screen time on infants,
multiple professional organizations recommend avoiding infant
screen time exposure as much as possible. However, this
approach has not resulted in widespread reductions in infant
screen time. Despite research documenting the negative effects
of screen time and the AAP recommending minimal screen
media use for children younger than 2 years, parents continue
to allow and even encourage its use by their infants and toddlers.
Currently, it is unclear whether the lack of adherence stems
from caregivers being unaware of these guidelines or believing
that screen time has benefits for their families. To support more
optimal child outcomes, our study explores the impact of
awareness and caregiver motivation for screen time on infants’
screen time durations. By better understanding the context in
which caregivers receive screen time guidelines, medical
organizations and practitioners will have a better sense of how
to advocate for reduced screen time more effectively and
increase adherence to recommendations.

Caregivers use a variety of sources to gather information
regarding the process of raising children, including for both
immediate problems and general advice [25-27]. Through a
survey of 1240 parents, Radey and Randolph [28] found that
parents typically gather information from multiple sources when
looking for general parenting knowledge, including a
combination of professional, nonprofessional, and media
sources. Looking at the relative impact of various sources
through an interview-based study, van der Gugten et al [27]
found that although parents used the internet most frequently
to gather information about a child’s issues, they relied on
physician recommendations to alleviate worries.

Although these few studies explore sources that caregivers
commonly use, studies on parental awareness of the AAP screen
time recommendations have produced mixed results. Funk et
al [29] surveyed 94 parents of preschool-aged children and
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found that just one-third (34%) of them were able to correctly
identify current screen media recommendations for young
children. In contrast, Adamiak [30] found that 76% of a sample
of 126 parents of preschool-aged children were aware of
age-specific AAP recommendations for media use. Our study
adds to this scholarship by testing relationships between
awareness of and adherence to guidelines.

A lack of awareness may not be the only factor associated with
higher infant exposure to screen time. Parents exhibit a variety
of motives in exposing their children to screen time in the early
years, restricting access sometimes, whereas encouraging such
use at other times. [31]. Cingel and Krcmar [32] have called for
more work in this area, noting that “little work has
systematically examined parents’ motives for media use for
their young children.” In their study, parents ranked child
enjoyment of media, perceived educational benefits, and need
to do other tasks as the most important motives for facilitating
child media use [32]. Brown and Smolenaers [2] used interviews
to investigate the motivational factors behind exposing children
younger than 2 years to screen time, finding that child
enjoyment, availability of screens, need to do other tasks, and
coping with child upset were all seen as reasons for permitting
infant screen time use. Our study investigates motivational
factors across a larger sample, testing for relationships between
motivational factors and caregivers’ adherence to screen time
recommendations.

Study Context and Research Questions
Major professional organizations focused on child health and
well-being, specifically the AAP, have conducted reviews of
research and published guidelines intended to foster best
practices in raising young children [29,33]. However, the
implementation of such recommended practices is contingent
on parental awareness of, adherence to, and motivations related
to such guidelines. Therefore, in this study, our goal is to recruit
a sample of parents with infants younger than 2 years and assess
these variables in relation to the topic of screen media
recommendations laid out by the AAP.

Given the nascent stage of research on parental awareness and
motivation for infant screen time use, we seek to apply a mixed
methods survey approach (quantitative and qualitative elements)
to further explore the variables of awareness, adherence, and
motivation for screen media exposure among parents (mothers)
of infants (age ≤2 years). We seek to investigate several research
questions (RQs) as follows:

• RQ 1: What is the level of awareness that parent caregivers
express related to AAP’s recommendations on limiting
screen time exposure for infants?

• RQ 2: What is the level of adherence to AAP screen time
recommendations by parent caregivers and does the level
of adherence influence infant screen time exposure?

• RQ 3: What is the association, if any, between parent
caregivers’awareness of AAP screen time recommendations
for infants and adherence to such guidelines in parental
behavior?

• RQ 4: In circumstances of nonadherence to AAP screen
time recommendations for infants, what are mothers’

motivations for allowing their young children to use screen
media and does maternal education influence such motives?

• RQ 5: Do parental motivation factors among parents not
adhering to AAP screen time recommendations predict
screen time exposure for their infants?

In exploring these questions, we anticipate some possibilities
based on previous research and pragmatic considerations. With
regard to awareness of AAP screen time recommendations, we
suspect that although many caregivers have likely heard about
such recommendations, there might be an inaccurate
understanding of the guidelines [2]. We use a qualitative
approach to further assess this possibility. Furthermore, we feel
it is likely that some mothers would allow or facilitate screen
time (ie, not adhere to AAP recommendations) and thus want
to better understand how awareness is linked with adherence.
Finally, as previous research has articulated some parental
motivations for facilitating screen time exposure for young
children [2,32], we seek to understand how such motives may
take precedence over a desire to follow AAP screen time
recommendations.

Methods

Design
Information for this study was gathered using a descriptive,
cross-sectional design with a mixed measures approach
(questionnaire) among a population in the upper midwestern
United States. The survey included both quantitative and
qualitative elements and was distributed via a web-based
platform (Qualtrics; Qualtrics International Inc) to parents of
at least one infant child between the ages of 0 and 2 years. To
maintain consistency with previous research discussed in the
literature review, fathers were excluded from our study, as most
of the work in this area is only examined with primary
caregivers, who are usually mothers. Collaborating entities in
the research project were the Infant Cognitive Development
Lab at North Dakota State University (NDSU), the NDSU
Extension Service, and the Early Head Start program of North
Dakota.

Ethics Approval
Approval for the study was obtained from the institutional
review board of NDSU (HE19122).

Participants
A total of 178 mothers of an infant younger than 2 years were
selected for inclusion in the final sample for the study. Potential
participants were informed of the study and recruited for
involvement via information shared through one of the
collaborating entities. To be eligible for inclusion in the study,
participants needed to be a female primary caregiver and care
for an infant aged 0-23 months. Initially, a total of 220
individuals completed the survey. Individuals excluded from
the final sample were those who were male (34/220, 15.5%),
those who did not categorize themselves as primary caregivers
(3/220, 1.4%), and those who did not complete the survey
questions beyond the demographics section (5/220, 2.3%). Once
these individuals were excluded, 80.9% (178/220) of the female
caregivers of infants aged 0-2 years remained in the final sample.
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Participants responded to a variety of demographic questions
that included age, relationship to the infant, age of the infant,
number of children, race or ethnicity, partnership status,
education level, employment status, and annual family income.
Of the 178 primary caregivers, nearly all reported their
relationship to the target infant as biological mother or adoptive
mother (174/178, 97.7%), whereas 1 (0.6%) each reported as
stepmother, grandmother, aunt, and foster parent. Caregivers’

ages ranged from 18 to 56 years (mean 29.5, SD 5.57 years).
Reported mean age of the focal infant was 12.5 (SD 6.62)
months. In addition, participants had an average of 2.07 (SD
1.07) other children in the home. Remaining participant
characteristics are presented in Table 1. It is important to note
that participants were allowed to opt out of the questions given
in the survey, including annual family income.

Table 1. Characteristics of caregivers of infants aged 0-2 years (N=178).

Value, n (%)Caregiver characteristic

Race or ethnicity

153 (85.9)White

6 (3.4)Black or African American

8 (4.5)Native American or native Alaskan

4 (2.2)Asian

4 (2.2)Hispanic or Latino

3 (1.7)Multiracial

Partnership status

115 (64.6)Married

24 (13.5)Single

21 (11.8)Significant other (not engaged)

14 (7.9)Significant other (engaged)

4 (2.2)Divorced or separated

Education level

33 (18.5)High school or equivalent degree or less

52 (29.2)Some college or associate degree

58 (32.6)Bachelor’s degree

32 (17.9)Postgraduate degree

3 (1.7)Other

Employment status

39 (21.9)Not seeking outside employment

6 (3.4)Seeking employment

18 (10.1)Employed <25 hours per week

22 (12.4)Employed 26-39 hours per week

93 (52.2)Employed >40 hours per week

Annual family income (US $; n=173a)

34 (19.6)0-20,000

29 (16.7)20,001-40,000

27 (15.6)40,001-60,000

24 (13.9)60,001-80,000

29 (16.8)80,001-100,000

30 (17.3)>100,001

aFive mothers opted to not provide their income details.
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Procedure
Collaborating partners distributed study information by emailing
a project link and QR code to contact families, displaying flyers
around the local area or offices, supporting local recruitment
events, and making the survey available for eligible participants
on an accessible computer in their office locations. A
convenience sampling strategy was used and supplemented by
purposive sampling with families eligible for the Early Head
Start program to reach a population with broader socioeconomic
backgrounds. Data were collected from May 2019 to January
2020.

The survey was made available electronically via Qualtrics, and
participants were able to reach it via an email link or QR code
specific to the survey. Mothers took the survey in a location of
their choice, including the Infant Cognitive Development Lab
or the Early Head Start program offices. Participants were
prompted with a brief paragraph explaining the purpose of the
study, an informed consent page, and a questionnaire link. The
survey took approximately 15-25 minutes for participants to
complete. Upon completion, participants were thanked and then
provided a code word, which they could use to redeem for a
compensation baby item at any of the collaboration sites.

Measures

Overview
Participant information was gathered through completion of a
questionnaire that included questions regarding participant
characteristics, infant screen media exposure, parental
knowledge of media guidelines, and parental motivation related
to infant media use. Responses were collected in various formats
including Likert-type scales, short entry or drop-down lists, and
short essay responses. This combination of approaches allowed
mothers to answer some of the questions in their own words
and provide insight into their awareness and thought patterns.
A number of specific measures were used to assess participants’
responses.

Infant Screen Time Exposure
To measure screen time exposure of infants, participants were
asked to report the duration of the focal infant’s average daily
screen time use in multiple-choice format with 5 options from
1 (0-1 hour) to 5 (>4 hours). A total of two questions were
asked (4 in total) for screen time duration, 1 related to television
and 1 related to other digital devices, for both the average
weekday and the average weekend day. An example question
was as follows: “On an average weekday, how much time does
your child spend on a digital device (e.g., cellphone or tablet)
while under your supervision?” Screen time was measured in
1-hour increments (eg, 0-1 hour) with no true zero. As the
responses were recorded in ranges of time, results should be
interpreted as a median approximation of time with every 0.5
equating to 30 minutes of screen time. To calculate an infant’s
average screen time per day, we computed a variable by adding
the reported estimate of screen time on each of 2 different types
of devices (eg, television) that infants were exposed to on an
average weekday and multiplying this value by 5. Then, the
estimated amount of screen time per weekend day was
multiplied by 2. Next, these 2 values were added together and

divided by 7 to give an overall daily average (with a possible
range from 0-10 hours). Mothers who selected 0-1 hour and
also responded “I never allow screen time” were coded as 0
hours. This computed screen time per day variable was used as
a dependent variable for multiple analyses. The questions on
infant screen time exposure were developed specifically for this
project.

Caregiver Awareness of Infant Screen Time Use
Recommendations
To assess caregiver awareness of the current AAP
recommendations on screen time for children aged <2 years,
participants were asked a multiple-choice question: “How did
you find out about the American Academy of Pediatrics’
recommendation?” Six possible options included lack of
awareness, unlisted source, or four other possibilities (medical
professional, other community member, web, and book). First,
responses were coded dichotomously as aware or unaware
based on their self-report, with all participants indicating “I did
not know about the recommendation” being coded as unaware,
whereas the remaining responses (eg, “I read it online” and “A
medical professional informed me”) being coded as aware.
Next, further analysis was conducted, and responses were coded
into 6 categories reflecting the accuracy of awareness and
confidence in their assessment of the guidelines by examining
open-ended responses. Participants were asked an additional
open-ended question: “In your own words, what is the current
American Academy of Pediatrics’ recommendation for use of
digital media or television by children under the age of two?”
This question allowed caregivers to reveal their knowledge
about the current guidelines. The questions on caregiver
awareness of AAP recommendations were developed
specifically for this project.

Caregiver Adherence to Infant Screen Time Use
Recommendations
To assess caregiver adherence to AAP infant screen time
recommendations, participants were given a clear statement of
current AAP guidelines on the topic and informed that parents
often vary in following this guideline. Then, caregivers were
asked, “How often do you adhere to this recommendation?”
Response options ranged on a 5-point scale from 1 (never) to
5 (always). On the basis of their responses, skip logic led to the
next prompt that asked participants to explain if they adhere,
partly adhere, or do not adhere to the AAP recommendations
in their own words. For analysis, adherence to the AAP’s
guideline was recoded into a dichotomous variable as adherent
or nonadherent. Caregivers who followed the AAP guideline
most of the time (rating=4) or always (rating=5) were coded as
adhering, but those who reported adhering never (rating=1),
sometimes (rating=2), or about half the time (rating=3) were
coded as not adhering. The questions on caregiver adherence
to AAP recommendations were also developed specifically for
this project.

Parental Motivations Scale
A slightly adapted version of the Parental Motivations Scale
[32] was used in this study. The Parental Motivations Scale by
Cingel and Krcmar [32] was developed based on a qualitative
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interview study on parent motivations in relation to screen time
for young children conducted by Rideout et al [34]. The Parental
Motivations Scale was originally validated through an
exploratory factor analysis that used a varimax rotation, which
identified 5 dimensions with eigenvalues >1 and Cronbach α
scores ranging from .77 to .92 [32]. These dimensions were
chores (to get chores done), education (for educational
purposes), reward (as a reward for good behavior), relax (to
help children calm down or relax), and enjoyment (because the
child enjoys or asks for screen time). The scale starts with the
prompt “I let my child use media...” and then lists a variety of
reasons, such as “...because it is educational” or “...to help
alleviate my stress.” A higher score on each scale construct
indicates that respondents are more likely to let children use
media based on that particular parental motive. Participants
responded using an expanded 19-item Likert scale matrix table
rating each item from 1 (strongly disagree) to 7 (strongly agree).
Owing to technology advancement and evolving parental
standards, we solicited input from local parent groups to identify
other potential motivators. On the basis of this input, we created
3 exploratory scale items. These items fit into the factors of
chores and education (Multimedia Appendix 1). One additional
question was added as a screening question, which allowed
mothers to indicate that they never allow their infants screen
time. Reliability analysis for this sample for each factor
indicated high reliability (Cronbach α=.82-.93). When the
exploratory questions were included, internal consistency for
the education factor remained the same (Cronbach α=.92), but
that for the chores factor increased from the original Cronbach
α=.88 to Cronbach α=.92. Thus, the additional questions
improved the internal consistency of the chores subscale.

Analysis
Results were calculated using the final sample of female
caregivers (N=178). However, we noted that beyond the
screening questions (eg, consent, having an infant younger than
2 years, gender of the participant, and indicating they were the
primary caregiver), questions were elective, meaning that some
caregivers may have opted out of answering certain questions.
All analyses used raw scores and unedited short-answer
responses. All quantitative analyses were conducted using SPSS
27.

For RQ 1, descriptive statistics were used to identify the number
of caregivers who were aware of the AAP’s recommendations.
Furthermore, brief thematic analyses of short-answer responses
were coded on the basis of correctness and confidence level.
Coding was completed by a primary investigator (SML)
manually inserting responses into the corresponding categories
within a Microsoft Excel file. After a thorough review of the
coding was conducted by the secondary investigator (CAP),
percentages were calculated for each category of correctness
and confidence level. Finally, caregivers identified the sources
from which they learned the AAP’s recommendations, and
descriptive statistics provided the frequencies of each source.

For RQ 2, caregivers were told the current screen time guidelines
for infants aged <2 years and asked about their adherence
practices. Descriptive statistics were used to analyze the
caregivers’ adherence practices. Responses were dichotomized

in which ratings of 4 (most of the time) or 5 (always) were coded
as adhering, whereas ratings from 1 (never) to 3 (about half the
time) were coded as not adhering. Next, a univariate ANOVA
was used to compare adherent and nonadherent mothers’ infant
screen times.

Next, for RQ 3, we sought to identify whether there was an
association between awareness of the AAP’s recommendations
and parental adherence. Each of the relevant variables was coded
as a dichotomous variable in this analysis, and a chi-square
analysis was used to explore whether difference between
adherent and nonadherent caregivers was significant owing to
awareness. Furthermore, a univariate ANOVA was used to
examine potential contrasts in infant screen time exposure
between caregivers who were aware and those who were
unaware of the guidelines.

For RQ 4, when examining parental motivation factors related
to infant screen time exposure, a filter was applied in which
only caregivers who indicated infant exposure to screen time
were analyzed (86/172, 50%). Descriptive statistics were used
to investigate the participants’ ratings for each parental
motivation factor. Maternal education was another variable
explored in this section, and this item was recoded
dichotomously for analysis purposes (eg, low education level
was defined as lesser than a bachelor’s degree and high
education level was defined as a bachelor’s degree or more).
Independent sample t tests (2-tailed) were used to identify any
differences among parental motivation factors based on
caregiver’s education level.

Finally, for RQ 5, we sought to identify the parental motivation
predictors of infant screen time exposure. Linear regressions
were conducted on each parental motivation factor with respect
to infant screen time exposure as a dependent variable.

Results

Demographics
Mothers completed a number of questions in the survey that
collected information about participant characteristics. Specific
items included age, relationship to the infant, age of the infant,
number of children, race or ethnicity, partnership status,
education level, employment status, and annual family income.

RQ 1: Mothers’ Awareness of the AAP’s
Recommendations on Infant Screen Time
Of the 178 participants, 172 (96.6%) participants responded to
the survey question exploring their awareness of the current
AAP’s recommendations on screen time for children younger
than 2 years. Descriptive statistics indicated that many mothers
were aware of the AAP’s screen time recommendations for
infants (107/172, 62.2%). We conducted further qualitative
analysis of responses to the question, “In your own words, what
is the current American Academy of Pediatrics’recommendation
for use of digital media or television by children under the age
of two?”

Of those who responded, 55.8% (96/172) showed full or partial
awareness of the AAP screen time recommendations that was
accurate. Results of this analysis demonstrate that 38.4%
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(66/172) of mothers knew the guidelines confidently and in
their entirety (eg, “No screen time under the age of two” and
“video chat with family members is ok, [but] should be limited.
Everything [else] should be avoided.”). It is important to note
that 7.6% (13/172) of mothers were correct but not confident
in their knowledge of the guidelines (eg, “I believe it says very
minimal or none?” and “I have no idea but I would guess none”).
In addition, 9.9% (17/172) of mothers were partially correct
(eg, “no TV at all” and “limit screen time or not have it at all”).
The qualitative analysis further revealed that 30.2% (52/172)
of mothers did not know the recommendations (eg, “I don’t
know” and “less than one hour per day”). Finally, 14.5%
(25/172) of mothers failed to answer the question, instead they
either expressed their opinions or knowledge on the topic (16/25,
64%; eg, “Children learn best through play not media and
videos” and “Unrealistic”) or gave nonapplicable responses
(8/25, 32%; eg, “?” or “4-month-old baby”).

Participants responded to a follow-up question regarding how
they learned of the AAP’s guidelines on infant screen time
exposure. A substantial portion of mothers indicated they did
not know about the recommendations at all (65/172, 37.8%);
however, 3 out of 5 caregivers noted that they learned about the
guidelines from a variety of sources (107/172, 62.2%). Most
mothers in this group read about the AAP recommendations on
the web (41/172, 23.8%), closely followed by being informed
by a medical professional (38/172, 22.1%), and then followed
by awareness via other sources such as news, Facebook, or
childcare centers and so on (20/172, 11.6%). A few respondents
learned the guidelines from someone other than a medical
professional (6/172, 3.5%) or they read about them in a book
(2/172, 1.2%).

RQ 2: Adherence to the AAP’s Recommendations on
Infant Screen Time
A second RQ investigated the adherence of infant caregivers to
AAP screen time recommendations and whether such adherence
influences daily infant screen time exposure. Participants
(172/178, 96.6%) read a statement that clearly stated the AAP
recommendations (eg, “children under the age of two should
not use any digital media or watch television”), a sentence that
explained parents vary in adherence to this guideline, and then
were asked how often they adhered to this recommendation on
a 5-point scale ranging from 1 (never) to 5 (always).

Adherence to the AAP’s recommendations on screen time
exposure for infants was recoded into a dichotomous variable
as adherent or nonadherent. Mothers who responded that they
followed the screen time guidelines with ratings of 4 (most of
the time) or 5 (always) were coded as adhering, whereas mothers
who indicated following the guideline with ratings from 1
(never) to 3 (about half the time) were coded as not adhering.
Descriptive statistics revealed that mothers who adhered to the
AAP’s recommendations on infant screen time were exactly
comparable in numbers with mothers who did not adhere (both
86/172, 50%), whereas 3.5% (6/172) of the mothers declined
to answer whether they adhered to the guidelines.

To investigate the effect of caregiver adherence to the AAP
recommendations on self-reported screen time exposure for
infants, a univariate ANOVA was conducted to compare

adherent and nonadherent mothers. The univariate ANOVA
yielded a significant difference in infants’ average daily screen
time exposure between parents who adhere and those who do
not adhere to the AAP’s guidelines (F1,169=22.55; P<.001;

ηp
2=0.12). Mothers who reported adhering to the guidelines

indicated lower amounts of infant screen time per day (mean
0.65, SD 0.48 hours/day) compared with mothers who reported
not adhering to the guidelines (mean 1.25, SD 1.06 hours/day),
suggesting both higher levels of screen time exposure and
greater variance in such exposure for children in households
not adhering to AAP guidelines on the topic.

RQ 3: Association Between Caregiver Awareness,
Caregiver Adherence, and Infant Screen Time
The next RQ in this study explored whether there is any
association between caregiver awareness of AAP screen time
recommendations for infants and adherence to such guidelines
in parental behavior. To further examine this question, we
conducted a chi-square analysis of the association between
caregiver awareness of AAP screen time recommendations and
adherence to such AAP guidelines in allowing infant screen
time exposure.

Chi-square analysis indicated that there was a significant
association between parents’awareness of the AAP screen time
guidelines and parents’ adherence to them (172/178, 96.6%;

χ2
1=10.9; P<.001; Cramer V=0.25). Of the caregivers who were

aware of the AAP’s guidelines (107/172, 62.2%), 59.8%
(64/107) of them indicated that they adhere to the
recommendations. In contrast, of those who were unaware of
the AAP’s recommendations (65/172, 37.8%), only 34% (22/65)
of the mothers reported that they adhered to the guidelines. This
finding on caregiver awareness was further supported by a
univariate ANOVA with daily infant screen time as the
dependent variable. Results indicated that mothers who were
aware of the guidelines allowed significantly less screen time
(mean 0.84, SD 0.90 hours/day) than mothers who were not
aware of the guidelines (mean 1.13, SD 0.79 hours/day;

F1,169=4.63; P=.03; ηp
2=0.03).

RQ 4: Parental Motivation Factors Related to Screen
Time Exposure for Infants and Maternal Education
The next RQ explored parental motivation factors for allowing
their infant to use screen media in circumstances of
nonadherence to the AAP screen time recommendations for
young children. In addition, we investigated whether maternal
education influences such motives.

Using the subsample of caregivers who reported not adhering
to the AAP guidelines (86/172, 50%), descriptive statistics were
computed for each of the 5 parental motivation factors developed
by Cingel and Krcmar [32] in their Parental Motivations Scale
(scale of 1-7). A higher score on a specific motivation factor
indicated a greater likelihood to allow children to use media
based on that reason. The highest rated motivation factor to
allow infant screen media use for these mothers was the
perceived educational benefits of screen time (mean 4.56, SD
1.56), followed by the child asking for screen time for enjoyment
(mean 3.76, SD 1.66), and the mother needing to do chores
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(mean 3.62, SD 1.63). Additional motivation factors that ranked
lower included giving an infant a screened device as a reward
(mean 3.48, SD 1.74) and to help the infant relax (mean 3.47,
SD 1.48).

We also sought to explore whether any differences existed in
parental motivation factors based on maternal education level.
A dichotomous variable for education level was created with
two levels (lesser than a bachelor’s degree and a bachelor’s
degree or higher) as an independent variable. There were 62%
(53/86) of caregivers in the low education category and 38%
(33/86) of caregivers in the high education category. Five
dependent variables, consisting of the 5 parental motivation
factor subscales, were used in the statistical analysis. There
were no outliers in the data based on visual inspection, scores
for the factors showed approximately normal distribution based
on visual inspection of the Normal QQ Plot, and the assumption
of homogeneity of variances was met using Levene test for
equality of variances. The significance level for P was set at
.05, and a series of independent sample t tests (2-tailed) were
used to assess whether differences existed for any of the parental
motivation factors based on maternal education level. Mothers
at low education level (lesser than a bachelor’s degree; mean
3.72, SD 1.45) rated the motivation factor relax as a rationale
for allowing infant screen time higher than mothers at a high
education level (mean 3.07, SD 1.46), showing a statistically
significant difference of 0.65 (95% CI 0.01-1.29; t84=2; P=.048;

Cohen d=0.44). A second parental motivation construct, reward,
was also rated higher as a reason for allowing screen time by
mothers with less education (mean 3.73, SD 1.76) as compared
with mothers with high education (mean 3.08, SD 1.66),
showing a marginally significant difference of 0.65 (95% CI
−0.11 to 1.41; t84=1.70; P=.09; Cohen d=0.38; considering a P
value of .10). None of the other 3 motivation factors differed
between the 2 groups by education level, with all P>.05.

RQ 5: Parental Motivation Factors and Infant Screen
Time Exposure
The final RQ explored the parental motivation factors for
allowing an infant to be exposed to screen time and whether
any of the factors predict actual screen time exposure for
children. Each of the parental motivation factors was identified
as an independent variable for this analysis, with the dependent
variable being the average hours of screen time exposure per
day (128/178, 71.9%).

Regression analyses were conducted to identify whether any of
the parental motivation factors were predictive of screen time
exposure during infancy. Results including unstandardized
coefficients, SEs, t scores, and P values are reported in Table
2. None of the motivational factors (ie, educational benefit,
chores, reward, relaxation, and asking) predicted daily infant

screen time (F5,123=0.98; P=.43; R2=0.04).

Table 2. Linear regressions between average infant screen time per motivational factor.

P valuet test (df)βB (SE)Parental motivation factor

.35−0.94 (123)−.10−0.05 (0.06)Educational benefit

.370.90 (123).130.07 (0.08)Ask or enjoyment

.30−1.04 (123)−.14−0.07 (0.07)Chores

.241.19 (123).130.06 (0.05)Reward

.750.32 (123).050.03 (0.09)Relax

Discussion

Principal Findings
The overall goal of this study was to determine the degree to
which the parent caregivers were aware of the AAP
recommendations regarding screen time exposure to infants and
toddlers; their adherence to the guidelines; and, if they did not
adhere, their reasons for not following the guidelines and any
association with infant screen time use. This information can
be used by those involved in pediatric, public health, family
support, educational, and other settings supporting children and
families.

It is important to note that the COVID-19 pandemic could be
amplifying or altering the existing discrepancies between the
current screen time recommendations and parental awareness,
adherence, and motivations for allowing screen time use for
infants. Although these data were gathered before the beginning
of the pandemic, the Infant Cognitive Development Lab is
preparing a manuscript that explores parental motivations during

the pandemic period (S Lammers, unpublished data, February
2022).

Awareness of AAP Screen Time Recommendations
Our initial RQ sought to explore the degree to which parents
were aware of the AAP’s guidelines for no sedentary screen
time use by infants younger than 24 months (the AAP
recommendations during the period the data were collected)
[5]. In our results, we found that approximately 62.2% (107/172)
of the participants indicated awareness of the guidelines.
Previous research has suggested a wide range in parental
awareness levels of screen media recommendations, with Funk
et al [29] reporting only 34% of parents who were surveyed had
an accurate awareness, whereas Adamiak [30] conversely noted
that 76% of parents were aware of age-specific media
recommendations. Our finding emerged in the upper level of
this range but also illustrated the discrepancy in the suggested
parental awareness of screen time guidelines, thus establishing
an opportunity for more in-depth investigation through an
analysis of open-ended responses.
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Upon further investigation of participants’understanding of the
AAP guidelines through a qualitative approach, we discovered
that only 38.4% (66/172) of mothers were able to accurately
state them. However, there were also many mothers who had a
general idea that screen time should be limited but were not
fully confident of their knowledge (13/172, 7.6%) or aware of
the degree to which such restrictions should be applied (17/172,
9.9%). These findings indicate that although most mothers are
initially indicating their awareness of the AAP guidelines; a
smaller number of them accurately and confidently understand
the screen time recommendations for infants younger than 2
years. This pattern suggests the need to reiterate the guidelines
in a concise and clear manner with the goal of increasing
mothers’comprehension of the guidelines. Moreover, our results
further indicate that maternal awareness of such guidelines is
not simply an either-or situation, but that there is a range in
mothers’ understanding of AAP recommendations.

It is noteworthy that >2 out of 5 mothers in this sample (52/172,
44.2%) were unaware of the AAP’s recommendations, as it
suggests there is a continuing lack of awareness about the topic
of screen time use during infancy. If we generalize the results
regarding maternal awareness from this study to the general
adult population of the United States, which has a population
of 260 million adults in 2020 [35], we would find that
approximately 115 million adults would be unaware of the
AAP’s recommendation of no screen time for infants aged <2
years. This finding suggests that current methods of conveying
important parenting messages can be improved or expanded.
Furthermore, mothers’ understanding of the AAP’s
recommendations may also benefit from more elaborate
explanations of why screen time should be avoided during
infancy rather than simply stating that it should be avoided.

Our study findings also provided insight into how caregivers
gain awareness of the AAP guidelines on screen time exposure,
with those who were aware of it citing web-based information
as a key source (41/172, 23.8%). This is consistent with research
suggesting the internet as a common source of parenting
information for mothers [25]. This source was closely followed
by medical professionals as a primary source of awareness
(38/172, 22.1%), a positive finding, as it is consistent with the
finding by van der Gugten et al [27] that physician
recommendations strongly aid in reducing parental concerns
and facilitate the distribution of science-based information to
parents in an effective manner [33].

Adherence to AAP Screen Time Guidelines
This study further explored the level of caregiver adherence to
the AAP screen time guidelines for infants, the link between
awareness of the guidelines and adherence to them, and whether
such adherence influences infant screen time exposure. Although
organizations such as the AAP publish such guidelines to
encourage best practices in raising children [29], it seems likely
that adherence to such recommendations varies widely in actual
parental behavior. Findings from the study indicated that
approximately half of the parents (86/172, 50%) reported
adhering to the recommendations for infants. ANOVA
procedures further indicated that adherence to the AAP
guidelines resulted in a significant difference in average daily

screen time for infants, with those in the nonadherent category
reporting approximately twice as much infant screen time per
day as mothers who followed the guidelines. This finding
suggests the potential value of encouraging and facilitating
adherence to the AAP recommendations as a mechanism for
improving an infant’s well-being. At the same time, as
technology is a prominent feature of how contemporary society
functions each day, the task of restricting or eliminating access
to screens for infants may seem daunting or unrealistic to
parents.

In addition, both parent reports of adherence and infant screen
time use were related to caregiver awareness of the AAP
recommendations. The chi-square analysis indicated that those
caregivers who were clearly aware of the AAP recommendations
were different in their adherence patterns to screen time
recommendations for infants than caregivers who were largely
unaware of it. Among caregivers who were aware,
approximately 59.8% (64/107) of them adhered to the AAP
guidelines with their infant, whereas only approximately 34%
(22/65) of mothers who were unaware limited infant screen time
exposure. Thus, those who were clearly aware of the guidelines
were more likely to restrict screen time for infants. This finding
reiterates the need to increase efforts to expand such awareness.
Further analysis showed that mothers who were aware of the
AAP guidelines allowed significantly less screen time than those
who were unaware of the recommendations. However, although
awareness seemed to increase compliance with the guidelines,
it did not entirely deter parents from allowing some screen time.
Our investigation of parental motivations for allowing screen
time helped to further explain this finding.

Parental Motivation Factors and Maternal Education
In circumstances where parents do not adhere to AAP screen
time recommendations for infants, we sought to understand the
reasons why mothers allow infant screen time exposure and
whether maternal education influences these motivations.
Previously, research on this topic has suggested a range of
parental motivations for allowing screen use by young children
[32]. Results of our investigation also revealed that mothers
allow screen time for a variety of reasons. Among the 5 parental
motivation factors assessed [32], in this study, the highest rated
motivation factor was perceived educational benefits for infants
(mean 4.56, SD 1.56; on a 7-point scale).

This belief is a moderately troubling misconception. Several
studies have demonstrated that infants do not transfer skills they
learn on a screened device to the real world, thus furthering the
argument for limiting sedentary screen time. In addition, studies
with infants show deficits in learning when information is
presented in video format rather than from a live individual
[1,10]. Hutton et al [3] indicate that instead of providing
benefits, infant children exposed to an excess amount of screen
time have reduced white matter integrity, which may reduce
emerging language skills. However, parents in this instance are
giving infants screen time with the belief that they are promoting
the well-being of the infant rather than hindering it. Cingel and
Krcmar [32] also found that perceived educational benefits was
one of the most highly rated motivations for allowing infant
screen time in their research, indicating that this belief seems
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consistent across different groups of parents. However, current
research suggests that the usefulness of engaging in screen time
activities for infants younger than 2 years might be compared
with watching fireworks. Fireworks are flashy and fun to look
at, but infants do not learn fundamental skills from watching
them. However, unlike fireworks, the use of screen-based media
can occupy a significant amount of time in an infant’s life,
drawing time away from more worthwhile activities.

In addition, the next two highest parental motivation factors for
allowing infant screen time were for infants’ enjoyment of the
screened device-based activities (mean 3.76, SD 1.66) and the
mothers’ need to do chores around the house (mean 3.62, SD
1.63). These findings were extremely consistent with those of
Cingel and Krcmar [32], who also found these 2 motivational
factors among the top 3 reasons denoted by parents for allowing
infant screen time. When considering such factors, it may be
that some parents perceive that they are achieving 2 goals by
providing an educational experience for their infants while
giving themselves the opportunity to engage in other tasks (eg,
cleaning, checking email, and cooking dinner). Similarly, their
motivations may encompass multiple reasons at one time,
including the factors such as to reward a child or to let a child
relax [2,32]. In this study, we added 2 exploratory items that
paired with the educational benefits and chores motivational
factors, but these additions either did not improve the reliability
of the relevant factor or did so only moderately (see Measures
section).

We also sought to explore whether differences existed among
maternal caregivers by education level with regard to how they
rated parental motivation factors for allowing infant screen time.
Does a mother’s level of education shape her attitudes toward
allowing infant screen time when such behavior is discouraged
by AAP recommendations? In this study, the 3 motivation
factors of educational benefits for infants, the infant’s
enjoyment, and doing parental chores were not statistically
different by maternal education level. However, mothers who
were less educated endorsed infant screen time to reward a child
or to help a child relax significantly more than mothers who
were more educated (ie, above vs below a bachelor’s degree).
This finding may suggest that mothers with a higher education
level possess a better understanding of the negative effects
associated with screen time exposure during infancy. Therefore,
highly educated mothers may be more likely to refrain from
using screen time as a tool to calm or reward children, instead
using methods that resemble parenting best practices to
accomplish these tasks [15,36]. In contrast, the lack of
differences in the 3 most highly rated motivational factors seems
to indicate that maternal education has a limited influence on
mothers’ reasons for allowing infant screen time.

Parental Motivation Factors and Infant Screen Time
The final RQ explored in this study was whether any of the
identified parental motivation factors for allowing infant screen
time exposure were predictive of screen time use during infancy.
Brown and Smolenaers [2] reported a range of motivations that
parents provide for allowing infant screen time, including the
child’s enjoyment or as a tool for calming children. However,
this study explored 5 specific motivation factors outlined in a

measure by Cingel and Krcmar [32]. The regression analysis
indicated that none of these parental motivation factors predicted
the average daily screen time exposure for infants. Although
these factors provide insight into parent motivations in allowing
screen time, it seems that other factors such as sibling’s use of
a device, number of screens in the household, or other family
characteristics will need to be considered to further understand
what predicts infant screen time exposure.

Implications for Education and Policy
The study findings shed light on caregiver awareness of
guidelines from the AAP for infant screen time, their adherence
to such guidelines, and factors linked with allowing infant screen
time exposure. Clearly, the AAP issues such guidelines to
educate parents and caregivers, as well as to promote child
health and well-being [5]. This study clarifies parental awareness
of such information specific to infant screen time, suggesting
either a lack of awareness or some level of confusion among
many parents regarding the recommended restrictions on screen
time for this age group. The fact that many parents knew the
guidelines but did not adhere to them is of additional concern.

Among the study findings, it was noted that some parents believe
that exposure to screen time before the age of 2 years is actually
beneficial to their infant’s well-being and development.
Perceived educational benefit was rated by parents as the top
motivational factor for allowing infants screen time. Thus, some
parents incorrectly conclude that screen time provides
opportunities to enhance their infant’s learning, when instead
it often replaces the time spent exploring and interacting with
their environment—activities that research shows enhance
overall development [3-5,12]. Collectively, these findings about
the lack of awareness regarding the AAP guidelines, confusion
about it, or the belief that infant screen time can be educational
suggest that caregivers may benefit from more thorough
explanations about why screen time should be avoided during
infancy. The implication for those involved in educating parents
is that such an effort must go beyond information transmission
and instead consider carefully how parents receive information,
how to maximize their learning of research-based knowledge,
and ways to elevate the impact of this learning in their parenting
practices [26,29,33].

In considering policy implications, it seems important to note
that the advertisements for many media companies target
children in the infancy age range. Parents and caregivers who
are uninformed may assume that their children learn from
products that promote the use of devices with screens. In some
countries, this type of false advertising is banned. Multiple
health organizations have made statements that discourage
parents from exposing their children younger than 2 years to
screen time, including in the United States, Australia, Canada,
and France [5,6,9]. Our findings suggest that substantial effort
is required to ensure such information is effectively
communicated to parents. Policy statements need to be supported
by effective communication strategies. A country that has taken
extensive policy measures to ensure the reduction of infant
media exposure is France. In 2008, the French High Audiovisual
Council made the informed decision to ban their television
companies from advertising and airing shows aimed at children
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younger than 3 years [4]. Although research suggests that
programs delivered via a device with a screen that target young
children do not provide educational value, the marketing of
such material is influential, and it may override best practice
recommendations by the AAP or similar groups in the minds
of parents [4,9]. Alternatively, the marketing of material or
products that endorse or encourage infant screen time may be
done more effectively than the communication of AAP
guidelines on the topic. In either case, this topic represents a
growing concern in raising young children and needs to be
explored further, as empirical research has demonstrated the
adverse effects of screen time exposure on an infant’s
development [3,4].

However, it should also be noted that there are contradictory
statements regarding screen time use during infancy that perhaps
make the decisions around screen time use for infants more
confusing and problematic for parents. For example, the Royal
College of Pediatrics and Child Health (RCPCH) in the United
Kingdom has made policy statements that counter the guidelines
set by the AAP and the World Health Organization. The RCPCH
[37] believes that the evidence presented on the adverse effects
of screen time exposure for infants and young children is often
overstated. Instead, the RCPCH directs parents to make their
own decisions regarding screen time use based on each
individual child, but acknowledge the expert recommendation
of avoiding screens 1 hour before bedtime [37]. Understandably,
the contradictory statements made by prestigious entities around
the world regarding screen time use for infants can make the
choice for parents more challenging. Again, this suggests that
institutions promoting child well-being should combine policy
recommendations with effective communication strategies for
reaching parents and reinforcing their key messages.

Limitations
A few limitations of this study ought to be considered. First, as
participants were recruited using a convenience sample, there
were limitations in the representativeness of the data.
Information was collected in a limited geographic region with
a moderately homogeneous population. Therefore, the results
may be less generalizable outside the United States or to other

regions of the United States. In addition, the sample was limited
by restricting eligibility to only female primary caregivers.
Additional research with an expanded, more diverse population
is advisable to strengthen the understanding of the topic beyond
this study.

As with all self-report measures, there is also a possibility of
social desirability influencing results, particularly relating to
reports of adherence to guidelines and use of screen time. We
attempted to reduce this bias by asking questions about the AAP
guidelines after we asked participants to estimate screen time,
rather than priming them with information about the guidelines.
Finally, screen time estimates for this age group may benefit
from a more fine-grained analysis, perhaps using increments of
15 minutes instead of the 1-hour range that we used here.

Conclusions
In summary, this study indicates that mothers of infant children
have a mixed awareness of AAP guidelines on screen time.
Furthermore, half of the caregivers in this study (86/172, 50%)
adhered to the guideline in restricting access to screen time,
whereas the other half did not and cited multiple parental
motivation factors for allowing infant screen time exposure.
Both parental awareness of the AAP guideline and adherence
to that guideline were linked with greater likelihood of limiting
an infant’s average daily screen time. More highly educated
mothers were less likely to endorse certain reasons for allowing
infant screen time, such as to help children relax or to reward
them, but otherwise, parental motivations for allowing infant
screen time did not differ by level of education. Furthermore,
parental motivation factors did not predict the average daily
screen time exposure of infant children. The findings suggest
the importance of extending beyond policy statements to ensure
that parents have a clear and informed understanding of
recommendations for child well-being that are provided by
groups such as the AAP. In doing so, it is hoped that
recommendations based on current research can truly be
leveraged to enhance parenting best practices and give infant
children greater opportunities for enriched learning and positive
developmental growth.
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Abstract

Background: High media use has been implicated in negative social and health outcomes among adolescents. Therefore, it is
critical that adolescents develop skills to healthily engage with media content. Media health literacy (MHL), skills for assessing
and responding to health-related media content, and potentially targetable moderators for the relationship between media use and
health-related outcomes are understudied in adolescents. The lack of MHL assessment tools may have contributed to this research
gap.

Objective: This study aimed to develop and validate test-based scales of adolescents’ MHL.

Methods: The items developed were vetted iteratively via community reviews and cognitive interviews to establish content
and face validity. Adolescents (N=355) completed a questionnaire that included the revised MHL items. The scales
(Recognition/Identification, Influence/Critical Analysis, and Action/Reaction) were validated using Rasch measurement models.
Convergent validity was assessed by correlating the summed scores of the three scales with existing functional and internet-related
health literacy measures. Criterion validity was assessed by modeling logistic regressions for predicting health literacy–related
behaviors from each scale after controlling for demographics. Effect sizes were estimated, and a short form was also validated.

Results: The final MHL scales (Recognition/Identification, Influence/Critical Analysis, and Action/Reaction) fit their Rasch
models. The 9-item Recognition/Identification and 9-item Influence/Critical Analysis scales had good convergent validity with
functional and internet-related health literacy measures and were positively related to reading instructions before taking medicines
and questioning the truthfulness of health information found online. The 12-item MHL Scales-Short Form also had good convergent
and criterion validity. However, convergent and criterion validity were not established for the 3-item Action/Reaction Scale.

Conclusions: The Recognition/Identification and Influence/Critical Analysis scales and the MHL Scales-Short Form may be
used to determine the impact of MHL on media use and health outcome relationships and ultimately inform the development of
interventions and policies to affect these relationships in multiple settings.

(JMIR Pediatr Parent 2022;5(2):e35067)   doi:10.2196/35067

KEYWORDS

adolescents; health communications; health literacy; measurement; media health literacy; Rasch; mobile phone

Introduction

Background
The presence of digital media is evolving as people, especially
adolescents, continue to socialize and interact with the world
more frequently through this medium [1]. Twenge et al [2]
found that the time 12th graders spent online more than doubled

from 2006 to 2016, and 82% of 12th graders used social media
daily in 2016. According to a Pew survey (2018), approximately
95% of adolescents own or have access to a smartphone, and
almost half of them are online constantly [3]. High levels of
media use among adolescents are related to negative outcomes,
including poor academic achievement [4], obesogenic behaviors
and obesity [5], mental health problems [6], and substance use
[7]. Media literacy, and media health literacy (MHL)
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specifically, may mitigate these negative relationships. Few
studies have explored the effect of media literacy on health
beliefs and health outcomes [8-10], and even fewer studies have
examined the effect of MHL specifically on these outcomes
[11].

Media literacy is the ability to access, understand, evaluate,
scrutinize, and create print and electronic media [12,13]. MHL
differs from media literacy in that it is more specific to how one
engages with health-related media content. Levin-Zamir et al
[11] proposed a conceptualization of MHL that was influenced
by the functional (reading and writing skills required for
everyday situations), communicative or interactive (skills to
draw meaning from multiple types of communication and apply
to situations), and critical (critical analysis of information and
skills to foster sociopolitical action) health literacy (HL)
domains proposed by Nutbeam [14,15]. Levin-Zamir et al [11]
described MHL as including the following four domains: the
identification and recognition of health-related media content,
the assessment of health-related media content’s intended
influence on behavior, the critical analysis of health-related
media content, and the declaration of intent to act in response
to health-related media content.

The paucity of health behavior research on MHL in comparison
with the amount of such research on media literacy is likely due
to the lack of measures for assessing adolescents’ MHL.
Levin-Zamir et al [11] developed a measure of MHL that
includes the four domains described in their definition of the
concept. However, the items were based on video segments that
adolescents viewed, including qualitative and quantitative
responses, and the sample was restricted to Jewish adolescents
in Israel. Therefore, the measure would be difficult to use in
most research and clinical settings, and its applicability and
utility outside of a Jewish Israeli population is unclear. There
are some measures of media literacy that are specific to health
behaviors that are not MHL. For example, Primack et al [16]
developed a measure to assess adolescents’ smoking
content–related media literacy. However, more general measures
of adolescents’ MHL are necessary to assess these important
skills across multiple health behaviors.

This Study
Guided by the definition and measure of MHL provided by
Levin-Zamir et al [11], this study aims to develop and validate
test-based scales of MHL that could be administered and scored
in research and clinical settings. This study used the Rasch
measurement model, a probabilistic model that tests data fit
against a measurement model rather than a sampled population,
as is characteristic of classical test theory [17]. Thus, the
resulting fit statistics and validated scales are not sample
dependent [18]. In the Rasch measurement model, the
probability of a specific person responding in a specific manner
to a specific item is calculated, and persons with higher abilities
have higher probabilities of endorsing higher items, whereas
items with higher difficulties have a lower probability of being
endorsed [17,18]. Item difficulty and personal ability are
estimated independent of the sample and items in the scale,
respectively [18]. This methodology is appropriate for validating
the MHL scales, as it identifies the person abilities level and

cutoff scores distinguish between different levels of ability that
are informative when trying to assess and intervene on skills.
We hypothesized that the final scales would have good
convergent validity with previously validated measures of
functional and internet-related HL and would also demonstrate
good criterion validity with self-reported HL-related behaviors.

Methods

Study Design
A multiphase mixed methods design was used to develop and
validate the Adolescent MHL Scales.

Ethics Approval
This study was approved by the Tufts University Social
Behavioral and Educational Institutional Review Board
(approval number: 1411003). Informed consent was obtained
from college students. Parent permission and adolescent assent
were obtained for adolescents’ participation in data collection.

Measures

Demographics
Participants self-reported their age, gender (male, female,
transgender, nonbinary, and other), ethnicity (Hispanic, Latino
or Latina, or Spanish origin), and race (Black or African
American, Asian, Native American or Alaskan Native, Native
Hawaiian or other Pacific Islander, White, and other). Given
the small sample size, Asian, Native American or Alaskan
Native, and Native Hawaiian or other Pacific Islander were
combined. Participants who selected multiple races were labeled
as multiracial. All questions included a “prefer not to answer”
option.

Newest Vital Sign
The Newest Vital Sign (NVS [19]) is a commonly used measure
of functional HL and has good internal consistency (Cronbach
α=.76). The NVS includes 6 reading and numeracy questions
related to a provided nutritional facts label. Responses were
scored, summed, and categorized as a high likelihood of limited
literacy (0-1 correct responses), a possibility of limited literacy
(2-3 correct responses), and adequate literacy (≥4 correct
responses). Summed scores were used to evaluate convergent
validity between the functional HL and MHL scales.

eHealth Literacy Scale
The eHealth Literacy Scale (eHEALS [20]) is a measure of
internet-related HL with good internal consistency (Cronbach
α=.88). The 8-item measure assesses individuals’ comfort with,
knowledge of, and perceived skills for accessing, evaluating,
and using health information found on the internet. Response
options were scored on a 5-point Likert scale ranging from
strongly disagree to strongly agree. Summed scores were used
to evaluate convergent validity between the internet-related HL
and MHL scales.

HL Behaviors
Items that were examples of adolescents’ applied use of their
HL skills were developed for this study. These items were
informed by focus groups where adolescents described how
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they used their HL skills [21]. Participants indicated whether
they engaged in 2 behaviors indicative of HL—questioning the
truthfulness of health information found online and reading
instructions before taking medicines. These items were
consistent with the scope and reach of the applied use aspect of
HL conceptualized by Sørenson et al [22].

MHL Scales Development
Measurement development involved item bank development,
quantitative data collection, and measurement evaluation.

Item Bank Development
Using the definition and measure of MHL provided by
Levin-Zamir et al [11] as a guide, 26 images were created to
assess participants’ ability to recognize health messages in
media, of which 10 (47%) were intentionally unrelated to health.
We chose to use images rather than videos because images are
ubiquitous across multiple media outlets, including the social
media platforms that adolescents frequent (eg, Instagram), health
websites and clinics (via infographics), and in the community
(eg, health information posters at school and print
advertisements). Images (vs videos) were also chosen because
they allowed for self-administration and quick scoring. The 26
images were piloted with undergraduate research assistants who
were not involved in this project as a community review step,
given this demographic’s use of media is similar to that of
adolescents. Their feedback was used to revise 12 (46%) images
and remove 8 (31%) images. The 18-image measure (including

6 images unrelated to health) was then piloted. In all, 19
cognitive interviews were conducted with college students (age:
mean 18.74, SD 0.99 years; women: n=14, 73%; Black
participants: n=2, 10%; Asian participants: n=4, 21%) to gather
feedback on the appropriateness and relatability of the images,
to gather suggestions for modifications, and to qualitatively
assess participants’ MHL according to the four
domains—recognition/identification, influence, critical analysis,
and action/reaction—proposed by Levin-Zamir et al [11]. Data
collection from the cognitive interviews concluded when
saturation was achieved. The qualitative responses were
transcribed and content-analyzed. The images were modified
based on the content analysis. Specifically, approximately 7
(39%) images were revised (text was removed and images were
modified), 3 (17%) health-related images and all 6 (33%)
non–health-related images were removed, and 1 (6%) image
was added (Figure 1). Non–health-related images were removed,
as responses varied in cognitive interviews based on how
participants defined health. Qualitative responses were also used
to create response options for questions related to influence,
critical analysis, and action. It should be noted that only images
with consistent responses across interviewees were chosen for
these additional questions for the measure. The revised measure
contained 10 health-related images. Each image included an
accompanying question about health-related message
recognition, and 3 (30%) images included 14 questions on
influence, critical analysis, and action/reaction.

Figure 1. Illustration of iterative image bank revisions before large scale quantitative data collection.

Quantitative Data Collection and Measurement
Evaluation
The revised measure was administered to a convenience sample
of adolescents (aged 12-18 years), and Rasch measurement
models were used to identify the items that best fit the latent
constructs. In coordination with the head health teacher at a
local high school, adolescents were recruited via flyers that were
posted in school common areas and provided to them, as well
as classroom announcements, and they completed the survey
during their health class. Data from students whose parents
signed permission forms and who signed assent forms were
retained and used in this study (N=355). The survey was
administered electronically on researcher-provided tablets using
the Qualtrics survey platform (Qualtrics International Inc).
Students received a US $15 gift card for their participation.

Statistical Analyses
Rasch models were estimated in Winsteps (version 5.1.1) [23],
and all other analyses were conducted in SPSS (version 27;
IBM Corporation) [24]. The full measure (24 items) was first
analyzed using the Rasch Partial Credit Model, as response
options were dichotomous and polytomous. The Rasch Partial
Credit Model allows each item to have its own rating scale

structure; therefore, not all items have to be on the same rating
scale. As anticipated, analyzing the measure as a single latent
construct revealed multidimensionality. Separate clustering was
observed on the standardized residual contrast plot for
action/reaction-oriented items and recognition-oriented items,
and the remaining items were clustered together. Given the
consistency with the clusters with the a priori content writing
of the items (informed by Levin-Zamir et al [11]), the clusters
were evaluated as separate scales. Recognition/identification
items were analyzed using the Rasch Dichotomous Model, and
influence/critical analysis and action/reaction items were
analyzed using the Rasch Partial Credit Model, as they included
polytomous responses.

The key assumptions of Rasch include unidimensionality (“Do
items assess a shared latent construct?”), local independence
(“Are the item responses statistically independent of each
other?”), and monotonicity of the latent trait (“Are scores
monotonically nondecreasing across the latent trait?”).
Unidimensionality was evaluated by examining the principal
component analysis of the residuals [25] and was confirmed if
the eigenvalue of the unexplained variance in the first contrast
was <2 [26]. On the basis of the recommendation by Christensen
et al [27], the Q3,* test statistic, which is calculated as Q3,max
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(maximum standardized residual correlation between a pair of
items) minus the mean of Q3, (mean of all standardized residual
correlations between item pairs), was calculated. Q3,max and the
Q3,* test statistic were compared with the critical values reported
by Christensen et al [27] to determine if there was local
independence. Critical values for Q3,max and the Q3,* test statistic
at the 99th percentile were 0.24 and 0.31, respectively.
Monotonically ascending test characteristic curves were
indicative of monotonicity [28].

Person and item parameters were estimated using joint
maximum likelihood estimation procedures. Outfit mean squares
for person and item parameters were examined for good fit
(0.5-1.5=good fit; <0.5 or 1.6-2.0=unproductive but not
degrading to the measure) [29]. If items had outfit mean squares
of >1.5, the standardized statistics were then examined. Items
with standardized statistics of >2 were considered for removal.
Items with outfit mean squares of <0.5 are less concerning;
therefore, they were not considered for removal [30]. The
refinement of the measures was performed iteratively. Items
with the highest mean square outfit misfit and standardized
outfit statistics of >2 were removed first, and the models were
re-estimated and re-evaluated after each removal. Regarding
person misfit, for each analysis, 1 round of the most misfitting
responses was removed (taken from tables of the most misfitting
responses), and the models were re-estimated and compared
with the original models. If removing these responses did not
improve the model fit, the original model was retained, but if
the model fit improved, the model with the removed responses
was retained for final analyses [29]. Negative point-measure
correlations were removed, as these indicated that the items did
not belong to the scale [25,31]. Similar to other studies using
the Rasch measurement model, final decisions to retain or
remove items were based on statistical findings and theoretical
reasonings for the items [32]. The key assumptions of the Rasch
models were examined at each iteration of model estimation.

Reliability for both items and persons were examined. For items,
item separation reliability statistics closer to 1 indicated good
item separation (ie, good item difficulty range). Rasch person
reliability and classical test theory reliability statistics assume
symmetric ability, which is rarely the case in health-related
research. To address this, Wright [33] proposed an alternative
method of calculating reliability; the Wright sample-independent
reliability statistic is computed once measurement calibration
is complete [33]. The calculations involve determining the
number of strata across the scores and then using this to calculate

the sample-independent reliability (ie, number of levels2/1 +

number of levels2). Sample-independent reliability was
appropriate for this study because the sample was skewed in
terms of ability. Uniform differential item functioning (DIF)
for gender, age, and ethnicity was also calculated to determine
whether the items performed similarly across subpopulations.
Detecting statistically significant DIF that is ≥0.5 logits requires
at least 100 participants per subgroup [34], and significance

thresholds are typically set to P<.01 to account for multiple
tests. Given the small sample sizes, age was grouped into early
(aged 12-15 years) and late (aged 16-18 years) adolescence to
calculate DIF. Sample size requirements were met for all
analyses; Rasch model calculations can be estimated with 99%
confidence within 0.5 logits with a minimum sample size of
108 to 243 [35], and each response category surpassed the
minimum requirement of 10 responses for polytomous items
[36].

Descriptive statistics were calculated after the three scales were
finalized. Convergent validity (whether 2 measures of constructs
that should be related are related [37]) was assessed by
correlating the summed scores of the three scales with existing
functional and internet-related HL measures. The correlations
were expected to be significant but in the low to moderate range,
given that functional and internet-related HL are related but
have different constructs from those of MHL (ie, hetero-trait).
Criterion validity (whether the score on 1 measure is related to
a direct outcome of the phenomenon [38]) was assessed by
modeling logistic regressions for predicting HL-related
behaviors from each scale after controlling for demographics.
Effect sizes were also estimated by estimating receiver operating
characteristic curves and transforming the areas under the curves
to Cohen d values by using the tables proposed by Salgado [39].

Unplanned Post Hoc Analyses
Although the initial intent of the measure development process
was to develop scales to assess the MHL domains outlined by
Levin-Zamir et al [11], the resultant two scales with good
validity would likely be difficult to administer in most settings
because of the length of the scales. Furthermore, having a single
score for MHL may be more useful and easier to interpret in
some settings. Therefore, an additional Rasch model was
estimated only for images for which all questions were asked
(images MHLH6, MHLH7, and MHLH8) in an attempt to create
a short form. Items were only included in the short-form
estimation if they were included in the final versions of the two
validated scales. All of the above outlined procedures were
followed to determine the validity of the short form.

Results

Overview
A sample of 355 adolescents (age: mean 16, SD 1.34 years;
adolescent girls: n=165, 46.5%) completed the survey. All but
1 participant chose either the male or female option.
Approximately 147 (41.8%) adolescents in the sample were
non-Hispanic or non-Latinx, and the largest racial group was
other (approximately 27.3%), partially owing to Hispanic and
Latinx adolescents choosing “other” as their race. A subsample
(n=200) of adolescents completed the NVS; 70 (35%) of these
adolescents had a high likelihood of limited literacy, and 54
(27%) had adequate literacy (see Table 1 for additional
descriptive statistics).
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Table 1. Charactertistics of the sample (N=355).

Short FormAction/ ReactionInfluence/ Critical
Analysis

Recognition/ IdentificationValues, n
(%)

Variable

F valueValues,
mean (SD)

F valueValues,
mean (SD)

F valueValues,
mean (SD)

F valueValues,
mean (SD)

18.31a1.0412.65a2.21Gender

13.83
(2.83)

3.55 (2.53)11.47
(2.55)

6.81 (1.98)136 (38.3)Boys

15.18
(2.36)

3.86 (2.57)12.49
(2.23)

7.12 (1.48)165 (46.5)Girls

————b54 (15.2)Missing

0.401.900.310.24Age (years)

14.63
(3.01)

4.43 (2.41)12.08
(2.75)

6.89 (1.78)57 (16.1)12-14

14.49
(2.59)

3.79 (2.15)11.91
(2.38)

6.98 (1.49)50 (14.1)15

14.81
(2.53)

3.43 (2.79)12.24
(2.33)

7.02 (1.89)63 (17.7)16

14.42
(2.66)

3.35 (2.59)11.91
(2.35)

7.09 (1.80)101 (28.5)17

14.10
(2.79)

4.03 (2.61)11.70
(2.78)

6.77 (1.54)34 (9.6)18

————50 (16.1)Missing

0.470.021.260.30Hispanic or Latinx

14.40
(2.68)

3.68 (2.57)11.81
(2.44)

6.98 (1.67)150 (42.3)Yes

14.62
(2.73)

3.72 (2.52)12.14
(2.50)

7.09 (1.67)147 (41.4)No

————58 (16.3)Missing

2.56d1.232.10c1.71Race

13.14
(3.52)

2.79 (2.34)10.86
(3.30)

6.38 (2.32)24 (6.8)ANAANNHOPIe

14.27
(2.96)

3.74 (2.57)11.91
(2.76)

6.87 (1.68)61 (17.2)Black

15.03
(2.37)

3.79 (2.73)12.34
(2.10)

7.37 (1.56)66 (18.6)White

15.03
(2.53)

3.37 (2.28)12.67
(2.25)

6.97 (1.71)31 (8.7)Multiracial

14.69
(2.32)

4.01 (2.58)12.00
(2.14)

7.08 (1.54)97 (27.3)Otherf

————76 (21.4)Missing

29.33a0.6531.93a11.13aNewest Vital Sign

12.68
(3.03)

3.94 (2.33)10.24
(2.60)

6.47 (1.98)70 (19.7)High likelihood of
limited literacy

14.75
(2.24)

3.81 (2.75)12.28
(2.12)

6.96 (1.53)76 (21.4)Possibility of limited
literacy

16.06
(1.63)

3.41 (2.74)13.35
(1.57)

7.85 (0.92)54 (15.2)Adequate literacy

————155 (43.7)Missing

53.72a1.8327.63a330.19aRecognition/Identification
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Short FormAction/ ReactionInfluence/ Critical
Analysis

Recognition/ IdentificationValues, n
(%)

Variable

F valueValues,
mean (SD)

F valueValues,
mean (SD)

F valueValues,
mean (SD)

F valueValues,
mean (SD)

10.76
(3.00)

2.96 (2.18)9.43 (2.66)3.00 (1.23)26 (7.3)Emerging

14.87
(2.42)

3.71 (2.60)12.23
(2.32)

7.38 (1.17)257 (72.4)Expanding

————72 (20.3)Missing

283.96a3.45d336.96a9.66aInfluence/Critical Analysis

8.00 (1.71)3.25 (2.36)6.10 (1.25)5.82 (2.65)20 (5.6)Emerging

13.93
(1.81)

3.46 (2.43)11.42
(1.64)

6.96 (1.61)184 (51.8)Expanding

17.06
(0.74)

4.28 (2.77)14.37
(0.49)

7.55 (1.14)89 (25.1)Bridging

————62 (17.5)Missing

10.16g670.44a8.76g3.31cAction/Reaction

14.15
(2.87)

2.11 (1.43)11.65
(2.62)

6.91 (1.70)193 (54.4)Emerging

15.20
(2.19)

6.52 (1.35)12.54
(2.11)

7.29 (1.59)106 (29.9)Expanding

————56 (15.8)Missing

277.97a1.35219.50a17.15aShort Form

6.00 (1.10)2.00 (1.67)4.67 (1.21)4.67 (2.58)6 (1.7)Emerging

13.08
(1.99)

3.75 (2.45)10.72
(1.95)

6.75 (1.76)157 (44.2)Expanding

16.75
(0.77)

3.72 (2.74)13.95
(0.75)

7.58 (1.12)122 (34.4)Bridging

————70 (19.7)Missing

aP<.001.
bNot available (missing data).
cP<.10.
dP<.05.
eANAANNHOPI: Asian, Native American/Alaskan Native, Native Hawaiian/other Pacific Islander.
fIn all, 70 adolescents who identified as other indicated that they were Hispanic/Latinx.
gP<.01.

Recognition/Identification
The Recognition/Identification item bank contained 10 items,
and 9 (90%) items were retained for the final scale (Multimedia
Appendix 1). The final scale assessed adolescents’ ability to
identify health-related messages in images. One item was
removed because of high outfit statistics. The removal of the
most misfitting person responses improved the model and item
fit; therefore, the final model was estimated after removing these
misfitting responses. Point-measure correlations for the final

scales were between 0.45 and 0.61, suggesting high correlations
with person abilities. The assumptions of unidimensionality
(eigenvalue=1.5), local independence (Q3,max=0.17; Q3,* test
statistic=0.27), and monotonicity were met. No DIF was detected
for gender, age, or ethnicity. Item separation reliability (0.98)
was acceptable. The Wright sample-independent reliability
statistic was 0.80, and the scores differentiated 2 distinct levels
of performances—emerging (scores of 0-4) and expanding
(scores of 5-9). The Kuder-Richardson Formula 20 (KR-20) α
was .74 (see Table 2 for the fit statistics).
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Table 2. Rasch item difficulties and fit statistics ordered from the most to least difficult item on each individual scale.

Media health literacy individual scalesItem

PMCcOutfit ZSTDbOutfit MNSQaSEDifficulty

Recognition/Identification

0.580.851.160.163.09MHLH1REC

0.61−0.680.920.151.53MHLH10REC

0.511.881.220.151.47MHLH8REC

0.57−0.780.870.170.34MHLH9REC

0.520.101.010.18−0.04MHLH3REC

0.54−1.180.720.20−0.49MHLH4REC

0.51−1.460.390.30−1.84MHLH2REC

0.45−0.790.550.32−2.02MHLH7REC

0.51−1.680.280.32−2.05MHLH6REC

Influence/Critical Analysis

0.68−1.080.900.071.42MHLH7AGR

0.73−0.220.980.071.05MHLH6AGR

0.391.281.150.150.79MHLH7INT

0.361.151.200.160.12MHLH6CON

0.290.391.080.20−0.39MHLH8INF

0.65−1.160.720.20−0.51MHLH7CON

0.260.681.160.20−0.57MHLH7INF

0.33−1.260.640.22−0.86MHLH6INT

0.35−1.490.550.24−1.05MHLH6INF

Action/Reaction

0.79−1.720.860.090.21MHLH7ACT

0.791.331.120.090.09MHLH8ACT

0.81−0.310.970.09−0.30MHLH6ACT

aMNSQ: mean square.
bZSTD: standardized statistic.
cPMC: point-measure correlation.

Recognition/Identification scores (mean 6.99, SD 1.73) differed
significantly by NVS category. Specifically, adolescents who
had adequate literacy on the NVS had higher
Recognition/Identification scores than those who had a high
likelihood of limited literacy (mean difference=1.38; P<.001)
or the possibility of limited literacy (mean difference=0.89;
P=.006). The scale had convergent validity with the NVS
(r=0.30; P<.001) and eHEALS (r=0.22; P=.001). Regarding
criterion validity, the scale was positively related to adolescents
questioning the truthfulness of health information found online
(odds ratio [OR] 1.40, 95% CI 1.17-1.66; P<.001; Cohen
d=0.47) and reading instructions before taking medicines (OR
1.34, 95% CI 1.09-1.66; P=.006; Cohen d=0.34).

Influence/Critical Analysis
The Influence/Critical Analysis item bank contained 11 items,
and 9 (89%) items were retained for the final scale (Multimedia
Appendix 2). The final scale assessed adolescents’ ability to

correctly identify the content and intent of the messages and
their critical analyses on the intended influences of the messages.
In all, 2 (11%) items were removed because of high outfit
statistics. The removal of the most misfitting person responses
did not improve the model fit. The point-measure correlations
for the final scale were between 0.26 and 0.73. The assumptions
of unidimensionality (eigenvalue=1.6), local independence
(Q3,max=0.15; Q3,* test statistic=0.23), and monotonicity were
met. No DIF was detected for gender, age, or ethnicity. Item
separation reliability (0.96) was acceptable. The Wright
sample-independent reliability statistic was 0.90, and the scores
differentiated 3 distinct levels of performances—emerging
(scores of 0-7), expanding (scores of 8-13), and bridging (scores
of 14-15). The KR-20 α was .91. The possible scores ranged
from 0 to 15 rather than 0 to 9 because this scale included
dichotomous and polytomous items and, for the Rasch Partial
Credit Model, each polytomous response option has a unique
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score that corresponds to the degree of correctness (see Table
2 for fit statistics).

Influence/Critical Analysis scores (mean 11.95, SD 2.48)
differed by gender and NVS category. Adolescent girls scored
significantly higher than adolescent boys (mean difference=1.02;
P=.001), and adolescents who had adequate literacy on the NVS
had higher Influence/Critical Analysis scores than those who
had a high likelihood of limited literacy (mean difference=0.60;
P<.001) or the possibility of limited literacy (mean
difference=0.25; P=.029). Convergent validity with the NVS
(r=0.49; P<.001) and eHEALS (r=0.22; P=.001) was
established. Regarding criterion validity, the scale was positively
related to questioning the truthfulness of health information
found online (OR 1.34, 95% CI 1.18-1.52; Cohen d=0.69) and
reading instructions before taking medicines (OR 1.31, 95% CI
1.11-1.54; Cohen d=0.86).

Action/Reaction
The Action/Reaction item bank contained 3 items that assessed
adolescents’ intention to take personal or social action in
reaction to health-related content in the media image. The
response options were ranked from no action to public and
personal action intended/planned. All items were retained for
the final scale (Multimedia Appendix 3). There were no
misfitting items, and the removal of the most misfitting person
responses did not improve the model fit; therefore, all items
and responses were retained. Point-measure correlations for the
final scale were between 0.79 and 0.81. The assumptions of
unidimensionality (eigenvalue=1.6), local independence

(Q3,max=−0.60; Q3,* test statistic=−1.10), and monotonicity were
met. No DIF was detected for gender, age, or ethnicity. Item
separation reliability was low (0.82). The Wright
sample-independent reliability statistic was 0.80, with the scores
differentiating 2 distinct levels of performances—emerging
(scores of 0-4) and expanding (scores of 5-9). The KR-20 α
value was .71 (see Table 2 for fit statistics).

Action/Reaction scores (mean 3.68, SD 2.53) did not differ
according to demographic characteristics or the NVS category.
The scale was significantly positively correlated with the NVS
(r=0.24; P=.002) but not significantly correlated with eHEALS
scores; therefore, convergent validity was established only for
functional HL. Regarding criterion validity, Action/Reaction
scores were not significantly related to measured HL-related
behaviors.

MHL Scales-Short Form
All 12 items of the MHL Scales-Short Form comprised 1
dimension, and all items fit the Rasch Partial Credit Model
(Multimedia Appendix 4). Point-measure correlations were
between 0.26 and 0.67. The assumptions of unidimensionality
(eigenvalue=1.72), local independence (Q3,max=0.14; Q3,* test
statistic=0.20), and monotonicity were met. No DIF was detected
for gender, age, or ethnicity. Item separation reliability (0.96)
was acceptable. The Wright sample-independent reliability
statistic was 0.90, with the scores differentiating 3 distinct levels
of performances—emerging (scores of 0-7), expanding (scores
of 8-15), and bridging (scores of 16-18). The KR-20 α value
was .93 (see Table 3 for fit statistics).

Table 3. Rasch item difficulties and fit statistics ordered from most to least difficult item on the Media Health Literacy Scales-Short Form.

Media Health Literacy Scales-Short FormItem

PMCcOutfit ZSTDbOutfit MNSQaSEDifficulty

0.362.211.190.141.48MHLH8REC

0.640.441.040.071.44MHLH7AGR

0.67−1.520.830.061.16MHLH6AGR

0.390.731.090.150.80MHLH7INT

0.350.531.080.160.16MHLH6CON

0.28−0.180.940.20−0.35MHLH8INF

0.64−1.580.650.19−0.45MHLH7CON

0.260.551.130.20−0.53MHLH7INF

0.280.030.980.22−0.79MHLH7REC

0.31−1.250.650.22−0.81MHLH6INT

0.34−1.600.530.24−1.00MHLH6INF

0.32−1.320.570.24−1.13MHLH6REC

aMNSQ: mean square.
bZSTD: standardized statistic.
cPMC: point-measure correlation.

The MHL Scales-Short Form scores (mean 14.50, SD 2.70)
differed by gender, race, and NVS category. Adolescent girls
scored higher than adolescent boys (mean difference 1.34;
P<.001), and White adolescents had higher scores than

adolescents in the Asian, Native American or Alaskan Native,
and Native Hawaiian or other Pacific Islander cluster. For the
NVS categories, adolescents who had adequate literacy had
higher MHL scores than those who had a high likelihood of
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limited literacy (mean difference=3.38; P<.001) or the
possibility of limited literacy (mean difference=1.31; P=.008).
Convergent validity with the NVS (r=0.48; P<.001) and
eHEALS (r=0.21; P=.002) was established. Regarding criterion
validity, the scale was positively related to questioning the
truthfulness of health information found online (OR 1.31, 95%
CI 1.16-1.47; Cohen d=0.68) and reading instructions before
taking medicines (OR 1.32, 95% CI 1.13-1.53; Cohen d=0.91).
Tables showing Q3, matrices and reliability statistics for all
scales are included in Multimedia Appendix 5.

Discussion

Principal Findings
This study developed and validated test-based scales of
adolescents’ MHL. Face and initial content validity were
established using community reviews and cognitive interviews.
The final scales fit their respective Rasch models and met the
assumptions of unidimensionality, local independence, and
monotonicity required for Rasch models. Criterion and
convergent validity were established for the
Recognition/Identification and Influence/Critical Analysis scales
and their combined short form (MHL Scales-Short Form). For
Action/Reaction, only convergent validity with functional HL
was established.

The questions on the Recognition/Identification scale tested
adolescents’ ability to recognize that the image was
health-related but did not address a more nuanced interpretation
of the images. Conversely, the more specific questions on the
Influence/Critical Analysis scale focused on the complexity of
engaging with health-related media messages, namely the initial
interpretation of the content (content question), followed by
understanding the purpose behind the message (intent or
influence) and the adolescents’ level of agreement with the
message (agreement). Given that HL is developmental [22],
responses to these items will be strongly influenced by
adolescents’ experiences with media and health content as well
as their capacity for critical thought, drawing on previous
knowledge and integrating multiple sources of information.
Therefore, although all responses for some items (eg, influence
items) may seem plausible based on an adolescent’s background,
adolescents whose responses reflect more critical thought and/or
the integration of multiple sources of information would have
higher influence/critical analysis skills and are more likely to
choose responses that are scored higher on the scale.

Although the Action/Reaction scale was validated using the
Rasch Partial Credit Model, convergent validity was only
established with functional HL, and criterion validity was not
established. The items in this scale are qualitatively different
from the other items, as this scale attempts to assess intended
personal and community advocacy in reaction to health-related
media content. Our scoring system ranked individuals’ responses
from no action to personal and community action. It is possible
that our criterion validity items were not sufficiently sensitive
or specific to detect the validity of this scale. It is also possible
that the items may not adequately assess the Action/Reaction
construct as intended. Furthermore, asking adolescents to predict
what they may do might be too abstract, and this approach might

be highly susceptible to social desirability responses based on
what is the right thing to do. Alternative items or methods for
assessing this concept (eg, more detailed scenarios for the media
content) should be explored, and the expansion of the items (eg,
more empowerment-related HL behaviors) should also be
considered to improve the validity of this scale for measuring
this construct. This scale should not be used until further
refinement and evaluation of the psychometric properties are
performed.

The items were originally written to align with the definition
and measure of MHL provided by Levin-Zamir et al [11].
However, the measure resulted in 3 scales rather than 4.
Levin-Zamir et al [11] conceptualized the domains of
recognition/identification and influence as being similar to the
functional HL proposed by Nutbeam [14]. They also equated
their critical analysis domain (agreement with content) with the
critical HL proposed by Nutbeam [14]. However, Nutbeam [14]
described interactive HL as skills that can be used “to extract
information and derive meaning from different forms of
communication”; therefore, both the influence and critical
analysis domains in the definition given by Levin-Zamir [11]
are better aligned with interactive HL. Consistent with the
definition of interactive HL by Nutbeam [14], the influence and
critical analysis items in our item bank formed 1 dimension that
may be better explained as interactive MHL, and the recognition
items formed a separate dimension that may be better explained
as functional MHL. Relatedly, Nutbeam [14] described the goal
of critical HL as personal and community empowerment. The
domain of action/reaction proposed by Levin-Zamir et al [11]
focuses on the intent to engage in action as a result of the health
message and equates this to the interactive HL proposed by
Nutbeam [14], but the definition and question items are arguably
better aligned with the critical HL proposed by Nutbeam [14].

It is possible that the use of images rather than videos, all
close-ended responses rather than open- and close-ended
responses, and the Rasch measurement for analyses rather than
the Guttman scale may have contributed to differences in the
final MHL scales when compared with the Levin-Zamir et al
[11] measure. However, conceptually, the items on each scale
are what would be expected if the definitions of functional,
interactive, and critical HL proposed by Nutbeam [14] were
applied to MHL, and the same item bank was used. Furthermore,
the use of images rather than videos has practical implications
for how the scales may be used. The capability for
self-administration in multiple modalities (eg, online and on
paper) means that the scales would have higher utility in
research and practice settings. In addition, images such as those
used in the MHL scales are familiar to adolescents and are
present in multiple types of media that adolescents frequent for
health and non–health-related content (eg, websites, health
clinics, school hallways, and social media).

The effect sizes for predicting HL-related behaviors from the
Recognition/Identification and Influence/Critical Analysis scales
ranged from small to large (Cohen d=0.34-0.86), suggesting
that the final scales are useful in predicting HL-related behavior
and for assessing the MHL skills necessary for engaging in
applied HL behaviors. The smallest effect sizes were noted for
Recognition/Identification; however, this is not surprising, given
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that this domain is similar to functional HL and is a more basic
skill set than interactive HL. If both scales cannot be used, the
MHL Scales-Short Form should be used, as it includes both
recognition/identification and influence/critical analysis items.
Furthermore, given that the effect sizes for predicting HL-related
behaviors from the short form ranged from medium to large,
the short form is as good an indicator as or a better indicator of
HL-related behaviors than either scale alone.

Limitations
This study has several limitations. The sample comprised
adolescents enrolled in health classes, with some having an
interest in health careers; therefore, their MHL ability might be
higher than the average adolescent. However, to account for the
skewed sample, sample-independent reliability was used instead
of person reliability statistics that assume a normal distribution
of ability. Future studies with normally distributed ability levels
should continue to assess the validity of the scales. Another
limitation was the insufficient age and race subgroup sample
sizes for calculating DIF for each age and racial group. Despite
the insufficient subgroup samples for calculating DIF, Rasch
analyses were conducted with an adequate sample, and the racial
diversity of the participants throughout each phase of the study
is a significant strength of this study. Future studies should
include appropriate sample sizes to determine measurement
invariance for multiple demographic variables related to MHL,
including parent education, household income, and chronic
disease status. Longitudinal designs are also required to assess
the predictive validity and the sensitivity and specificity of the
scales to detect changes over time. An important future
consideration is the validation of these MHL scales or the
development of similar scales for assessing MHL in adults. The
infiltration and expansion of fake news and misinformation on
media platforms, especially those related to health, have led to
poor and misinformed health decision-making with potentially
grave consequences. Although MHL has been implicated in
individuals using and sharing health misinformation, there are
no measures of adult MHL for assessing this implication or

identifying individuals who may benefit from an MHL
intervention.

Conclusions
This study developed test-based scales of adolescents’ MHL
that may be self-administered. The Rasch measurement model
supported a 9-item Recognition/Identification scale, a 9-item
Influence/Critical Analysis scale, a 3-item Action/Reaction
scale, and a 12-item Short-Form including items from the
Recognition/Identification and Influence/Critical Analysis
scales. Although all scales met the assumptions of the Rasch
measurement model, the Action/Reaction scale did not have
good convergent and criterion validity; therefore, this scale
should not be used until more research is done on its
psychometric properties. The Recognition/Identification and
Influence/Critical Analysis scales and the MHL Scales-Short
Form had good criterion and convergent validity. These scales
could be used in clinical and research settings to inform
interventions, policies, and programs to improve adolescents’
MHL and health decision-making.

Practical Implications
The development of MHL scales is a critical step in determining
the impact of MHL on the relationship between media use and
health outcomes and ultimately informing the development of
programs, interventions, and policies to reduce the negative
effect of media use on adolescents’ health outcomes. The
Recognition/Identification and Influence/Critical Analysis scales
and their combined short form are useful in multiple settings.
For example, health teachers may use the scales as a pretest to
assess their students’ abilities and to plan and implement
curricula for improving students’MHL accordingly. Researchers
and practitioners may also use the scales to identify MHL
intervention needs for adolescents. Furthermore, the scales may
be used to collect data to establish a baseline understanding of
adolescents’MHL skills, which may inform health-related media
content developed for adolescents.
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Abstract

Background: Social media is used by young adult patients for social connection and self-identification.

Objective: This study aims to compare the social media habits of young adults with inflammatory bowel disease (IBD) and
type 1 diabetes (T1D).

Methods: This is a cross-sectional study of subjects from Boston Children’s Hospital outpatient IBD and diabetes clinics.
Patients above 18 years of age were invited to complete a brief anonymous survey, which asked about the various ways they use
several social media platforms.

Results: Responses were received from 108 patients (92.5% response rate), evenly split across disease type. We found that 83%
of participants spent at least 30 minutes per day on social media, most commonly on Instagram and Facebook. Although the
content varied based on the platform, patients with IBD posted or shared content related to their disease significantly less than
those with T1D (23% vs 38%, P=.02). Among Instagram users, patients with IBD were less likely to engage with support groups
(22% vs 56%, P=.04). Among Twitter users, patients with IBD were less likely to seek disease information (77% vs 29%, P=.005).
Among Facebook users, patients with IBD were less likely to post about research and clinical trials (31% vs 65%, P=.04) or for
information seeking (49% vs 87%, P=.003). Patients with IBD were also less likely to share their diagnosis with friends or family
in person.

Conclusions: Young adults with IBD were less willing to share their diagnosis and post about or explore the disease on social
media compared to those with T1D. This could lead to a sense of isolation and should be further explored.

(JMIR Pediatr Parent 2022;5(2):e34466)   doi:10.2196/34466

KEYWORDS

social media; inflammatory bowel disease; type 1 diabetes; internet; young adult; children; Instagram; Facebook; type 1; diabetes

Introduction

Inflammatory bowel disease (IBD) and type 1 diabetes (T1D)
are both prevalent chronic diseases with significant impact on
health and quality of life [1,2]. Young adults in particular are

affected by the social and interpersonal impact of these
conditions [3] at a time when social interaction with peers is
often central. Young adults may face loss of other familiar social
structures at this time such as moving away from the family
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home, starting college, starting a job, and transitioning their
medical care to new providers [4,5].

Social media consists of a rapidly changing collection of internet
tools and phone apps. However, literature has consistently
shown that adolescents and young adults use social media to
make social connections, seek support, explore self-identity,
and learn self-presentation and disclosure [6]. Prior to the
COVID-19 pandemic, 76% of American teenagers used at least
one form of social media, with an average daily usage of 1 hour
and 11 minutes [6], and this likely increased with the onset of
the pandemic. Social media is a commonly used tool that may
provide clues about how young adults are feeling through their
self-disclosures, discussion of their condition, searches for
information, or avoidance of the topic.

Young adults with IBD and T1D are useful comparisons as
these conditions vary in public familiarity and stigma. IBD has
been reported to have very poor public familiarity and was
ranked in one study as having higher social stigma than genital
herpes, alcoholism, and obesity [7]. Diabetes is more common
in the general population and better recognized. Some studies
have evaluated social media use by a cohort of patients with a
single condition such as IBD, but there is limited literature about
social media patterns of patients with contrasting conditions
[8]. Specifically, to our knowledge, no prior study has explored
and compared social media usage of adolescents with IBD and
those with T1D. This comparison can be used to help begin to
tease out which factors influence how young adults use social
media with respect to their medical condition. We hypothesize
that patients with T1D will know others with the condition and
will be more inclined to share health information. In contrast,
we wonder if patients with IBD will share less as the condition
is less well known and has more associated stigma [9].

Methods

Participants and Data Collection
This cross-sectional pilot study included 108 young adult
patients who presented to outpatient Boston Children’s Hospital
IBD and diabetes clinics from October 2019 to January 2020.
Patients were given an envelope with the invitation letter and
the survey and could return the envelope with the survey blank
or filled out. Of the 126 patients given envelopes, 108 filled in
answers. Information for the study was collected in an
anonymous paper-based survey. Those who were younger than
18 years old or who were not proficient in English were
excluded. Eligible patients were informed about the study and
that submission of the anonymous survey would imply consent
to use their answers for research.

The survey was created to explore specific issues not found in
validated instruments. One round of pilot testing was done with
a group of 4 patients. Further iterations were done with providers
knowledgeable about surveys and these conditions and young
adults with other conditions. The instrument has not yet been
validated.

The patient survey collected demographics, including
participants’ age, gender, race, diagnosis (Crohn disease or
ulcerative colitis, for the IBD group only), time since diagnosis,

and self-reported disease severity on a scale of 1-5, with 5 being
most severe. The survey explored participants’ social media
usage and posting patterns, along with in-person habits such as
how often and with whom they discuss their diagnoses.

Ethics Approval
This study was approved by the Boston Children’s Hospital
Institutional Review Board (IRB-P00032571).

Statistical Analysis
Patient age and disease severity are described with mean (SD)
and all other patient characteristics with frequency (percentage).
Patient characteristics were compared between the T1D and
IBD groups using the standardized difference to assess balance.
To do this, propensity scores (Pi) were obtained from a logistic
regression model using Firth penalized maximum likelihood
estimation to reduce bias in the parameter estimates due to low
prevalence of some predictors. A total of 3 indicator variables
for disease history (1-2, 3-5, or 6 or more years ago; referencing
<1 year ago) and 5 indicator variables for disease severity
(1=mild, 5=most severe; referencing unknown severity) were
included in the model. Inverse probability of treatment weights

(IPTW) were calculated as 1/Pi for the ith observation in the

T1D group, and as 1/(1–Pi) for the ith observation in the IBD
group. Standardized differences were calculated for each patient

characteristic X as , where = mean of patient characteristic
X and SDpooled = standard deviation pooled over the two groups.
Absolute standardized differences <0.25 were deemed negligible
[10]. The overlap of the distributions of estimated propensity
score by disease type (common support) was assessed
graphically (Multimedia Appendix 1).

Respondent characteristics (age, sex, race, ethnicity) as well as
disease severity and time since diagnosis are described with
unweighted summary statistics. Survey questions regarding how
much patients thought about their disease and how much they
discussed their disease were reverse coded so that higher scale
numbers were associated with higher frequency of behavior.
Categories of questionnaire (Likert scale) items are reported as
weighted (IPTW) percentages and summarized by weighted
median and IQR for each disease group. To avoid confusion,
the frequencies corresponding to weighted percentages are not
shown since the weighting resulted in fractional quantities that
were not directly comparable to the observed sample sizes. For
categorical (nonordered) survey questions, comparisons between
disease groups were made with the Rao-Scott chi-square
statistic. For Likert scale items, the nonparametric
Jonckheere-Terpstra test for ordered categories was used to
compare groups; it has greater power for ordered categories
than the Wilcoxon rank-sum test. All comparisons are
unadjusted for other covariates with statistical tests (P values)
based on the propensity score weighted (IPTW) data. All tests
of significance were 2-sided, with P<.05 considered statistically
significant. Analysis was performed with SAS (version 9.4;
SAS Institute).
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Results

A total of 108 patients completed the study questionnaire and
they were evenly split across disease type. Participants consisted
of 59 male patients and 49 female patients, and 11% (12/108)
were Hispanic or Latino. Mean age was 20.3 (SD 2.1) years
(range 18-25), and median self-reported disease severity was 3
(IQR 2-3; range 1-5, from mild to most severe). The majority
of participants (68/108, 63%) were diagnosed more than 5 years
ago. Absolute standardized differences were beyond the
negligible threshold of >0.25 for age (0.35) and disease severity
ratings 1 (mild; 0.57), 2 (0.33), and 3 (0.62). After applying
inverse probability of treatment weights, all patient
characteristics had absolute standardized differences <0.25
(range 0.00-0.12; Table 1), considered negligible.

Overall, patients with IBD and T1D appear to have different
patterns of in-person interactions regarding their diagnoses

(Figure 1). Patients with T1D reported thinking about their
disease and discussing their disease with others more often when
compared to patients with IBD (thinking: median 6, IQR 5-6
vs median 5, IQR 4-5, P<.001; discussing: median 4, IQR 2-5
vs median 3, IQR 1-4, P<.001). Those with T1D were also
quicker (lower score) to share their diagnosis with others than
patients with IBD (median 1, IQR 1-2 vs median 2, IQR 1-4,
P<.001). Compared to patients with IBD, those with T1D were
more likely to discuss their disease with friends (87% vs 69%,
P=.001), their significant other (66% vs 41%, P<.001), and
colleagues (35% vs 12%, P<.001; Figure 1). There was no
correlation between time since diagnosis and how often patients
thought about (P=.86) or discussed their disease with others
(P=.26; Figure 2). Finally, compared to patients with IBD, those
with T1D were more likely to report knowing family/friends
(62% vs 38%, P=.002) or celebrities with their diagnosis (71%
vs 29%, P=.01; data not shown).

Table 1. Patient characteristics (N=108).

Standardized difference

(T1D–IBD)a,b
UnweightedCharacteristics

WeightedUnweightedAbsolute difference
(T1D–IBD)

T1D (n=54)IBD (n=54)All respondents
(N=108)

0.12–0.35–0.7 (2.1)19.9 (1.9)20.6 (2.2)20.3 (2.1)Age (years), mean (SD)

Sex, n (%)

0.08–0.19–5 (8)27 (50)32 (59)59 (55)Male

–0.080.195 (8)27 (50)22 (41)49 (45)Female

0.030.244 (8)8 (15)4 (7)12 (11)Hispanic or Latino, n (%)

0.00–0.05–1 (2)44 (86)45 (88)89 (87)Whitec, n (%)

Disease severityd, n (%)

0.08–0.57–9 (17)1 (2)10 (19)11 (11)1 (mild)

–0.05–0.33–8 (16)11 (21)19 (37)30 (29)2

0.020.6216 (32)31 (61)15 (29)46 (45)3

–0.10–0.12–2 (3)5 (10)7 (13)12 (12)4

0.060.202 (4)3 (6)1 (2)4 (4)5 (most severe)

Years since diagnosed, n (%)

ReferenceReference0 (0)3 (6)3 (6)6 (6)<1

–0.06–0.20–3 (5)3 (6)6 (11)9 (8)1-2

–0.01–0.13–3 (6)11 (20)14 (26)25 (23)3-5

0.060.236 (11)37 (68)31 (57)68 (63)>5

aT1D: type 1 diabetes.
bIBD: inflammatory bowel disease, including Crohn disease (n=38), ulcerative colitis (n=15), and indeterminate colitis (n=1).
cN=6 (3 IBD, 3 T1D) unknown. Non-White races were African American (n=5), Asian (n=4), Cape Verdean (n=1), Haitian American (n=1), Native
American (n=1), and unspecified other (n=1).
dN=5 (2 IBD, 3 T1D) declined to answer. Indicator variables were used to assess balance across the groups.

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e34466 | p.247https://pediatrics.jmir.org/2022/2/e34466
(page number not for citation purposes)

Rajanala et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Comparison of in-person interactions by disease type. Weighted percentage and median (IQR) are shown for "select one response" questions
with 2-group comparison by Jonckheere-Terpstra test, and weighted percentage for "check all that apply" questions compared with 2-group comparison
by Rao-Scott chi-square test. IBD: inflammatory bowel disease; T1D: type 1 diabetes.

Figure 2. Association of time since disease diagnosis by (A) how often you think about your disease and (B) how often you discussed your disease
with others. P value from Rao-Scott chi-square test after combining (1) weekly and rarely categories, and (2) <1 year, 1-2 years, and 3-5 years ago, to
avoid table cells containing zeros.

Almost all patients (99%) reported actively using social media,
and most (84%) spent at least 30 minutes per day on social
media. Instagram was the most common platform (40% of
users), followed by Facebook (38%) and Twitter (25%; Figure
3). There was no difference by disease group for amount of time
spent on social media; however, Facebook users were more
likely to be patients with T1D than IBD (49% vs 26%, P=.03;
Figure 3). Overall, 73% of patients with T1D vs 51% of patients

with IBD (P=.03) reported disease-specific social media usage
on one or more of these platforms (including searching, reading
posts, following other accounts, posting or sharing content)
from time of diagnosis until the time of the survey. The most
frequent activity related to their personal experiences with their
disease (60% posted to at least one platform), ranging from
following “new developments or funny moments” or “profiles
of others” to posting about one’s disease. The least commonly
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reported platformwide uses included drugs or therapeutics and
research or clinical trials (Figure 4).

Overall, disease-specific social media activity differed by
platform. Among Instagram users, patients with T1D were more
likely to engage with support groups (56% vs 22%, P=.04).
Among Twitter users, patients with T1D were more likely to
post/share about disease-related events (80% vs 27%, P=.003)
and for information seeking (77% vs 29%, P=.005). Finally,
among Facebook users, patients with T1D were more likely to

post about research and clinical trials (65% vs 31%, P=.04) and
for information seeking (87% vs 49%, P=.003), while patients
with IBD were more likely to post about fundraising (85% vs
40%, P<.001; Figure 4). In contrast to high usage rates, only
31% of patients had specifically posted or shared content about
their condition across any of these platforms from the time of
diagnosis to enrollment date, with 38% of patients with T1D
posting or sharing compared to 23% patients with IBD (P=.02;
data not shown).

Figure 3. Patient information seeking. Weighted percentage and median (IQR) shown for "select one response" questions with 2-group comparison
by Jonckheere-Terpstra test, and weighted percentage for "check all that apply" questions compared with 2-group comparison by Rao-Scott chi-square
test. IBD: inflammatory bowel disease; T1D: type 1 diabetes.
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Figure 4. Comparison of information seeking by disease type. Reported are the weighted percentages and Rao-Scott chi-square test results. IBD:
inflammatory bowel disease; T1D: type 1 diabetes.

Discussion

Overview
Our study explores the social media practices of young adult
patients with two very different chronic diseases, IBD and T1D.
The use of social media was almost universal, and the time spent
on social media did not differ by diagnosis. Researchers such
as Uhls and Moreno and colleagues [6,11] would argue this is
typical for all adolescents and that social media can enable the
important developmental tasks of connecting with peers and
exploration of identity.

Disclosing or Sharing
We found that patients with T1D were far more likely than those
with IBD (38% vs 23%) to specifically post about their condition
on social media. Patients with T1D discussed their diagnosis
with others more often and sooner after their diagnosis, with a
majority of respondents sharing their diagnosis immediately.
Patients with T1D may be more likely to share or discuss their
diagnosis as it is more visible in the community and mainstream
media, and a feeling of social belonging is important for
adolescents [12]. Those with T1D more frequently reported
knowing both family/friends and celebrities (eg, singer Nick
Jonas) with their disease compared to patients with IBD. In
comparison, it has been shown that public familiarity with IBD
is poor and comprehension of this disease is limited [7]. Patients

with IBD may thus fear that disclosure would not be met with
understanding and acceptance. Studies have found that
adolescents with IBD preferred not to reveal their condition and
cited negative reactions as a major factor [13] and those
experiencing stigma had more health communication difficulties.
There is a wide range of disclosure by patients.

One Italian study that studied patients with 4 conditions,
including IBD and T1D, found that 98% expressed a need to
share their medical condition on social media [14]. However,
another study of patients with connective tissue disorders noted
only 17% revealed their condition on social media [15]. These
studies can be used to put the disclosure rate of young adults
with IBD and T1D in context.

Those with T1D also thought about their disease more often
than patients with IBD, with a majority of participants choosing
“multiple times a day,” whereas patients with IBD most often
reported “daily” or “weekly.” This is understandable given that
patients with diabetes are often on multiple-dose insulin
regimens and must carefully consider their diets and adjust
dosing for changes such as physical activity or illness [16]. On
the other hand, many IBD treatment options are dosed on a
biweekly or monthly basis, though some medications must still
be taken daily [17].
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Information Gathering
Social media is less commonly used for information gathering
than internet sites. Patients with T1D always reported more
information gathering than those patients with IBD, although
the exact percent varied by platform. This discrepancy is echoed
in the literature. One study of the adolescent diabetes population
suggested growing interest in using social media to find
information [18]. In contrast, a study found that youth with IBD
were rarely using social media as an information source [19].
This represents a new avenue for physicians to engage with
their patients in an accessible manner. It is also important to
educate patients to be critical of the accuracy and quality of
health-related information posted on social media, especially
if it is used to inform health or treatment-based decisions.

Community or Connection
Social media can be a powerful tool for creating friendships
and connections, particularly among those with similar
experiences. We found that, overall, 34% of patients with T1D
used social media for support groups compared with 19% of
patients with IBD. It is difficult to directly compare one study
to another in the literature as the platforms included in the term
social media keep shifting. Facebook is one social media
platform that has been popular for support groups, particularly
for those with rare or embarrassing conditions. The use of
private groups on Facebook helps assuage some concerns about
privacy. A large number of patients used Facebook to search
for friends with the same disease or community support groups
to find others who were going through the same thing and could
understand their feelings [14]. These online social connections
might be particularly important for patients with IBD as some
researchers have postulated that the embarrassment of frequent
bathroom trips or diarrhea might lead to perceived stigma and
social withdrawal [12]. One program used Instagram to augment
the social supports for adolescents with T1D to avoid the barriers
of travel and time required to attend in person [20]. Online
diabetes communities have been shown to be important for peer
support as well as problem solving [21].

Another common theme of social media posts for both groups
was humor, especially on Twitter. An analysis of humor in the
chronic care setting showed patient-initiated humor was most
commonly used to deal with negative emotions [22]. Therefore,
including this sentiment in social media posts may be an
important coping strategy for young adults. Overall, despite
low disease-specific posting and sharing rates, young adults in
both groups engage with social media in a variety of ways.
These platforms can still be an important tool for understanding

how young adults feel about and cope with their chronic disease,
and may also represent an avenue for providers to interact with
their patients.

There are some limitations to this study. This is a single-center
study and thus the patient population may not be generalizable.
We sought to decrease selection bias by inviting every eligible
patient in a consecutive manner and offering a
nonconfrontational way to refuse participation, by turning in a
black survey inside the envelope. However, selection bias is
always present. Young adult responses may be affected by
embarrassment or social desirability. The survey instrument
also did not ask specifically about Snapchat or TikTok (though
some participants did mention Snapchat in the written portion
of the survey), which are also popular among this age group.
These platforms typically encourage more spontaneous posting
or usage, and could represent an important contrast to the other
platforms investigated in our study [23,24]. In addition, young
adults may have multiple accounts on a single social media
platform—for instance, auxiliary accounts on Instagram are
colloquially referred to as “finsta,” a portmanteau of “fake” and
“Instagram.” These accounts are often less curated and again
consist of more spontaneous posting and could also be a key
tool for patients to share about or cope with their disease [25].
TikTok has become much more popular even in the time since
the study was conducted, and the absence of this platform does
limit more current assessment of social media use. Lastly, this
study aims to compare social media usage among only two
specific patient populations; therefore, it would be advantageous
for future research to investigate this topic across institutions
and among diverse illnesses.

Conclusion
Overall, this study expands our understanding of social media
use among young adults with chronic disease. To our
knowledge, there is limited understanding of how specific
chronic conditions impact the use of social media. This study
hints at familiarity of disease and stigma around a condition as
factors that affect engagement. The more that is known about
how patients use these various forms of social media, the more
impact providers can have. Patients with IBD seem to
communicate far less about their disease compared to patients
with T1D in almost all realms across various social media
platforms, which has significant implications for education,
sense of community, and self-acceptance. Future research is
needed for deeper explorations of even more media platforms
and a wide array of chronic conditions.
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Abstract

Background: Digital technology and social media use are common among young people in Australia and worldwide. Research
suggests that young people have both positive and negative experiences online, but we know little about the experiences of Muslim
communities.

Objective: This study aims to explore the positive and negative experiences of digital technology and social media use among
young people and parents from Muslim backgrounds in Melbourne, Victoria, Australia.

Methods: This study involved a partnership between researchers and a not-for-profit organization that work with culturally and
linguistically diverse communities. We adopted a participatory and qualitative approach and designed the research in consultation
with young people from Muslim backgrounds. Data were collected through in-person and online focus groups with 33 young
people aged 16-22 years and 15 parents aged 40-57 years. Data were thematically analyzed.

Results: We generated 3 themes: (1) maintaining local and global connections, (2) a paradoxical space: identity, belonging and
discrimination, and (3) the digital divide between young Muslims and parents. Results highlighted that social media was an
important extension of social and cultural connections, particularly during COVID-19, when people were unable to connect
through school or places of worship. Young participants perceived social media as a space where they could establish their identity
and feel a sense of belonging. However, participants were also at risk of being exposed to discrimination and unrealistic standards
of beauty and success. Although parents and young people shared some similar concerns, there was a large digital divide in online
experiences. Both groups implemented strategies to reduce social media use, with young people believing that having short
technology-free breaks during prayer and quality family time was beneficial for their mental well-being.

Conclusions: Programs that address technology-related harms must acknowledge the benefits of social media for young Muslims
across identity, belonging, representation, and social connection. Further research is required to understand how parents and
young people can create environments that foster technology-free breaks to support mental well-being.

(JMIR Pediatr Parent 2022;5(2):e36858)   doi:10.2196/36858
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Introduction

Digital technology and social media have changed how people
interact and build social connections [1]. Social media sites,
such as Instagram, Facebook, SnapChat, YouTube, and TikTok,
have become increasingly popular and enable young people to
relax, seek information, and construct and maintain their social
networks [2,3]. Since the COVID-19 pandemic, social media
use among young people has increased, particularly during
lockdown periods, when socializing outside of the home was
heavily restricted [4,5]. Although routine social media use has
been associated with higher levels of social well-being and
positive mental health [6], emotional connection to social media,
excessive use, and passive browsing have been associated with
decreased social well-being and poorer mental health outcomes
[7-9]. However, these findings are heterogenous, and few studies
have adopted longitudinal designs; thus, it is unclear whether
social media has negative effects on well-being [10,11].
Although these quantitative data are important, they do not
provide insight into the experiences that young people have
online.

Qualitative research has explored young people’s use of digital
technology and social media to access news, develop
relationships, and form their identity [12-15]. Parents have also
documented their concerns about their children spending time
online, fearing they will be exposed to online bullying, isolation
from the outside world, and negative mental health outcomes
[16,17]. However, few studies have focused on the online
experiences of young people and parents from cultural and
ethnic minority groups. Minority populations have experienced
racism and discrimination online, including Islamophobic hate
speech, targeted bullying, and threats of offline violence for
people from Muslim backgrounds [18-20]. Importantly, young
people from cultural and ethnic minority groups also use social
media to access social support and connect with family who
live overseas [21,22]. Young people from Muslim backgrounds
have also described how online environments promote agency,
social connection, inclusion, and expression of identity and
religion [23-27]. Few qualitative studies have recruited both
young people and parents from cultural and ethnic minority
groups; thus, further research is required to better understand
their experiences on social media, particularly during the
COVID-19 pandemic.

In Australia, the 2016 census reported that 3% of the population
identified as Muslim [28]. Approximately 37% of this group
were born in Australia and 63% were born overseas across
countries in North Africa, the Middle East, and South and
Central Asia [29]. In 2019, Green Crescent Australia, a
not-for-profit organization that works closely with Muslim
community members in Melbourne, Victoria, Australia,
approached researchers and indicated that community members
had expressed concern about technology dependence among
young people. These concerns were predominantly from parents
and older community members; however, it was unclear whether
concerns reflected the experiences of young people from Muslim
backgrounds. To develop recommendations, programs, and
policies that are relevant for families, it is essential to listen to
both young people and parents from Muslim backgrounds and

promote their voices and experiences [30,31]. In this exploratory
study, we aim to understand the positive and negative
experiences of digital technology and social media use from
the perspective of young people and parents from Muslim
backgrounds.

Methods

Partnership
This exploratory study involved a partnership between Green
Crescent Australia, the Burnet Institute, and La Trobe
University. Green Crescent Australia is a not-for-profit
organization that provides culturally intelligent education and
awareness programs for substance and behavioral dependencies
in culturally and linguistically diverse communities. The Burnet
Institute is a not-for-profit medical research organization with
experience in exploring social media use of young people. La
Trobe University has research programs exploring diverse public
health issues. Each partner brought unique skillsets to the study,
including community connections, cultural knowledge, and
youth-friendly research skills.

Study Design and Development
Green Crescent Australia approached the researchers to develop
a study exploring technology dependence among young Muslims
based on concerns from parents that arose during regular
community meetings. We developed the study design and
research questions through face-to-face and phone meetings
between the study partners. Based on the researchers’experience
of conducting studies with young people and reading
background literature, we suggested exploring both negative
and positive experiences of social and digital media from the
perspective of young people and parents from Muslim
backgrounds. Overall, we adopted a participatory and qualitative
approach that was appropriate for the study aim of understanding
participant experiences with social media. The research team
held 2 sessions with Green Crescent Australia representatives
(4 adults and 10 young people) to present ideas, pilot-test
activities, and obtain feedback on the study design. Overall, the
representatives believed their peers would be comfortable
discussing digital technology and social media in small groups
with people of similar age and gender, thus leading to the use
of focus groups. Focus groups were deemed appropriate because
interactions between participants can provide further insight
into their experiences with social media [32]. Both adult and
youth volunteers suggested to make the focus groups culturally
appropriate by including halal food options, dressing
appropriately, building in time for prayer breaks, and holding
the focus groups at venues familiar to participants (eg, mosques,
schools).

Ethics Approval
The La Trobe University Human Research Ethics Committee
approved the study (#HED 19458).

Participants and Recruitment
Young people were eligible to participate in the study if they
were aged between 16 and 22 years and identified as Muslim.
This age range was selected to account for the researchers’ past
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experiences where wide age gaps between participants limited
the ability of younger participants to contribute to the discussion.
Parents were eligible if they identified as Muslim and had
children aged 13-22 years; this age range was chosen as we
anticipated some shared concerns from parents of teenagers and
young adults. Parents did not have to be related to a young
person in the study to be eligible. Because the Green Crescent
Australia representatives were part of the Muslim community,
they assisted in participant recruitment. We used purposive
sampling to ensure that we recruited participants who
represented different genders, age groups, and ethnicities and
were able to provide relevant information about the topic.
Determining our sample size was a pragmatic exercise [33]; we
aimed to recruit between 40 and 50 participants based on the
study time frame and budget and to collect data from a diverse
sample. Green Crescent Australia representatives contacted
Muslim youth organizations, Islamic schools, and their social
networks to describe the study’s purpose. Those who were
interested were sent a copy of the participant information sheet
and consent form prior to the focus group.

Data Collection
We held 7 focus groups of 90 minutes each between November
2019 and September 2020, including 4 with only young people,
2 with only parents, and 1 with both young people and parents.
The first 4 focus groups were in person at local mosques and
community-based venues in the cities of Melbourne and Hume.
Most participants who attended the focus groups knew one
another beforehand. During data collection, Melbourne went
into 112 days of COVID-19 lockdown; thus, we submitted an
ethics amendment so that the 3 remaining focus groups could
occur online through the videoconferencing platform Zoom
[34]. Researchers facilitated the focus groups in English, with
support from a Green Crescent Australia representative who
could speak Arabic. A female researcher facilitated the female
focus groups, and 2 male researchers facilitated the male focus
groups. One exception was 1 male participant who attended a
predominantly female focus group with a relative and friends.
Prior to the focus group starting, the researchers verbally
explained the study and provided an opportunity for questions.
Participants were invited to provide written informed consent
for in-person focus groups and verbal consent for online focus
groups.

The focus groups began with an icebreaker activity, where
participants and facilitators shared the meaning of their name.
We asked young people and parents to list how they or their
children used digital technology throughout the day (eg, what
devices, programs, websites, social media sites, and apps). This
activity generated discussion between participants and was
followed up with the prompt “What are the positive and negative
impacts of digital technology or social media on your or your
children’s lives?” After the first 2 focus groups, the researcher
adapted the focus group guide to include additional prompts
about strategies to reduce technology use, as participants brought
this up of their own accord in the first 2 focus groups. When
focus groups were in person, participants recorded their
responses on sticky notes and added them on to a whiteboard
compared to Zoom focus groups where we used an interactive
online whiteboard. Written responses were used to generate

discussion, and participants could elaborate on their answers.
Upon completion, participants received AU $40 (US $28.44)
in cash or were sent an AU $40 (US $28.44) voucher if they
attended online focus groups.

Data Analysis
Focus groups were audio-recorded and transcribed verbatim.
Personal identifying information was removed from the
transcripts. We coded and analyzed the data thematically using
a descriptive approach [35]. This process involved reading the
transcripts multiple times and reviewing the written and
electronic material produced by the participants. Transcripts
were coded in NVivo (QSR International) [36]. We adopted an
inductive approach to coding and generated ideas from the raw
data rather than using a codebook. Coding focused on
understanding the meanings and experiences that participants
ascribed to digital technology and social media. We also noted
where there were key differences between participant groups
(eg, gender, parents/young people, before or during COVID-19).
In total, 6 preliminary themes were summarized and presented
verbally to coauthors for feedback. Discussions indicated that
although preliminary themes were relevant to the research
question, there was some overlap between ideas. Consequently,
the first author placed all codes into a mind map, reviewed the
transcripts, and rearranged the data into 3 key themes. Coauthors
provided additional feedback on the content included in each
theme.

Researcher Positionality
In this study, the research team consisted of 2 Muslim and 4
non-Muslim researchers. The Green Crescent Australia
representatives involved in study development, participant
recruitment, and data collection and interpretation also identified
as Muslim. Data analysis was led by a non-Muslim researcher;
thus, obtaining feedback from the broader research team was
essential to ensure we considered religious and cultural factors
that may have been missed. In addition, 2 researchers were
under 30 years old, 2 were parents, and all used social media;
thus, each individual brought a unique perspective to data
interpretation.

Results

Participants
Overall, we conducted 7 focus groups with 48 participants,
including 33 (69%) young people and 15 (31%) parents. Most
of the young participants were female (n=25, 76%) and born in
Australia (n=28, 85%), whereas most of the parent participants
were male (n=10, 67%) and born overseas (n=9, 60%).
Participants identified with a range of ethnicities, including
Turkish, Australian, Somali, Albanian, Ethiopian, Bosnian,
Lebanese, Palestinian, Pakistani, African, Yemeni, South Asian,
Eritrean, Egyptian, and Jordanian. From these focus groups, we
generated 3 key themes to showcase the positive and negative
impacts of digital technology and social media from the
perspective of young Muslims and parents: maintaining global
and local connections, a paradoxical space: identity, belonging
and discrimination, and the digital divide between young
Muslims and parents.
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Maintaining Global and Local Connections
Theme 1 highlighted how participants perceived online
technology as an important environment for social connection
both before and during the COVID-19 pandemic. Participants
described how social media acted as a space for developing and
maintaining social connections in Australia and across national
boundaries. Young people described how their online
interactions were typically extensions of their friendships from
real life; they could spend most of the day with their peers at
school or university and then continue interacting online to
strengthen their relationships. For both young Muslims and
parents, social media and group messaging platforms were seen
as practical tools that enabled them to overcome distance and
connect with their friends and family who lived overseas.

Now we can instantly message someone. You used to
have to send a letter to someone on the other side of
the world. You save a lot of time, you know? [Young
male, online focus group]

Having access to a phone and being constantly contactable by
friends and family increased social security for young male and
female participants. Although this was not apparent in the parent
focus groups, researchers noted that almost all participants
checked their phones at least once during the in-person focus
groups. Young participants also described being frequently
called and messaged by their parents and other family members
to ensure they knew their whereabouts. Young participants
rarely left home without their phones, expressing an anxiety
that they may miss key events or updates in their friendship
groups, demonstrating that access to technology is tied to social
connection. When asked how they felt when they did not have
their phone, a common response was:

Definitely separated, like, left out, you know?
Disconnected in a sense. [Young male, online focus
group]

Among female participants, always carrying a phone and being
able to contact people they trusted represented an increased
sense of safety. For example, some female participants felt that
carrying their phone was responsible and a mechanism for
protecting themselves. This topic did not come up during male
focus group discussions.

My phone…if I press the trigger lots of times, it sends
an SOS. So, it will send my location to specific people
that I want to send it through. So, I have it on for my
cousins and my close friends. [Young female,
in-person focus group 1]

Online focus groups held during the Melbourne lockdown period
drew attention to the isolation that people experienced. Although
participants used social media to connect with friends and family
who were outside of their households, both young people and
parents felt disconnected during the lockdown that coincided
with Eid, a significant religious festival where Muslim
community members typically gather for prayer and share food,
gifts, and donations. One parent described Islam as a “social
religion”; therefore, being unable to connect in person at places
of worship was highly difficult. Young people also expressed

missing their routine, in-person social connections that would
typically occur through school, work, or university.

For the past 6 months have not being able to go to
the mosque. We can’t go. If you go to the mosque,
you see people, you say hello, you find out who is
suffering, who has problems, you attempt to resolve
them. We help each other out as a community.
Technology has not reached that point yet. [Father,
online focus group 7]

Overall, prior to the pandemic, it was essential for young people
to physically have their phones to feel a sense of social security
and physical safety, particularly among young females. After
COVID-19 caused long periods of lockdown and physical
distancing, having access to technology and social media became
essential for both young people and parents to socially connect
with the outside world; however, some parents felt that
technology was insufficient to generate the sense of community
they felt when they attended mosque.

A Paradoxical Space: Identity, Belonging, and
Discrimination
Theme 2 captured how online environments were paradoxical
spaces where young Muslims could establish their identity and
belonging while also being exposed to discrimination. Young
female participants described how online spaces, such as
Instagram and TikTok, allowed them to curate communities
where they felt comfortable and safe. Young male participants
did not discuss comfort and safety; however, they appreciated
being able to express their opinions and follow people they
admired online. Parents, particularly mothers, also recognized
that using social media was considered “normal” for young
people and a tool for “fitting in.” When female participants
followed accounts that they considered positive, they felt a sense
of creativity, inspiration and belonging.

I feel like it curates, like you have your own little
community. Like, um, with my social media, most of
my followers, they're all, like, Muslim, so I feel like I
know all of them and I feel comfortable with them, so
it's having that support from them. [Young female,
online focus group 6]

I definitely do try and follow more pages of people
that look like me and have the same interests as me.
I follow pages that are, like, pro-African, pro-Black,
like, pro-Islam, [because] that's [the] kind of the thing
that we don't get to see anywhere else. [Young female,
focus group 4]

Young people also felt that social media enabled them to see
their culture, religion, and minority groups represented. Multiple
participants felt this representation and diversity was lacking
in mainstream media, which was perceived as biased and
one-dimensional. Although mainstream media was seen as an
exclusive environment that promoted the agendas of powerful
and privileged groups, social media was seen as more inclusive
for minority groups. Female participants in the online focus
group were particularly passionate about this topic, which
coincided with global news about the murder of George Floyd
and widespread advocacy on social media.
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Often with regular news, you’ll only get a single
perspective. With the internet and talking to other
people, you get a different understanding or a
different point of view rather than what has just been
given to you. [Young male, online focus group 5]

We were stuck in lockdown during Eid. On social
media, you can see, like, everyone…like posting about
it. Even, like, when the Black Lives Matter everything
happening, you see videos and photos from, like,
people that went to protests, people advocating for
Black Lives Matter, and as a Black person, you know
you feel like you've got support, you've got
representation. [Young female, online focus group
6]

Despite positive experiences, both young people and parents
recognized that digital technology has the potential to perpetuate
discrimination, exclusion, and unrealistic standards around
beauty and success. Parent participants had concerns about
online bullying among young people, with mothers expressing
fears about the nonconsensual sharing of sexually explicit
images. A small number of young female participants echoed
these concerns; however, most of the discussion centered on
receiving negative comments on social media profiles. Other
young people had seen more “passive” acts of discrimination,
such as friends sharing, liking, or commenting on racist or
Islamophobic posts or videos. Young participants believed the
anonymity of the internet allows people to be discriminatory
without consequences.

You can stay somewhat anonymous. With certain
individuals, they go around spewing hate…They can
speak in the world how they want, and they can get
away with certain things. Things that they would not
get away with in real life. [Young male, online focus
group 5]

Although social media could be a positive space, most young
people compared their lives to the ideals portrayed online by
celebrities and influencers. Female participants were frequently
exposed to unrealistic beauty standards, which created self-doubt
about their own appearance. Young female participants also
expressed concern for future generations of young Muslim
women who were exposed to social media earlier in life; they
recognized that although they could curate their own online
spaces, there was still limited beauty coverage inclusive of
Muslim women and hijabs.

Little girls that are growing up now, they’re having
these, like, expectations to dress in a certain way.
Even with social media sometimes, there’s not a lot
of coverage on females that wear scarves, and if a
young child sees that, they just don’t feel like they
have a place in society. [Young female, online focus
group 6]

I think it’s creating a lot of anxiety, too. My daughter
recently went off TikTok because she said, “Everyone
on there is so beautiful. They make me feel ugly.”
Well, I said, you know, that’s probably a good time
to get off it. [Father, in-person focus group 3]

Although parents believed these online pressures were worse
for young females, the young male participants also described
seeing unrealistic standards of success that made them question
their own goals and achievements. Although young male
participants recognized that social media showed only the best
parts of people’s lives, they still questioned their self-worth.

I think going off that also the fact that people hold
certain ideal standards. For social media, for
example, someone will only post the really great
moments or those really perfect pictures. And they’re
setting a standard that in reality is not achievable.
[Young male, online focus group 5]

Seeing people that are successful and all that on
social media all the time, it kind of affects you because
you think that you need to be there right now. You sit
down and compare your life to other people's
lives…they don't show their real lives…they're just
showing the highlights, the best parts. [Young male,
in-person focus group 4]

These experiences highlight how digital technology can boost
the identity and belonging of young Muslims while still being
a risk environment for discrimination, self-doubt, and negative
self-esteem. Importantly, being able to curate personal online
spaces increased the representation of minority groups, which
was perceived as lacking on other mainstream channels.

The Digital Divide Between Young Muslims and
Parents
Theme 3 outlined the distinctions between how young Muslims
and parents defined legitimate and productive forms of
technology use and appropriate strategies for reducing time
spent online. Importantly, young participants focused on social
media sites being mostly positive environments where negative
events could occur. In contrast, parents focused on social media
sites as negative and potentially dangerous spaces where positive
connection was possible. Young people and parents recognized
that their generations had been introduced to technology at
different life stages, thus creating a major divide in their
experiences. Parents perceived that spending time online robbed
young people of the opportunity to exist in the “real world” that
they had grown up in when they were children/adolescents.
They discussed how young people were unaware of their
prolonged use and could not see the negative impact it was
having on their lives.

When we were young, we were always outside. Every
day. We come home from school, always outside.
Now, you look on the street and there is no one
outside. My kids, I’ve got 2 younger boys, they’re
always on YouTube watching other people play. I’m,
like, go and do it yourself! [Father, in-person focus
group 3]

In these teen years, I feel that they're missing out on,
like, actually life, like doing things, seeing things, and
they have no interests, like, my kids, like, even holiday
destinations…it's like, “Oh, but don't you wanna see
this and this,” “'Nup, like, just Google it,” you know.
[Mother, in-person focus group 2]
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In contrast, young people were cognizant of the large amounts
of time that they spent online and the potentially negative
outcomes. They perceived that increased screen time was a
consequence of technology being embedded in their social,
school, and work lives rather than a conscious choice. When
technology was used for a clear purpose, such as learning,
consuming news, exploring interests, expressing oneself,
working, relaxing, or communicating, young people felt that
this use was legitimate and acceptable. Although parents
believed that online learning, exploring interests, and consuming
news were productive forms of technology use for young people,
they could not personally relate to social media being a place
for identity and belonging.

When I was in high school, I was really depressed,
and I had Tumblr. And for me, that was my way of,
like, you share posts and quotes. And I remember my
parents were, like, to me, “You can’t use Tumblr
anymore.” And, I was so upset, I was, like, you don’t
understand how I express myself. [Young female,
in-person focus group 1]

For both young people and parents, certain activities were
associated with time wasting and productivity guilt. For young
people, these activities included scrolling through apps, such
as Instagram, without realizing how much time was passing;
watching short videos on TikTok and YouTube for hours;
constantly checking social media for no specific reason; and
using their phones when they needed to concentrate on a
different task. A minority of parents also described how they
personally used social media in these nonproductive ways;
however, this was perceived as far more common among their
children.

I was getting really agitated when I couldn’t check
it. I reckon everyone here does it. I’d go into
Instagram…no updates. I’d go into Snapchat…no
updates, and then by the time I’ve gone to Snapchat,
I’ll be back on Instagram. And I’ll be, like, Oh, I just
got out of it. So, I was going constantly back and
forth. [Young female, in-person focus group 1]

There's so many different platforms to keep them
entertained, and then having said that, I know myself,
I'm on Insta so much, the time I waste on that I could
be doing a lot! [Mother, focus group 2]

Both young people and parents agreed that reducing technology
use was extremely difficult. Parents felt a sense of responsibility
to protect their children from online harms and spending
excessive amounts of time online. Often, their attempts to reduce
technology use were punitive, for example, confiscating phones
as punishment or turning off the Wi-Fi to enforce family time.
Some parents felt compelled to monitor what their children were
doing online by checking their personal profiles to see who they
followed and what they shared. Some parents adopted a more
hands-off approach, where they allowed their children to have
freedom online but ensured they had regular conversations about
what they were doing and the potential risks. Despite these
attempts, parents recognized that their efforts were hindered
because their children had greater digital literacy and could
easily hide their history. At the end of the focus groups, parents

commented how they had learned about new social media
platforms from the other parents who attended the session and
reflected on how they generally relied on their children to
educate them about digital technology.

You keep tabs on them so much more like you've gotta
be involved in their life and what's actually going on.
[Mother, in-person focus group 2]

I know, but, you know that, they're so, they'll only let
you see what they want you to see. [Mother, in-person
focus group 2]

But, you know, my kids are on a lot of that social
media stuff, and it makes me crazy. Every 2 seconds,
you know? I’ll be sitting there talking to them, and
there will be a beep, and they’ll grab their phone.
Give me that bloody phone! If you take it off them,
they become normal human beings. [Father, in-person
focus group 3]

For young people being told to “get off their phones” was
unrealistic because their school, work, and social lives depended
on their online presence. Although some young people had tried
to cut back their screen time by turning off notifications, deleting
apps, and setting time limits, these efforts were largely
unsuccessful. However, there were certain times when young
people were motivated to have short technology breaks,
generally when they had a goal or activity that required them
to focus or be present. For example, young people described
having technology breaks when they were praying, spending
quality time with close friends, or having meals with their
families. During this technology-free time, young people would
generally create physical distance from their phone so they did
not feel obliged to check it. For young people, it was important
that they were doing something enjoyable in a safe space when
they did not have their phones, otherwise the separation led to
anxiety.

If I’m praying…I realize that if my phone is in the
room while I’m praying, as soon as I hear it ringing,
I want to look at my phone. I make the effort to take
time while I’m praying…whereas if it’s not there, I’m,
like, I’ll stay an extra few minutes, do extra, take some
more time. [Young female, in-person focus group 1]

Although both young Muslim and parent participants reported
using digital technology and social media, their perceptions of
productive use differed. Participants recognized the difficulties
of reducing screen time; however, capitalizing on the desire for
technology-free breaks during prayer and family time warrants
further investigation.

Discussion

Principal Findings
Our study highlights how digital technology and social media
are ingrained into the routines and social worlds of young people
and parents from Muslim backgrounds. Our results demonstrate
that parents and young participants share some similar concerns
about digital technology and social media; however, they have
different online experiences, particularly around identity and
belonging. Young people and parents considered digital
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technology and social media use as acceptable when they were
used for a specific purpose. However, activities considered
mindless, such as scrolling and constantly checking notifications,
were associated with productivity guilt. Not surprisingly, young
people felt their social media use increased during the
COVID-19 lockdown period and valued having technology-free
breaks while praying or spending quality time with family.

Participants acknowledged that technology has a myriad of
benefits, including connecting with friends and family,
facilitating online work and study, and providing spaces for
identity and belonging. Social media allows young Muslims to
explore their interests, express themselves, and create virtual
social worlds where they feel safe and included [25].
Non-Muslim young people and parents have reported similar
benefits of connection, participating in work and study and
identity formation [37,38]. Our participants also described social
media as more diverse than mainstream media; however, they
hoped to see more positive representation of Muslim
communities in the future. On a practical level, young people
from Muslim backgrounds should be supported to participate
in online environments where they feel connected, represented,
and comfortable to explore their identity.

Importantly, our study also found that young people and parents
have experienced and observed harms from digital technology
and social media, including exposure to discrimination.
Islamophobic hate speech on social media is a major concern
and creates fear and exclusion among Muslim communities
[20]. Social media platforms have a responsibility to identify
and remove hate speech from their platforms; however,
perpetrators rarely face consequences [39]. Our study showed
that young Muslims are exposed to unrealistic standards on
social media and often compare themselves to others,
contributing to self-doubt and negative self-esteem. Building
young people’s social media literacy to analyze and evaluate
online content may protect against some of these harms;
however, further research is needed [40].

Our study suggests there is a large divide in parents’ and young
people’s online experiences. Parents believe that their children’s
preference for technology-based leisure is inferior to the leisure
activities they valued during their childhood and adolescence.
These results are similar to studies with non-Muslim young
people and parents that have reported that intergenerational
differences in technology use can create family tension [1,37].
Some parents attempted to monitor their children’s use;
however, their limited digital literacy made it difficult. Similarly,
an online survey reported over a quarter of parents felt they
lacked the computer skills to protect their children from
technology-based harms [2]. Parents may benefit from digital
literacy training so that they can support their children to
participate in online environments while also mitigating potential
harms [41]. Although most participants had implemented various
strategies to reduce young people’s screen time, efforts had
largely been ineffective. This finding reflects the broader
literature that suggests that reducing recreational screen time
among adolescents is difficult; results from a cluster-randomized
controlled trial indicated that a 6-month intervention with
reminder messages and education targeting both young people
and parents had no significant impact on screen time [42].

Although reducing screen time was difficult, our participants
valued having short technology breaks when they had a goal or
activity where they wanted to feel present. Key activities that
facilitated these breaks included prayer times and activities
shared with family and friends where they felt safe and positive.
In the Muslim community, prayer occurs 5 times per day and
is considered a pillar of Islam; thus, integrating technology
breaks around times of worship may be feasible. Further
research is needed to determine whether reducing time spent
on social media has a positive effect on mental health and
well-being [43,44].

Since COVID-19, participants reported an increase in digital
technology and social media use. This finding is similar to
results from a survey with mostly non-Muslim young people,
with 74% reporting that their social media use had increased
during the pandemic and that it was the main way they stayed
connected [45]. In our study, participants reflected that digital
technology became the only place to work, study, and socialize
during the lockdown. This shared experience meant that parents
became more understanding of the time that young people spent
online. Although young people acknowledged that social media
enabled them to stay in touch with their friends, they missed
human interaction. Parents also missed their routine social
connections, as they were no longer able to attend the mosque
during the lockdown. Qualitative research in the United
Kingdom highlighted that although mosque closures were an
important public health measure to reduce the spread of
COVID-19, many Muslim community members lost their usual
channels of communication [46]. Social media is an important
extension of social connection; however, this medium does not
replace the need for face-to-face interactions that occur in
structured environments, such as school and places of worship.
Further research on how faith groups can be supported to
maintain a sense of community during COVID-19 lockdowns
is warranted.

Strengths and Limitations
This study had some limitations. Participants were recruited
through the networks of the researchers and Green Crescent
Australia and were often connected with mosques, Islamic
schools, or youth groups. Most of the participants knew each
other; thus, it is unlikely that we reached young people and
parents who were socially isolated and those who did not attend
the mosque. Most of the young participants were born in
Australia and identified as female. In contrast, most of the parent
participants were male; this likely occurred because we
conducted a focus group with fathers on Zoom during the
COVID-19 lockdown in Melbourne, which may have been more
convenient to attend than the mothers’ focus group, which
occurred in person prepandemic.

Our ability to adapt the mode of data collection was a strength
of our research and enabled us to explore social media use
among young Muslims and parents in a COVID-19-safe way.
Although we anticipated it would be difficult to run online focus
groups after participants had likely spent extended periods
online, participants appeared to enjoy discussing and reflecting
on their experiences. Additionally, a community organization
drove this research, enabling us to establish strong links with

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e36858 | p.260https://pediatrics.jmir.org/2022/2/e36858
(page number not for citation purposes)

Douglass et alJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the Muslim community, incorporate feedback, and increase the
study’s cultural appropriateness by holding focus groups at local
mosques, providing halal food, having prayer breaks, and being
mindful of the gender of participants and facilitators. We were
also able to communicate the findings with Green Crescent
Australia to share with their community.

Conclusion
This study provided insight into digital technology and social
media use from the perspective of young people and parents
from Muslim backgrounds. Programs that aim to address

technology-related harms must acknowledge the benefits of
digital technology and social media for young people for their
identity, belonging, representation, and social connection,
particularly during the COVID-19 pandemic. Young people
and parents should be supported in developing digital literacy
skills to enable participation in online environments, while
mitigating potential harms. Further research is required to
understand how parents and young people can create
environments that foster technology-free breaks and the effect
on mental well-being.
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Abstract

In an increasingly connected world and in the midst of a global pandemic, digital trials offer numerous advantages over traditional
trials that rely on physical study sites. Digital trials have the potential to improve access to research and clinical treatments for
the most vulnerable and minoritized, including pregnant and postpartum individuals. However, digital trials are underutilized in
maternal and child health research, and there is limited evidence to inform the design and conduct of digital trials. Our research
collaborative, consisting of 5 research teams in the U.S. and Australia, aimed to address this gap. We collaborated to share lessons
learned from our experiences recruiting and retaining pregnant and postpartum individuals in digital trials of social and behavioral
interventions. We first discuss the promise of digital trials in improving participation in research during the perinatal period, as
well as the unique challenges they pose. Second, we present lessons learned from 12 completed and ongoing digital trials that
have used platforms such as Ovia, Facebook, and Instagram for recruitment. Our trials evaluated interventions for breastfeeding,
prenatal and postpartum depression, insomnia, decision making, and chronic pain. We focus on challenges and lessons learned
in 3 key areas: (1) rapid recruitment of large samples with a diversity of minoritized identities, (2) retention of study participants
in longitudinal studies, and (3) prevention of fraudulent enrollment. We offer concrete strategies that we pilot-tested to address
these challenges. Strategies presented in this commentary can be incorporated, as well as formally evaluated, in future studies.

(JMIR Pediatr Parent 2022;5(2):e35320)   doi:10.2196/35320
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digital trials; maternal and child health; pregnant and postpartum individuals; fraudulent enrollment; retention and recruitment;
pediatrics; parenting; pregnant women; COVID-19; pandemic; postpartum; digital health
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Introduction

Background
Although they have numerous benefits, digital trials are
underutilized in maternal and child health research. Digital
trials, sometimes referred to as internet, virtual, siteless, or
decentralized trials, leverage technology to engage participants
outside of physical sites, from recruitment through outcome
assessment. Although digital trials first appeared in 2002, the
COVID-19 pandemic and the need to protect research
participants from exposure further spurred their growth. At
present, digital trials are increasingly being used for clinical
research, including drug trials and trials of social and behavioral
interventions [1,2].

Although trials that are fully digital or incorporate digital
elements can overcome some of the key limitations of traditional
trials that rely on physical study sites, they also pose unique
challenges for researchers and participants. Common concerns
about digital trials include high attrition rates and the inability
to reach research subjects with low digital literacy. Further,
although methods have been developed for digital trials of drugs
and devices [3], there is far less evidence to inform the design

and conduct of digital trials of social and behavioral
interventions among pregnant and postpartum individuals.

To address this evidence gap, a group of 5 research teams in
the U.S. and Australia collaborated to share lessons learned
conducting innovative digital trials with pregnant and
postpartum individuals. Across our research collaborative, we
recruited participants using multiple digital platforms, including
platforms used by the general public (eg, Facebook, Instagram,
Twitter) and those specifically targeting individuals in the
perinatal period (eg, Ovia, BabyCenter). We conducted fully
digital trials without any human interaction, as well as digital
trials with some in-person or face-to-face synchronous
interaction (eg, video visit to complete informed consent). In
this commentary, we present lessons learned from 12 different
completed and ongoing digital trials (Table 1) that evaluated
interventions for breastfeeding, prenatal and postpartum
depression, insomnia, decision making, and chronic pain. We
focus on challenges and lessons learned in 3 key areas: (1) rapid
recruitment of large samples with a diversity of minoritized
identities, (2) retention of study participants in longitudinal
studies, and (3) prevention of fraudulent enrollment. We offer
concrete strategies in each of these areas through which we
experimented. These strategies can be incorporated into as well
as formally evaluated in future studies.
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Table 1. Description of studies in the research collaborative.

Reten-
tion, %

Digital/social me-
dia platform used
for recruitment

Length of follow-
up for longitudi-
nal studies

Study topicOngoing studies:
recruited and mi-
noritized demo-
graphics as of
January 1, 2022,
n (%)

Completed stud-
ies: minoritized
demographics, %

Sample
size, n

Study sta-
tus as of
Septem-
ber 2021

Name of study,
principal investi-
gator(s)

N/AOviaN/ASurvey of preg-
nant adult wom-

Total: 280

Black: 27 (9.69);
Asian/Pacific Is-

N/AaGoal of
300

OngoingPrevention of
Perinatal De-
pression, Dr
Felder

en at risk for
depression to
evaluate the ex-

lander: 26 (9.34);
multiracial: 14

tent to which(4.84); other: 2
they are identi-(0.69); Lat-
fied and re-inx/Hispanic: 35

(12.46) ferred for pre-
ventive interven-
tion

89Facebook, flyers,
Research Match,

Enrolled up to 28
weeks gestation,

Evaluation of

digital CBTc for

N/ABlack, Asian/Pa-
cific Islander,
multiracial, other:

208Complet-
ed

RESTb study,
Dr Felder

word of mouth,followed until 6insomnia
University ofmonths postpar-

tum
33.75; Latinx/His-
panic: 7.25; low
income (<US

among pregnant
women California San

Francisco
$10,000/year):
32.2

(UCSF) electron-
ic health record
messages and pa-
tient letters

To be de-
cided
(TBD)

Ovia, Facebook,
Parent Infant Re-
search Institute
Website

Mothers and chil-
dren followed up
to 24 months
postbirth, addi-
tional follow-ups

Evaluation of
an antenatal de-
pression treat-
ment (CBT) on
child neurode-
velopment.

Total: 63

Australia: 42
(66.67); New
Zealand & Ocea-
nia: 4 (6.35); Eu-
rope: 7 (11.11);

N/AGoal of
230

OngoingBeating the
Blues before
Birth, Drs Mil-
grom, Sk-
outeris, Galbal-
ly, East, and
Glover (Aus-
tralia)

conducted at 10-
week postrandom-
ization, 3 months
and 12 months
postbirth

Africa: 2 (3.17);
Asia: 2 (9.52);
North America: 2
(3.17)

72Ovia, university
email list (Univer-

Participants re-
cruited at 20-28

Evaluation of
digital interven-

N/ABlack: 3.33; mul-
tiracial: 8.57;

210Complet-
ed

Sunnyside, Drs
Duffecy and
O’Hara sity of Illinois

Chicago (UIC)
weeks pregnant,
remained in the

tion to prevent
postpartum de-
pression

Asian: 2.86; Na-
tive Hawaiian/Pa-
cific Islander:
0.95; Hispan-
ic/Latinx: 11.90

and U of Iowa),
Research Match

trial until 12
weeks postpar-
tum

73OviaParticipants re-
cruited at 20-28

Evaluation of
digital interven-

N/ABlack: 100; Lat-
inx/Hispanic: 0.5;

22Complet-
ed

Sunnyside+,
Drs Duffecy
and Pezley weeks pregnant,

remained in the
tion to prevent
postpartum de-

low income (<US
$51,000/year):
54.5 trial until 12

weeks postpar-
tum

pression and
improve breast
feeding out-
comes in Black
women

TBDOvia, UIC clinic
recruitment

6 weeks6-week digital
intervention to
prevent postpar-
tum depression

Total: 48

Black: 3 (6.4);
Asian: 2 (4.1);
Native American:

N/AGoal of
90

OngoingSunnyside for
prevention and
treatment, Drs
Duffecy and
Maki 2 (4.1); White: 36

(75); Latinx/His-
panic: 5 (10.4)
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Reten-
tion, %

Digital/social me-
dia platform used
for recruitment

Length of follow-
up for longitudi-
nal studies

Study topicOngoing studies:
recruited and mi-
noritized demo-
graphics as of
January 1, 2022,
n (%)

Completed stud-
ies: minoritized
demographics, %

Sample
size, n

Study sta-
tus as of
Septem-
ber 2021

Name of study,
principal investi-
gator(s)

TBDOviaParticipants re-
cruited in their
third trimester of
pregnancy, re-
mained in trial
until infant 6
months old

Evaluation of a
breastfeeding
support app

Total: 422

Black: 37 (8.77);
Latinx/Hispanic:
72 (17.1); other
minoritized race:
40 (9.48)

N/AGoal of
2400

OngoingTele-MILCd,
Dr Uscher-
Pines

TBDOvia, FacebookWave 1 data at
third trimester,
wave 2 data at 6
weeks postpar-
tum, wave 3 data
at 16 weeks post-
partum

Association be-
tween prenatal
stressors during
COVID-19 and
subsequent
child develop-
ment

Total: 106

Black: 13
(12.26); Native
American: 2
(1.89); Asian/Pa-
cific Islander: 9
(8.5); multiracial:
6 (5.66); Lat-
inx/Hispanic: 12
(11.3)

N/AGoal of
150

OngoingEPICe Survey,
Dr McCabe

N/AOviaN/AExperience of
giving birth and
postpartum care
during the first
wave of the
COVID-19 pan-
demic

N/AAsian/Pacific Is-
lander: 3.2;
Black: 7.1;
mixed: 3.8; Lat-
inx/Hispanic:
11.6; low income
(<US
$50,000/year): 16

388Complet-
ed

Birth and Post-
partum Care
During
COVID-19, Dr
Breman

N/AOvia, Pacify,
Facebook/Insta-
gram, YouTube

N/AAssessment of
shared decision
making during
hospital birth in
the U.S.

N/AAsian/Pacific Is-
lander: 6; Black:
10.4; mixed: 5.4;
Latinx/Hispanic:
13; low income
(<US
$50,000/year): 26

1173Complet-
ed

Shared Deci-
sion-Making
During Hospital
Birth, Dr Bre-
man

N/AOviaN/AAssessment of
the relationship
between low
back and pelvic
pain, depression
symptoms, and
quality of life in
pregnant wom-
en in their third
trimester

Black: 10.76; Na-
tive American:
1.27; Latinx/His-
panic: 13.29;
Asian/Pacific Is-
lander: 1.90; oth-
er/2 or more
races: 3.80; low
income (Medi-
caid eligible):
32.28

158Complet-
ed

BetterLife, Drs
Vignato and
Segre
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Reten-
tion, %

Digital/social me-
dia platform used
for recruitment

Length of follow-
up for longitudi-
nal studies

Study topicOngoing studies:
recruited and mi-
noritized demo-
graphics as of
January 1, 2022,
n (%)

Completed stud-
ies: minoritized
demographics, %

Sample
size, n

Study sta-
tus as of
Septem-
ber 2021

Name of study,
principal investi-
gator(s)

TBDOviaParticipants re-
cruited while
their newborns
are hospitalized

Evaluation of
listening visits
delivered via
Zoom by NICU
nurses to emo-
tionally dis-
tressed mothers
of hospitalized
newborns

Total: 4; no
racially or ethni-
cally minoritized
participants

N/A29OngoingListening Visits

for NICUf

mothers, Dr
Segre

aN/A: not applicable.
bREST: Research on Expecting Moms and Sleep Therapy.
cCBT: cognitive behavioral therapy.
dTele-MILC: Telehealth to Increase Mothers’ Lactation Confidence.
eEPIC: Experiences of Pregnancy and Isolation during COVID-19.
fNICU: neonatal intensive care unit.

The Promise of Digital Trials for Pregnant and
Postpartum Individuals
Digital trials have numerous benefits. First, they offer an
alternative to costly and inconvenient traditional trials [4,5].
Traditional trials, with their multiple limitations, have dominated
the landscape since the 1940s but needed disruptive innovation
[6]. Participants in traditional trials must be located near physical
study sites, restricting access for many. Further, it is well
documented that most traditional trials fail to meet their
recruitment targets [7,8]. Traditional trials are also expensive
[4,5].

In the area of access and participation, digital trials can support
rapid recruitment of large samples [1]. Because participants do
not need to be near a study site, these trials can serve
hard-to-reach and diverse populations [1,9]. Further, because
digital trials offer participants greater autonomy, convenience,
and privacy, they may be more appealing to certain participants
who would not otherwise engage [10]. Researchers at Harvard
and the Massachusetts Institute of Technology (MIT)
demonstrated that digital trials may improve access to studies
for women and racially and ethnically minoritized populations,
who are significantly underrepresented in clinical trials [11,12].

With regard to costs, digital trials are also likely to be more
efficient because they require smaller teams of investigators [2]
and avoid power reduction due to clustering, which is an issue
when recruiting from multiple sites [13]. Further, digital
technologies, which allow for continuous data collection or data
collection at more time points, can reduce costs related to
clinical assessments [14].

Furthermore, digital trials introduce a host of methodological
advantages. For example, with electronic consent (eConsent)
procedures, multimedia web tools (eg, videos, animation) can
be used to enhance understanding [15], and randomization has
the potential to be more secure [2,16].

Although many populations can benefit from digital trials, they
may be particularly suited for pregnant and postpartum
individuals. First, demands of infant care can make travel
challenging, and studies have demonstrated that young parents
find it difficult to visit clinical sites to participate in research
[17]. Second, the perinatal period is one that is rife with distress,
with approximately 20% of childbearing women exhibiting
symptoms of anxiety and depression [18,19]. The significant
responsibilities and physical and emotional changes that occur
in the perinatal period often impede individuals from engaging
in healthy behaviors and participating in research that may
benefit themselves or science in general [17]. Third, women of
childbearing age exhibit the highest rates of smartphone
ownership [20]. As such, the historic criticism that requiring
internet use may lead to less representative samples in digital
trials may be not be applicable to this population [2,16,21].

Although many of these advantages were clear prior to the
COVID-19 pandemic, the pandemic revealed additional benefits
with great urgency and led to the rapid adoption of digital
engagement strategies. The social distancing orders in March
2020 led the US Food and Drug Administration to issue
guidance on the safety risks of proceeding with traditional trials
and urged researchers to develop safer alternatives for data
collection [10]. Shortly thereafter, a review by ClinicalTrials.gov
revealed that patient interactions in ongoing trials, including
some focused on pregnant and postpartum populations, began
to predominantly occur remotely [22]. This shift to digital
engagement is expected to persist. Most clinical trial
investigators expect a threefold increase in digital patient
interactions 6 months postpandemic [22,23].

Digital Trials and Tribulations
Digital trials of social and behavioral interventions, while
innovative, also face unique challenges. First, a key concern is
that because these studies leverage technology, they cannot
engage individuals without mobile devices or access to the
internet. Further, participants must have digital literacy (eg, to
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complete online assessments, download a study app). These
requirements may lead to a lack of representation and may
perpetuate health disparities, as minoritized and underserved
populations have reduced broadband access and subsequently
less health and digital literacy [23]. For example, as of April
2021, 80% of White Americans had home internet access
compared to 71% of Black and 65% of Latinx Americans [20].
Second, attrition in longitudinal studies remains a serious
concern. Research has shown that digital trials have higher
attrition rates, in part, because research subjects are not as
invested or activated. In addition, the personal, human touch
that occurs during in-person interactions with members of the
study team, lacking with digital trials, may be a key ingredient
for retention. Lastly, although privacy has been noted to be a
strength of digital trials, it can also be a limitation. Although
digital trials allow a certain level of anonymity, trials that occur
in a participant’s home over the internet may face challenges
with data security. In sum, securing participant data and ensuring
privacy are challenges, and researchers must continue to develop
methods to monitor and evaluate data from health technologies
[24].

Key Challenges and Useful Strategies

Background
In the past 5 years, our research teams have launched numerous
digital trials as well as modified existing traditional trials among
pregnant and postpartum individuals to incorporate digital trial
elements. We have used several social media platforms and
pregnancy and parenting apps for recruitment, with the most
common being Facebook and Ovia. Facebook is the most
popular social media platform among American adults, with
69% reporting that they use Facebook [20]. Facebook is popular
across all demographic groups; however, some adults access it
more often. Specifically, 77% of women use Facebook daily
compared to 61% of men, and 74% of Black Americans use
Facebook daily compared to 67% of White and 72% of Latinx
users. Ovia is 1 of the most popular pregnancy apps available
for free download [25]. Used by over 2 million people in the
U.S. each month (email communication with Ovia staff, August
10, 2021), it provides educational content, conducts health
assessments, and uses proprietary algorithms and machine
learning to provide user-specific support, advice, and resources
[25].

Although we confronted numerous challenges in designing and
executing our digital trials, we found 3 areas to be particularly
daunting: rapid recruitment of large, diverse samples; retention;
and fraudulent enrollment monitoring. We explain each of these
areas next, as well as promising strategies to overcome the
challenges.

Challenge #1: Rapid Recruitment of Large, Diverse
Samples
Across all the social media platforms and apps, our studies were
typically featured in a paid ad. Potentially interested participants
saw the ad, clicked on it, and were routed to a study web page
or screening survey. Although the steps varied by study, many
participants then completed an eligibility screening survey,

completed an informed consent process, and were enrolled. In
this recruitment process, we struggled with recruiting minorized
individuals and routing eligible participants through the
enrollment process.

Minoritized Participants
None of the platforms we used for recruitment allowed us to
target ads to users of a particular race or ethnicity. However, it
was possible to target based on geography (eg, state or zip code),
and in the case of Ovia, the stage of pregnancy and parity. In
August 2020, after several lawsuits and scandals surrounding
housing discrimination by advertisers, Facebook no longer
permitted targeting based on race [26,27]. Given this new policy,
researchers in our collaborative were unable to use ads to
directly oversample minoritized groups. To overcome this
constraint, the Research on Expecting Moms and Sleep Therapy
(REST) study, a longitudinal study that examined the
effectiveness of digital cognitive behavioral therapy (CBT) for
insomnia for pregnant women, used the Facebook audience tool
to advertise to certain zip codes that have a high proportion of
Black and Latinx populations.

Further, even in cases where a platform’s user base is nationally
representative and ads go out to users of all races and ethnicities,
we learned that we may fail to generate interest among
minoritized groups. For example, in several studies, we found
that highly educated, White participants were more likely to
click on study ads and were disproportionately represented. As
a result, our teams worried that we may be perpetuating the
systemic barriers that minoritized and marginalized groups face
in accessing clinical research and care. To combat this, we
experimented with the following strategies:

• Strategy 1: Expand beyond paid ads. Although researchers
can pay platforms to advertise, there are other ways to reach
minoritized populations on social media. Members of our
collaborative used social media platforms to join online
pregnancy support groups (eg, Black Mamas Matter, Black
Families Do Breastfeed) and promote the study if given
approval. For example, members of the CHOICE for Birth
study team used professional and personal networks to
contact and collaborate with an influencer to promote their
study. Further, the team used a recruitment firm to connect
them with accounts on social media that were specifically
tailored to minoritized groups. Through this connection,
the team was able to have a paid ad on Instagram and
successfully recruited more Asian pregnant people.

• Strategy 2: Run ads that feature images of racially or
ethnically minoritized pregnant people and explicitly state
in the materials that the research team is recruiting
minorized populations. This strategy falls under the category
of surface structure adaptations (vs deep adaptations, which
demonstrate the salience of the intervention for the target
population) [28]. Here, visual modifications to the materials
and intervention content are implemented based on more
superficial characteristics (eg, locations, language, food)
of or preferred by the target group. These strategies
demonstrate how the research program or materials fit with
the culture and may increase acceptance of the materials
[28]. Most researchers in our collaborative utilized these
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types of strategies. The Telehealth to Increase Mothers’
Lactation Confidence (Tele-MILC) study, a National
Institutes of Health (NIH)-funded trial to assess the impact
of a breastfeeding app, utilizes this strategy, among others.
Although the study continues to recruit, as of September
2021, two-fifths (n=80, 40%) of the 200 enrolled
participants identified as Latinx or Black.

• Strategy 3: Partner with community members to develop
culturally concordant recruitment materials. For example,
1 of our research teams is planning to partner with a
participant recruitment program that has services to support
enrollment of underrepresented populations. The program
will collaborate with community members, who will provide
feedback on recruitment materials. They will then offer
consulting services to ensure materials are in plain language.

Sustaining Interest Through the Informed Consent
Process
Some of our digital trials lost large numbers of eligible
individuals during the recruitment process because of the
time-consuming, intimidating, and non-user-friendly nature of
the informed consent process. For example, in a trial focused
on parents of hospitalized newborns that used Ovia for
recruitment, 40% (n=72) of individuals who viewed the study
ad were eligible to complete the eligibility screening survey,
and 33% (n=24) completed the eligibility screening survey.
However, only two individuals (18% of those who were deemed
eligible to enroll in open trial) completed the eConsent form
over the entire recruitment period for Ovia. The research team
attributed this low enrollment to the use of a long and legalistic
informed consent form typically used for face-to-face
recruitment. Although our teams seldom received direct, formal
feedback from participants initially, several teams that changed
their consent processes to be more streamlined saw immediate
results.

Our teams implemented several strategies to improve the
eConsent experience for participants. First, 1 team had initially
included a 2-part consent process, where potential participants
had to consent to the screening survey and then, if eligible, the
full study. In the streamlined version, the team is planning to
have a single consent task that occurs following screening.

Another team with challenges enrolling participants revised the
look and content of the eConsent form. Members of the
Encouraging Mothers and Babies Everywhere - Research Center
(EMBERcenter) [29] revised their eConsent process after
consulting with a marketing strategist. They inferred that the
original consent process was problematic, given the limited
number of eligible participants who successfully completed the
full consent process. Progress of potential participants was
tracked using Qualtrics. After consultation with the marketing
strategist, the EMBERcenter team modified the informed
consent document to be a letter from the principal investigator
and included emojis, a picture of the principal investigator, and
bullet points in place of some paragraphs. They also cut some
material so that the final version read more like a description a
participant might hear from a research coordinator enrolling
participants in person.

The goal of many of these strategies is to provide a seamless
experience for the participant as they leave the social media or
app platform and enter the virtual study environment. If the
social media platform is informal and has limited text, then the
study environment should mirror that as much as possible. We
recommend that researchers conducting lower-risk digital trials
work with their institutional review board (IRB) to amend the
consent length and requirements. The goal is to utilize as few
words as possible to ensure that participants understand the
risks and benefits and to avoid creating consent materials that
look like a technology company’s terms of service, given many
users are accustomed to signing these without reading them.
Because many guidelines and templated consent documents are
based on traditional in-person trials, research teams may need
to work with and educate their IRBs about adaptations for digital
trials.

Challenge #2: Retention
Once participants are successfully enrolled, it can be difficult
to retain them. In many of our studies, we required participants
to respond to online surveys over months or years, and we were
concerned that high attrition rates would pose a threat to validity.
As previously stated, attrition is a well-documented problem in
digital trials, with most participants dropping out within the
first week of the study [30]. Fortunately, robust engagement
strategies can have a significant impact on retention. Several
digital trials across our study teams had above-average retention
rates [31,32].

Our study teams implemented several novel retention strategies
beyond providing incentives and sending reminders to reduce
attrition. One effective strategy for traditional trials is a
30-minute orientation to the study prior to randomization [33].
During the interactive orientation, motivational interviewing
techniques can be used to process feelings and ambivalence
about the intervention and the different groups participants could
be assigned (ie, control vs experimental) [33]. In the REST
study [34], these orientations were conducted by a study
coordinator via phone. In the Sunnyside study, an evaluation
of a longitudinal digital intervention using CBT to prevent the
development of postpartum depression, an initial engagement
call was completed to introduce participants to the program and
ensure ability to access study materials [35].

Another strategy 1 of our teams used was to include escalating
incentives based on the proportion of online surveys that the
participants completed. Further, some study teams sent gifts to
participants to demonstrate the importance and value of the
participants’ information and participation. For example, in the
Experiences of Pregnancy and Isolation during COVID-19
(EPIC) Survey, the research team mailed baby wipes along with
a letter to congratulate participants on the birth of their baby.
The Tele-MILC study engaged participants by having monthly
contests that were announced in the study’s newsletter;
specifically, participants could create memes, send in a baby
photo, or answer a trivia question to receive additional
incentives.

Other strategies to improve engagement focused on creating a
community among participants and eliciting altruism. The study
team for the EPIC Survey implemented a few strategies to create
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a community feeling. First, they gave a group name to their
participants so that a more personal feeling was elicited. Further,
study staff generated a map of all zip codes where participants
lived in order to show the reach of the study and proximity to
other participants. The team placed a dot near each zip code
where a participant lived in order to ensure privacy and
confidentiality. Members of the Tele-MILC study team made
a “Thank You” video, which appeared at the end of the
enrollment process. In the video, the principal investigator and
members of the research team conveyed their appreciation of
the participants, the importance of the study, and the role that
participants were playing in contributing to science. The video
was designed both to tap into the participants’ altruism and to
show the real humans behind the digital trial.

Challenge #3: Fraudulent Enrollment
Fraudulent enrollment is a common problem in digital trials,
particularly trials that utilize social media for recruitment, and
can introduce threats to data integrity and sample validity [36].
Fraudulent enrollment can occur in several ways. First, ineligible
individuals can misrepresent themselves as eligible. In some of
our studies, we were concerned that men or women who were
not pregnant at the time of recruitment would attempt to enroll
despite ads clearly describing the target population. We were
also concerned that certain individuals would continue to edit
their responses to the screening survey until the instrument
declared that they were eligible. Second, participants who are
eligible can attempt to enroll in a study more than once to obtain

additional incentives. Lastly, software applications that run
automated tasks, known as bots, can pose as participants to
receive incentives [37]. Several of our study teams have
monitored for fraudulent enrollment and detected bots. We
found that an advantage of Ovia, and other platforms that target
pregnant and postpartum people, is that there are fewer instances
of ineligible individuals trying to enroll.

Research teams that used social media platforms that were not
used exclusively by pregnant and postpartum individuals
developed methods to verify pregnancy and identify bots. Some
teams requested photos of a recent ultrasound or required that
the participants upload a birth certificate. One team included
an “insider” question (ie, a question that only an eligible
participant is likely to answer correctly) in an early survey,
asking each participant to enter the name of their obstetrician.

Additional strategies that our digital trials used to detect fraud
included consistency checks (eg, Does “weeks pregnant” match
the baby’s due date?) and open-ended survey questions.
Open-ended questions are useful because the study team can
assess whether answers are coherent. The Tele-MILC study
combined 2 fraud detection strategies (insider and open ended)
in 1 survey question. In the first survey, we asked individuals
what they liked most about the Ovia app. We reviewed responses
to this question to ensure that participants were in fact Ovia
users (and that off-platform recruitment was not taking place)
and were actual humans versus bots with incoherent answers.
Additional strategies are included in Table 2.
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Table 2. Concrete strategies for improving recruitment, retention, and fraud monitoring.

DescriptionStrategy

Recruitment

Expand beyond paid ads. • Utilize social media influencers to promote your study. Join groups that are dedicated
to your population (eg, Black Mamas Matter) and ask permission to promote the study.

Run targeted ads. • Create ads that feature images of racially or ethnically minoritized individuals or your
targeted population of interest to improve acceptability and signal that your study is
interested in their experiences.

Develop culturally concordant materials. • Utilize university or external programs that have services to support enrollment of
underrepresented populations that partner with community members to create or
contribute to materials.

• Employ and collaborate with community members.
• Before enrollment or conceptualization of your study, engage with your community

of interest and develop a relationship. Understand their needs and wants in advance
and reflect on your positionality and privilege as a researcher before undertaking the
research study.

Improve the eConsenta process. • Condense the consent process into 1 step.
• Edit the consent form to include more visual elements and highlighted bulleted points.
• Streamline the process from the ad to the study landing page. Ensure that your website

matches the style and language of the social media platform as much as possible.
• Meet with your IRBb to amend the requirements on length and detail.

Utilize experts from other disciplines (eg, marketing). • Hire marketing strategists or other communications experts to review and edit your
study materials, particularly consent and assent documents, to ensure they are digestible
and inviting

Retention

Collect secondary contacts. • Collect a friend or relative’s contact information in case the research team loses touch
with the participant.

Send birthday congratulations. • Email or mail birthday cards and other postcards for important milestones.

Send monthly newsletters. • Send participants a monthly newsletter that contains descriptions or interviews with
a member of the research team and other helpful resources related to the study topic
(eg, ideas for self-care, fun facts about pregnancy).

Share positive quotes. • Ask participants to share quotes about their experiences in the study to share widely
with other participants.

Send reminders. • Utilize an automated service to send reminders to participants about their upcoming
assessments or have a research team member text, call, or email personalized reminders.

Provide escalating incentives. • Provide different levels of incentives/compensation based on how many follow-up
surveys the participant completes. Make the final assessment worth more than prior
assessments.

Utilize games/contests. • Create contests wherein participants can be compensated or entered into a raffle to
win a gift card or other incentive. Contests such as “best caption for a meme or gif”
and solving riddles have been engaging.

Send gifts. • Send participants items (eg, coffee mugs, pens, notebooks, baby wipe case, hand
sanitizer) with the study name or logo on it.

Develop a video from the study team. • Create a thank-you video to appear at the end of a survey or on your study website,
featuring the research team and positive messages or stories to elicit altruism.

Create opportunities for networking/interaction. • Create a visual map of participants’ locations.
• Create a social media page where study participants can interact; host virtual meetings

for participants to facilitate interactions among them.

Fraudulent enrolment
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DescriptionStrategy

• Review IP addresses (unique addresses that identify devices on the internet or on a
local network) to ensure that the same individual is not attempting to enroll more than
once.

Check internet protocol (IP) addresses or latitude and
longitude.

• Add reCAPTCHA, a tool that uses advanced risk analysis techniques, to distinguish
between humans and bots.

Add reCAPTCHA (Google).

• Require that potential participants engage with the study team (either in a synchronous
meeting or via asynchronous communication) prior to dispensing incentives.

Require face-to-face meetings or emailing back and
forth.

• Do not automatically dispense incentives; ensure fraudulent enrollment monitoring
is completed before participants are official enrolled in order to keep bots and ineligible
participants from depleting your incentives.

Only dispense incentives after eligibility is con-
firmed.

• Include a survey question that is invisible to humans but visible to bots. If it is an-
swered, this suggests bot activity.

Include honeypot questions.

• Include 2 or more survey questions that ask the same question in different ways (eg,
age and date of birth); check for consistent responses.

Perform consistency checks.

• Include a question that only an eligible participant is likely to answer correctly/know
the answer. A common example is to ask members of the military a question about
their rank.

Include insider questions.

• Include time stamps and review how long it takes for a participant to complete a survey.
For example, flag if the participant completes a long survey in less than 5 minutes.

Include time stamps/time to complete survey.

• Flag if the same email is entered in the enrollment records of multiple participants.Create a duplicate email flag.

• Do not enable a back button in screening surveys. Including a back button may enable
participants to change prior answers to meet eligibility criteria.

Control survey navigation.

aeConsent: electronic consent.
bIRB: institutional review board.

Conclusions

Despite the demonstrated need and utility of digital trials for
pregnant and postpartum individuals, the guidance on
methodology remains limited. Methods are needed for the
recruitment and retention of large, diverse samples, particularly
minoritized populations, given the systemic barriers these
communities face in participating in research. As such, our
collaborative aimed to begin a dialogue and generate

recommendations for researchers as well as reviewers of digital
trial protocols. Although the strategies we presented in this
commentary have been pilot-tested in 1 or more trials, future
research should formally test their effectiveness with different
populations and study types. Given the rapid growth and
important advantages of digital trials, strong study designs that
help to overcome their weaknesses are needed to advance the
science and spur ongoing innovation in the field of maternal
and child health.
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Abstract

Background: Prior to the COVID-19 pandemic, in-clinic visits were the standard of care for pediatric physicians and surgeons
at our center. At the pandemic onset, web-based care was adopted at an unprecedented scale and pace.

Objective: This descriptive study explores the web-based care experience of pediatric physicians and surgeons during the
pandemic by determining factors that supported and challenged web-based care adoption.

Methods: This study took place at the Children’s Hospital at London Health Sciences Centre, a children’s hospital in London,
Ontario, Canada, which provides pediatric care for patients from the London metropolitan area and the rest of Southwestern
Ontario. The Donabedian model was used to structure a web-based survey evaluating web-based care experience, which was
distributed to 121 department-affiliated pediatric physicians (including generalists and subspecialists in surgery and medicine).
Recruitment occurred via department listserv email. Qualitative data were collected through discrete and free-text survey responses.

Results: Survey response rate was 52.1% (63/121). Before the pandemic, few physicians within the Department of Paediatrics
used web-based care, and physicians saw <10% of patients digitally. During March-May 2020, the majority transitioned to
web-based care, seeing >50% of patients digitally. Web-based care use in our sample fell from June to September 2020, with the
majority seeing <50% of patients digitally. Telephone and Ontario Telemedicine Network were the platforms most used from
March to September 2020. Web-based care was rated to be convenient for most providers and their patients, despite the presence
of technical difficulties. Challenges included lack of physical exam, lower patient volumes, and poor patient digital care etiquette.
Regardless of demographics, 96.4% (116/121) would continue web-based care, ideally for patients who live far away and for
follow-ups or established diagnoses.

Conclusions: Transition to web-based care during COVID-19 was associated with challenges but also positive experiences.
Willingness among pediatricians and pediatric surgeons to continue web-based care was high. Web-based care experiences at
our center could be improved with patient education and targeting select populations. Future research is needed to improve practice
efficiency and to inform regulatory guidelines for web-based care.

(JMIR Pediatr Parent 2022;5(2):e34115)   doi:10.2196/34115
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Introduction

Web-based care has been defined as any interaction between
patients or members of their circle of care, occurring remotely,
using any forms of communication or information technologies,
with the aim of facilitating or maximizing the quality and
effectiveness of patient care [1]. Though Canadian physicians
have been using technologies for delivery of web-based care as
early as the 1970’s [2], prior to the COVID-19 pandemic, there
remained significant barriers to widespread delivery of
web-based care across the country [3]. Although web-based
care has demonstrated utility in several pediatric subspecialties
[4], before March 2020, the standard of care for pediatricians
affiliated with our center was in-clinic visits, with web-based
visits limited to the Ontario Telemedicine Network for select
patients in remote locations. Additionally, given the sparse
uptake of web-based care across pediatric subspecialties at our
center, little was known about local web-based care practice
patterns before the pandemic.

With the onset of the COVID-19 pandemic, web-based care
was adopted at an unprecedented scale and pace to mitigate and
manage the risk of spread of the disease [5]. Regardless of
previous experience with web-based care, physicians of nearly
all specialties and disciplines were required to adopt some
proportion of digital practice as a means of maintaining a
continuum of patient care [6]. Despite initial positive feedback,
the sudden rush to web-based systems carried the risk of
diminishing quality of clinical care [7]. At the time of our study,
little was known of the impact of this shift for providers,
particularly pediatricians. Therefore, this descriptive study
sought to qualify the web-based care experiences of local
pediatricians during the early stages of the COVID-19 pandemic
(March to September 2020), with the intention of implementing
web-based care clinical practice changes at the department level.

Methods

Study Design
The Donabedian model for health care quality improvement
was used to guide questions within the survey on the Qualtrics
platform (Multimedia Appendix 1). This survey was then used
to evaluate the web-based care experience of staff pediatric
physicians and surgeons through their responses. In this survey,
web-based care was defined as any interaction between patients
or members of their circle of care, occurring remotely, using
any forms of communication or information technologies [1].
Within the Donabedian model, “structure” refers to assessment
of health care settings, qualifications of providers, and
administrative systems through which care is provided. In our
survey, this was assessed with demographic questions,
web-based care settings, start-up costs, and platforms used.
“Process” refers to the elements of care delivered within
clinician-technical and clinician-interpersonal relationships.
This was addressed in our survey with questions about
percentage of care provided virtually, as well as free text
responses related to patient care. Finally, “outcome” refers to
achievement of goals of care, with indicators such as

satisfaction, safety, and good use of resources. In our survey,
our primary outcome was physician experience with web-based
care, measured by positive experience with web-based care,
negative experience with web-based care, and willingness to
continue to provide web-based care in the future. Phrasing of
survey questions was balanced to include positive and negative
options to avoid leading questions, and the survey was pilot
tested by a non-London Health Sciences Centre
(LHSC)–affiliated pediatrician for readability and content.

Ethics Approval
Research ethics exemption was granted by the Office of Human
Research Ethics on behalf of Western University’s Research
Ethics Board. As this study is a part of a larger quality
improvement initiative, this was granted under the Quality
Assurance/Quality Improvement/Program Evaluation
classification.

Study Setting
This study took place at LHSC, a children’s hospital in London,
Ontario, Canada, which provides pediatric care for patients from
the London metropolitan area and the rest of Southwestern
Ontario. This survey was introduced to the Department of
Paediatrics in September 2020 to assess web-based practice
patterns from March 2020 to September 2020.

Recruitment and Data Collection
Recruitment for the study occurred via email in September 2020
to all LHSC-affiliated pediatric physicians and surgeons within
the department’s listserv email database. The Department of
Paediatrics email listserv comprises 121 staff physicians,
including generalists, subspecialists, pediatric surgeons, as well
as academic and community physicians. A follow-up email was
sent through the same listserv 2, 4, and 6 weeks after the initial
email to prompt further response, with a deadline of 6 weeks
total to complete the survey.

Data Analysis
The web-based survey was analyzed through the QualitricsXM
platform and Microsoft Excel (version 16.16.5). The results
were collated, and descriptive statistics for numerical data were
calculated. Partially completed responses to the survey were
excluded from analysis, noted as “no response” in Tables 1-5.
Free text responses were reviewed by the research team to
identify themes and provide further support to numerical data
(Multimedia Appendix 2).

Results

Survey Response
Of the 121 pediatric physicians, 63 (52.1%) responded.
Demographic information of the respondents may be viewed
in Table 1. The respondents were primarily subspecialists
working at an academic institution. This is consistent with the
demographics of the total listserv database, which comprises
19 (15.7%) community generalists and 102 (84.3%) academic
subspecialists in both pediatric surgery and medicine.
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Table 1. Demographic characteristics of the survey respondents.

Values, n (%)Characteristics

Primary practice location

56 (88.9)Academic Children’s Hospital

0 (0)Community Hospital

5 (7.9)Community Clinic

2 (3.2)Other

Practice type

10 (15.9)General

53 (84.1)Subspecialist

Years in practice

17 (27.0)≤5

9 (14.3)6-10

20 (31.7)11-20

17 (27.0)≥21

Adoption of Web-Based Care During the COVID-19
Pandemic
While the majority of respondents had no prior web-based care
experience (Table 2) during the first wave of the pandemic
(March-May 2020), almost all respondents transitioned to
web-based care, with the majority seeing more than half of their
patients digitally. By summer (May-September 2020) web-based
care use declined, with the majority of physicians seeing less

than 25% of their patients digitally. Reported percentages of
web-based care are based on physician estimates.

Respondents were more likely to use synchronous web-based
care methods with live audio or video feedback over
asynchronous methods such as email or secure messaging
software (Table 3). The most commonly used web-based care
platforms in our sample were telephone and the Ontario
Telemedicine Network, which were also selected as the most
popular platforms ideally used in the future.
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Table 2. Web-based care practice patterns.

Values, n (%)Characteristics

Prior web-based care experience

19 (30.2)Yes

44 (69.8)No

Adopted web-based care during pandemic

59 (93.7)Yes

4 (6.3)No

Percentage of practice via web-based care (March-May 2020)

1 (1.6)Closed practice

4 (6.3)0%

8 (12.7)1%-10%

6 (9.5)11%-25%

3 (4.8)26%-50%

6 (9.5)51%-75%

28 (44.4)75%-100%

6 (9.5)No response

Percentage of practice via web-based care (June-September 2020)

0 (0)Closed practice

2 (3.2)0%

15 (23.8)1%-10%

15 (23.8)11%-25%

8 (12.7)26%-50%

12 (19.0)51%-75%

4 (6.3)75%-100%

6 (9.5)No response
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Table 3. Physician platform use.

Values, n (%)Characteristics

Platforms used to provide care (March-September 2020)

Synchronous

4 (6.3)Doxy

17 (27.0)Cisco Webex

16 (25.4)Zoom

35 (55.6)OTNa

7 (11.1)Facetime

41 (65.1)Telephone

1 (1.0)Microsoft Teams

Asynchronous

3 (4.8)Secure messaging

18 (28.6)Email

10 (15.9)No response

Anticipated platform use (September 2020 onward)

Synchronous

4 (7.4)Doxy

12 (22.2)Cisco Webex

10 (18.5)Zoom

39 (72.2)OTN

1 (1.9)Facetime

34 (63.0)Telephone

2 (1.0)Microsoft Teams

Asynchronous

3 (3.7)Secure messaging

18 (33.3)Email

9 (14.3)No response

aOTN: Ontario Telemedicine Network.

Challenges of Web-Based Care Use
Free text responses by survey respondents provided insight into
challenges during their adoption of web-based care from March
2020 onward (Multimedia Appendix 2). Those who felt
web-based care did not work well for their patients frequently
cited the inability to perform a physical examination and the
associated diagnostic uncertainty as challenges. The respondents
reported disappointment with a lack of respect of the web-based
encounter, citing examples of patients answering digital calls

in shopping malls or poolside. The majority of physicians did
not feel they could see a higher volume of patients digitally
(Table 4). Technical difficulties and lack of adequate
compensation were additional challenges.

With the transition to web-based care, out-of-pocket costs were
encountered by 64% (34/63) of the respondents (Figure 1).
While the exact cost associated was not quantified in our study,
these tended to be one-time start-up costs (ie, web camera)
versus recurring fees.
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Table 4. Provider opinions on web-based care, March 2020 to September 2020.

No response,
n (%)

Strongly dis-
agree, n (%)

Somewhat dis-
agree, n (%)

Neither agree nor
disagree, n (%)

Somewhat
agree, n (%)

Strongly agree,
n (%)

Question

11 (17.4)9 (17.3)12 (23.1)11 (21.2)16 (30.8)4 (7.7)Virtual care does not work well for my
patient population.

11 (17.4)2 (3.8)14 (26.9)14 (26.9)19 (36.5)3 (5.8)Technical difficulties are a challenge for
me in my virtual practice.

11 (17.4)12 (23.1)7 (13.5)14 (26.9)12 (23.1)7 (13.5)I am compensated adequately for the vir-
tual care I provide.

11 (17.4)17 (32.7)15 (28.8)10 (19.2)6 (11.5)4 (7.7)I see a higher volume of patients virtually.

10 (15.9)17 (32.1)13 (24.5)13 (24.5)9 (17.0)1 (1.9)I find it difficult to use virtual care plat-
forms.

10 (15.9)17 (5.7)6 (11.3)5 (9.4)26 (49.1)13 (24.5)Virtual care is convenient for me.

11 (17.5)3 (5.8)15 (28.8)15 (28.8)15 (28.8)4 (7.7)Patients find it difficult to use virtual care
platforms.

11 (17.5)2 (3.8)6 (11.5)20 (38.5)16 (30.8)8 (15.4)My patients are safer as a result of virtual
care.

11 (17.5)2 (3.8)7 (13.5)11 (21.2)23 (44.2)9 (17.3)Technical difficulties are a challenge for
my patients.

11 (17.5)0 (0)2 (3.8)6 (11.5)32 (61.5)12 (23.1)Patients are satisfied with the transition to
virtual care.

11 (17.5)0 (0)7 (13.5)10 (19.2)31 (59.6)4 (7.7)Patients are compliant with virtual care
visits.

11 (17.5)0 (0)0 (0)3 (5.8)30 (57.7)19 (36.5)Virtual care is convenient for my patients.

Figure 1. Costs associated with the transition to web-based care.

Facilitators of Web-Based Care Use
Web-based care was rated as convenient for both physicians
and patients, despite the presence of technical difficulties (Table
4). Based on free text feedback (Multimedia Appendix 2), the
physicians who viewed web-based care as appropriate for their
patient populations were typically those with a primary focus
on history and less reliance on a physical exam.

Future Use
Regardless of practice location, specialty, years in practice, or
prior experience with web-based care, 96.4% (n=54) of the
survey respondents would continue to provide web-based care
in the future (Table 5). The majority of respondents would
ideally see less than half of their patients digitally moving
forward and identified patients who live far away and follow-ups
or established diagnoses as ideal populations to serve digitally.
Patient satisfaction, improved technology, and provincial or
national policies are top motivating factors for continued
web-based care use.
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Table 5. Provider opinions on web-based care use from September 2020 onward.

Values, n (%)Characteristics

Plans to continue to provide web-based care

54 (96.4)Yes

2 (3.6)No

7 (11.1)No response

Ideal percentage of future web-based patient interactions

3 (5.4)0%

17 (30.4)1%-10%

20 (35.7)11%-25%

12 (21.4)26%-50%

3 (5.4)51%-75%

1 (1.8)75%-100%

7 (11.1)No response

Patients best served virtually

21 (51.2)Nonacute

9 (22.0)New consults

30 (73.2)Follow-ups or established diagnosis

37 (90.2)Patients who live far away

21 (51.2)Immunocompromised patients

22 (53.7)Patient preference

22 (34.9)No response

Motivating factors for continued web-based care integration

23 (42.6)Department-wide policy

29 (53.7)Financial incentive

36 (66.7)Patient satisfaction

33 (61.1)Better technology

9 (16.7)Other (please specify)

32 (59.3)Provincial or national policy

14 (25.9)LHSCa endorsement of a specific platform

11 (20.4)Training sessions for how to optimize web-based care

28 (51.9)Ability to incorporate trainees into web-based care

9 (14.3)No response

aLHSC: London Health Sciences Centre.

Discussion

Principal Results
Our study provides a unique insight into how pediatric
physicians and surgeons at our center adjusted to a sudden
virtualization of health care and their attitudes toward integration
of web-based clinical practice in the future. With the onset of
the COVID-19 pandemic, web-based care was adopted swiftly,
exemplified by its almost-unanimous adoption by pediatric
physicians and surgeons at our center, over half of whom
provided the majority of their care digitally. Interestingly,
months later, in the summer of 2020, practice patterns changed

to reduce the percentage of web-based visits, with over half of
physicians and surgeons seeing less than 50% of their patients
virtually. Those who were the most enthusiastic about web-based
care were academic subspecialists who spend a greater
proportion of their visits taking history, see patients with less
acuity, and do not rely heavily on a physical examination.
Looking to the future, buy-in for web-based care was high, with
almost all survey respondents willing to continue to provide
web-based care in the future, regardless of demographic factors
and prior experience with web-based care.
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Comparison With Prior Work
Our results contribute to the existing literature demonstrating
increased prevalence of web-based care visits during the
COVID-19 pandemic, through examination of patterns of
pediatric physician and surgeon provision. As evidenced by
Bhatia and colleagues, prior to the pandemic, the delivery of
care through web-based means was limited, with only a small
number of Ontario physicians offering visits. However, during
the first 6 months of 2020, the majority of Ontario residents had
used web-based care for at least one appointment [8].
Furthermore, those who had connected with their doctor digitally
during that time reported a 91% satisfaction rate [9]. Similar to
provincial patterns, within our cohort, telephone visits were the
primary method of contact during the first wave of the pandemic
[8]. Interestingly, previous studies reporting on physician
preference report that although audio or video visits represent
the closest substitute to in-person visits, they are less convenient
for providers when compared to asynchronous messaging, which
allows time to review patient cases and respond when available
[10,11]. In our study, asynchronous messaging represented a
smaller proportion of web-based care visits, perhaps due to lack
of familiarity, lack of department endorsement of these
platforms, and perhaps poorer financial incentives. However,
asynchronous delivery of care does offer the potential to reduce
issues identified by our respondents, such as reduced web-based
care patient volumes and poor patient etiquette.

Throughout the literature, it has been determined that web-based
care works well in populations where a significant portion of
the visit is spent taking history, with less reliance on a physical
exam, which was supported by free text responses from our
sample [12]. The challenges identified in our study, including
lack of physical examination and poor patient etiquette, were
supported by other studies of web-based care during the
pandemic [4,13]. In addition to factors challenging physician
adoption of web-based care, certain patient-level factors were
identified as prohibitive to widespread use of web-based care.
At our center specifically, which sees a high volume of Amish
and Mennonite populations, accessibility in terms of equipment
availability, technological literacy, and patient engagement are
concerns. These barriers may be experienced by additional
patient groups, such as newcomers, patients experiencing
poverty and homelessness, and those with physical or intellectual
disabilities.

Issues with web-based care etiquette were not unique to our
center, as evidenced by a recent article outlining the experiences
of physicians across the country renegotiating the rules of
engagement in their web-based practices [14]. Physicians felt
that, without better patient education, conducting a detailed
interview, passive evaluation, or facilitated evaluation necessary
to create a thorough assessment and treatment plan would be
extremely difficult. While there is a wealth of patient

information tools for web-based care readiness available, we
found that standardization of pediatric-specific, web-based care
patient education tools was lacking in our center. Furthermore,
while physician education on web-based care has been well
documented in the literature [6,15,16], further research is needed
to explore the impact of patient education. Based on survey
responses and lack of available data on the topic, our department
plans to create a pediatric-specific web-based etiquette tool,
with the goal of measuring the impact of web-based care on
physician experience.

Limitations
Our study is limited by our response rate, with only 52.1%
(63/121) of pediatric physicians and surgeons at our center
having completed the survey. Though our convenience sample
was representative of all durations of practice and included those
with and without previous experience in web-based care,
sampling method and response rate limit the generalizability of
data across the Department of Paediatrics as a whole, and
selection bias may have occurred. Given the small number of
participants, we were unable to provide any subanalysis.
Furthermore, only a small number of community pediatricians
(7.9%) offered responses, with no response provided by those
working in community hospitals. Further research is needed to
explore the needs of community pediatricians and how the
provision of web-based care may differ between academic and
community practices. It should be noted that this study is only
representative of a short period of time, March 2020 to
September 2020. Additionally, during this period, we were
unable to validate true percentages of web-based care used, and
recall bias may have influenced responses to these questions.
As COVID-19 continues to challenge the provision of in-person
care, further research is needed to better understand current
practice patterns and how they have changed over the last 2
years to improve practice efficiency and to inform regulatory
guidelines for web-based care.

Conclusion
In conclusion, the transition to web-based care during the early
COVID-19 pandemic period at our center was associated with
challenges, but also with positive experiences. Willingness to
continue web-based care among pediatric physicians and
surgeons is high. It was determined that select populations,
particularly follow-ups and established diagnoses, may benefit
more from web-based care compared with other groups such
as new consults and higher acuity cases. Pediatric physicians’
web-based care experiences at our center could be improved
with greater patient education, improved technology, and
provincial or national policies to guide web-based practice.
Future directions include the development of a web-based care
patient education tool to improve patient and provider
experience.
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We would like to thank the authors of the original research
published in JMIR Pediatrics and Parenting [1] for exploring
the attitudes toward social media and the capacity in which it
can serve to enhance health care delivery for patients with cystic
fibrosis (CF). Despite how far we have come in our
understanding of the disease and the significant improvement
in the care and overall prognosis of this cohort of patients,
studies have shown that adolescents and young adults with CF
continue to face significant barriers in their care concerning
increasing CF complications, issues with medication
compliance, and notably increased isolation and mental health
vulnerabilities [1]. This article highlights thoughtful avenues
in which social media may play a role in addressing some of
these issues, such as access to medical information and
education and the creation of online patient forums for peer
social support. As the COVID-19 pandemic has forced us away
from traditional face-to-face practice of medicine and further
toward the realm of telemedicine and the digital world, this
article is even more pertinent in its notes on the interplay
between social media and health care today.

However, the pandemic has also exposed the uncapped danger
that social media poses in the form of medical misinformation.

One aspect that this article could have considered is the
prevalence of medical misinformation and how this may limit
the role of social media in aiding health care services for patients
with CF.

The spread of false medical information has become a public
health crisis in recent years [2]. A study examining the spread
of misinformation of the Zika virus showed misinformation was
three times more likely to be shared on social media than
verified stories [3]. This study found that, of the 50 adolescents
and young adults with CF who participated in the survey study
and reviewed CF-related information online, 55% rarely or
never checked to ensure the source of the medical content they
consumed was accurate [1]. Not only does misinformation dilute
factual content [4], it also has the potential to severely impact
a patient’s quality of life and risk of mortality [3]. Vosoughi et
al [5] hypothesized that false information spreads faster than
facts because users identify more with its content, as it often
elicits a strong emotional response. Considering patients with
CF are a much younger demographic, it should be considered
whether these patients are more vulnerable to misinformation.
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If we, as health care professionals, advocate social media to our
patients, we should also consider our role in ensuring they are
being exposed to the correct information and sources. However,
the practicalities of this can be argued: how can we ensure
patients view only credible sources or whether individuals can
evaluate the validity of such sources? Moving forward, further

research must be conducted to ensure how we can, practically
and safely, implement social media guidelines for these patients,
to empower adolescents and young adults with CF and provide
them with a safe space to access information related to their
condition.
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We would like to thank the authors for their thoughtful
comments on our study [1]. The COVID-19 pandemic has forced
us to consider the incorporation of alternative models of care
delivery. As noted in our study [2], social media is a model with
potential to address compliance, social support, reduce isolation,
and other vulnerabilities. The authors raise the question about
medical misinformation and the potential adverse implications
it may impart in care delivery. The COVID-19 pandemic has
illuminated these potential perils, as evidenced by the
dissemination of invalid therapeutic and preventative
medications to combat the SARS-CoV-2 virus [3].

With regard to cystic fibrosis, the authors highlight that 55%
of respondents rarely or never checked the accuracy of medical
information, suggesting a potential vulnerability of the
population to medical misinformation. Although not directly
assessed in our study, an underlying theme of concern regarding
medical misinformation does exist. For example, 92% of
respondents suggested it was important that medical information
comes from well-known sources. Additionally, 92% strongly
agreed or agreed that medical information should come from a
trusted source like the CF Foundation and 90% strongly agreed
or agreed that it should come from a physician. These findings
suggest respondents did have some degree of concern

surrounding misinformation although additional exploration is
warranted.

The authors suggest that patients with cystic fibrosis may be
more vulnerable to misinformation depending on their age.
Considering the implications of age on vulnerability to
misinformation is also very important. Although this population
may be younger than other chronic disease cohorts [4-6],
patients with CF are aging (mean age in the United States: 23.3
years) and over half of the population (57% in the United States
and the United Kingdom) are older than 18 years [7,8]. It should
be considered that many of these patients grew up during the
rise of social media popularity. These experiences may allow
for improved digital literacy and for misinformation to be more
readily identified. Fake news and misinformation target
consumers from all age groups; however, older adults have been
noted to share more misinformation than younger users [9]. The
implications of age and prior digital media experience with
respect to misinformation warrants further investigation.

We agree that the voice of health care professionals will play
an important role in ensuring that our patients receive accurate
medical information. Although some suggestions for combating
medical information have been previously proposed [10,11], it
will be important as a medical community to develop

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |e39450 | p.288https://pediatrics.jmir.org/2022/2/e39450
(page number not for citation purposes)

Perkins & SawickiJMIR PEDIATRICS AND PARENTING

XSL•FO
RenderX

mailto:ryan.perkins@childrens.harvard.edu
http://www.jmir.org/2022/2/e34457/
http://www.jmir.org/2021/3/e25014/
http://dx.doi.org/10.2196/39450
http://www.w3.org/Style/XSL
http://www.renderx.com/


frameworks for addressing misinformation. Further
investigations are needed to better characterize such activities

in the future.
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Abstract

Background: Any delays in language development may affect learning, profoundly influencing personal, social, and professional
trajectories. The effectiveness of the Sign 4 Big Feelings (S4BF) intervention was investigated by measuring changes in early
years outcomes (EYOs) after a 3-month period.

Objective: This study aims to determine whether children’s well-being and EYOs significantly improve (beyond typical,
expected development) after the S4BF intervention period and whether there are differences between boys and girls in progress
achieved.

Methods: An evaluation of the S4BF intervention was conducted with 111 preschool-age children in early years settings in
Luton, United Kingdom. Listening, speaking, understanding, and managing feelings and behavior, in addition to the Leuven
well-being scale, were assessed in a quasi-experimental study design to measure pre- and postintervention outcomes.

Results: Statistically and clinically significant differences were found for each of the 7 pre- and postmeasures evaluated: words
understood and spoken, well-being scores, and the 4 EYO domains. Gender differences were negligible in all analyses.

Conclusions: Children of all abilities may benefit considerably from S4BF, but a language-based intervention of this nature
may be transformational for children who are behind developmentally, with English as an additional language, or of lower
socioeconomic status.

Trial Registration: ISRCTN Registry ISRCTN42025531; https://doi.org/10.1186/ISRCTN42025531

(JMIR Pediatr Parent 2022;5(2):e25086)   doi:10.2196/25086

KEYWORDS

language development; sign language; early years outcomes; well-being

Introduction

Background
Any delays in language development may affect speech and
learning, profoundly influencing personal, social, and
professional trajectories. The role of social interaction and
gesturing in cognitive development is paramount [1].
Socioemotional development is increasingly acknowledged as
important for future life opportunities. Effective mastery of
social and emotional skills supports the attainment of key life
outcomes such as good health and social well-being, educational
attainment and employment, and the avoidance of behavioral

and social difficulties [2], especially in the context of increasing
concern about children’s mental health and well-being [3,4].
Gesturing has been proposed as a therapeutic communication
tool to help children express emotions and construct an
understanding of their own internal states [5].

Goodman et al [6] linked social, emotional, and cognitive skills
recorded in the British Cohort Study from children born in 1970
aged 10 years with their experiences 32 years later. Developing
a good range of cognitive, social, and emotional
skills—including good emotional well-being, self-regulation,
and a sense of self-efficacy—in childhood is important for
success in adult life. Moreover, psychological problems
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experienced in childhood affect the ability to work in adulthood
and impair earning power, marital stability, and intergenerational
and within-generation social mobility [7]. In terms of ensuring
school readiness, it is argued that developing preschool
children’s socioemotional skills as well as language skills help
them adjust to primary school. This is argued as particularly
important for at-risk children as a way of ensuring school
readiness [8].

Evidence for Effectiveness of Sign Language and
Gesturing in Children
Research on the benefits of sign language for hearing children
spans a range of ages. Góngora and Farkas [9] reported how an
infant sign-language program with babies aged between 5 and
9 months increased visual and tactile interactions and the
likelihood of vocal interactions compared with mother-infant
dyad control groups. However, this was a small sample of 14
children with mothers from middle to higher socioeconomic
status. Children as young as 12 months were reported to be able
to comprehend communicative intentions behind gestures [10],
and Vigliocco et al [11] found that preverbal children who have
an understanding of both gesture and word combinations then
go on to acquire the equivalent word combinations. In other
words, gestures come before verbal speech. This is also argued
in research investigating the relationship between motor and
language development, in that infants practice with motor skills
first—gestures—as a precursor to using new vocabulary [12].
In the late 1990s, Felzer [13] reported that hearing preschool
children retained far more words and phonetic sounds using a
multisensory approach by learning to read by seeing, hearing,
saying, and signing words. Gesturing in particular was tested
by Cook and Goldin-Meadow [14] during teaching, which in
turn encouraged children to mirror gestures, increasing
engagement and interaction, thereby enhancing learning.

School-based research has shown that teachers who use sign
language with young hearing children significantly increased
their vocabularies compared with children taught conventionally.
These positive effects were sustained through the following
kindergarten year [15]. A later study by the same researcher
used American Sign Language with hearing children and
reported that they had made significant progress in vocabulary
[16]. In terms of specific academic subjects, children who
observed gestures while learning mathematics performed better
than a matched control group who received verbal instruction
only [17]. In terms of longitudinal evidence, Rowe and
Goldin-Meadow [18] reported that the gestures children make
at 18 months can predict later language learning. They found
that gestures used at 18 months predicted vocabulary at 42
months, and gestures and speech combinations conveying
sentence-like constructs at 18 months predicted sentence
complexity at 42 months.

With respect to the neuroscientific evidence, brain scanning
studies have shown that the same areas of the brain are activated
for symbolic gestures, signs, and words, and gestures conveying
meaning will activate these parts of the brain, thus making
learning new words easier [19,20]. The sensorimotor
stage—birth to 2 years—extends from birth to early language
development [21]. Children gradually construct knowledge by

coordinating their vision and hearing with physical interactions.
In the preoperational stage (2-7 years), children can think
symbolically, and a gesture can stand for something other than
simply moving hands. As the understanding of brain function
has advanced through theories such as embodied cognition [22],
cognitive processes have been linked to our physical interactions
with the world and the idea that signing and gestures may
facilitate learning.

Although there is a great deal of research on the positive effects
of signing and gesturing, there is also evidence to the contrary.
A randomized controlled trial on the effects of signing on infant
language reported no acceleration in linguistic development;
however, mothers were more responsive to their child’s
nonverbal cues [23]. Concerns have also been raised about
whether gesturing actually hampers language development in
preverbal children. However, Goodwyn et al [24] reported that
symbolic gesturing does not hamper verbal development and
may encourage it.

Sign 4 Program, Luton, United Kingdom
Luton is a large town situated in the county of Bedfordshire and
50 km northwest of London. It is 1 of 3 White British minority
towns in the United Kingdom, extremely ethnically diverse
because of high rates of international immigration and a greater
number of people moving from London boroughs to Luton
because of changes in benefit entitlements. Nearly one-third of
children in Luton live in poverty (28.5%) [25]. More than a
quarter of children are classified as obese (25.9%), and levels
of General Certificate of Secondary Education (GCSE)
attainment are worse than average for England overall. The
dental decay rates in 5-year-olds in Luton (36.8%) are
significantly higher than the England average [26]. Luton has
a sizable transient, vulnerable population, with many families
living in temporary accommodation. It is estimated that between
30% and 50% of the population were either not born or not
living in Luton at the time of the 2011 census [27].

Consequently, multiple languages are spoken, and the number
of primary school pupils with English as an additional language
(EAL) now outnumbers English-speaking pupils [28]. To meet
these challenges, Luton Borough Council (LBC) formulated an
early help strategy to support stakeholders in a coordinated way
[28]. LBC funds Flying Start, an organization dedicated to
improving early years outcomes (EYOs) through support,
programs, and services [29]. Sign 4 Big Feelings (S4BF) is one
of many interventions funded by Flying Start [30].

This study investigates the effectiveness of the S4BF
intervention following initial pilot data reporting accelerated
progress in preschool children. Four interventions have been
identified for evaluation, of which S4BF is one [31-36]. We
examine its impact with an analysis of pre- and postoutcome
data collected from Luton settings. The aims of this study are
as follows:

• Do EYOs significantly improve (beyond typical, expected
development) after using the S4BF program?

• Is there a statistically significant relationship between EYO
domains (listening and attention, feelings and behavior,
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speaking, and understanding), EYO domains and children’s
age, and the Leuven well-being scale?

• Does children’s well-being improve after the S4BF
intervention period?

• To what extent does gender play a role in any progress
made?

Methods

Ethics Approval and Consent to Participate
This study was approved by the University of Bedfordshire
research ethics committee (UREC104) on April 10, 2017.
Written consent was obtained from the parents.

Availability of Data and Materials
The data sets used and analyzed during this study are available
from the corresponding author upon reasonable request.

Participants
Data from 111 children were collected. Boys outnumbered girls
(60/111, 54% and 48/111, 43.2%, respectively; 3/111, 3%
unknown), just over a third of children had English as a second
language (37/111. 33.3%), and just over one-fifth had funded
preschool places (25/111, 22.5%; Table 1). At the start of the
study, the mean age of the children was 39 (SD 10.81) months,
but the ages ranged from 21 to 71 months. A total of 110
wordlists (words understood and spoken pre- and
postintervention), 91 EYO assessments (pre- and
postintervention), and 48 Leuven well-being scales (pre- and
postintervention) were completed.

Table 1. Children by age, gender, English as an additional language, and funded 2 status (N=111).

ValuesCharacteristics

Gender, n (%)

60 (54.1)Male

48 (43.2)Female

3 (2.7)Unknown

EALa status, n (%)

37 (33.3)EAL-yes

45 (40.5)EAL-no

28 (25.2)Unknown

Funding status, n (%)

25 (22.5)Funded 2 yes

82 (73.9)Funded 2 no

3 (3.6)Unknown

Age (months), mean (SD; range)

39.44 (10.81; 21-71)January

42.65 (11.11; 44-75)March

aEAL: English as an additional language.

The S4BF intervention was delivered by childminders or early
years practitioners trained as designated safeguarding officers
(DSOs) overseeing preschool-age children in early years settings
across Luton. Registered childminders provide childcare to
young children in their own homes and must meet a range of
statutory requirements set out by the Office for Standards in
Education, Children’s Services and Skills and LBC, such as
safety standards and rules regarding care. DSOs are early years
practitioners working in private, voluntary, or independent
nursery settings. Their role is to keep abreast of relevant
legislation, remain up-to-date with training related to
safeguarding issues, and consequently be able to identify any
sign of abuse, maltreatment, neglect, or distress in preschool
children.

Recruitment
Childminders and DSOs attend termly meetings held by LBC
for briefings and changes in legislation and training. A slot was
organized for the head of S4BF and the sign language trainer
to give a presentation on S4BF, followed by a demonstration,
hand out of S4BF books and dolls, and time for childminders
and DSOs to practice the stories and sign among themselves.
If childminders and DSOs were responsible for children aged
2 to 5 years and happy to participate, a memorandum of
understanding was given with instructions on how to complete
forms to monitor progress before and 3 months after S4BF,
when outcome forms would be returned for analysis. Forms
required childminders and DSOs to record EYOs in listening
and attention, understanding, speaking, and managing feelings
and behavior.
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Data Collection
Childminders and DSOs were asked to choose 2 children to
monitor for the study period and collect and submit data at the
beginning and end of the term. Where possible, these children
were to have lower levels of expected development in
communication and language and concerns about well-being
as they were viewed as able to benefit most from the S4BF
intervention. Part of the data collection was a statutory
requirement, that is, the submission of EYO scores to monitor
development and 2 additional forms per child completed as part
of the evaluation: the number of words understood and spoken
and the Leuven well-being scale. As DSOs work in nursery
settings, they have a number of children of varying abilities and
circumstances to monitor. However, childminders have a more
limited scope as they usually care for between 1 and 3 children.
Childminders and DSOs were briefed on how to complete and
submit the forms as part of the termly meetings (see the
Recruitment section above). As forms were submitted to the
research project, they were checked to ensure that any queries
could be addressed by settings and resolved as quickly as
possible.

Outcome Measures
Practitioners were already familiar with EYO scales to monitor
early years’ progress as they typically record this information
every term. Children are assigned to age bands (ie, 24-30 months
and 32-40 months), which are then subdivided into c=low,
b=secure, and a=high to rate the level of attainment within each
age band. Practitioners rate children on their ability; therefore,
a child’s chronological age may not reflect where they are placed
on the EYO scale. Children are expected to move up 1 level per
term; for example, 16-22c (low) to 16-22b (secure), which
represents expected progress.

Two further measures were collected: the number of words (1)
understood and (2) spoken out of 16 keywords featured in the
S4BF storybook (happy, sad, why, because, quiet, hiding, crying,
excited, frightened, dangerous, safe, worried, secret, shouting,
noisy, and proud) and the Leuven well-being scale (for
childminders and DSOs to fill in if they were trained to do so).
A total of 2 Leuven scales exist for well-being and involvement,
respectively. For the purpose of this study, the Leuven
well-being scale was used [37,38] because it is commonly used
by early years professionals in Luton. The Leuven scales were
developed in part because it was hypothesized that where there
are consistently low levels of well-being and involvement, it is
likely that a child’s development will be compromised [39,40].
The Leuven scale allows early years practitioners to place each
child on a 5-point well-being scale ranging from 1 (extremely
low) to 5 (extremely high), with clear definitions at each point
for practitioners to judge against; training in the use of the scales
is also routinely provided for Luton’s early years’ workforce.

Further information was collected on children’s gender, age in
months, whether EAL, and whether they have funded early
years status (funded 2), which was used as a marker of
deprivation.

Research Design
A quasi-experimental design was used in this study. Data were
collected pre- and postintervention from childminders and DSOs
in Luton. Where possible, the children assessed were those with
lower levels of expected development in communication and
language and those subject to concerns about well-being because
they would benefit the most from the S4BF intervention.

Statistical Tests
A paired sample 2-tailed t test was used to measure the progress
made by children, comparing EYO scores collected at the
beginning and end of the school term, to determine whether the
progress was significant. A correlation analysis was performed
to determine any positive and statistically significant
relationships between the variables under study. An analysis of
covariance (ANCOVA) was conducted on the mean EYO scores
to determine the level of progress achieved by preschool children
when controlling for age.

Sign 4 Big Feelings Intervention
The S4BF intervention was developed to address gaps of
attainment in preschool children. Such gaps were identified by
looking at routinely collected early years data to monitor the
progress of children across Luton. S4BF uses books depicting
children experiencing different emotions and accompanying
dolls to act out how the characters feel. Early years practitioners
read books to children regularly at storytimes using simple sign
language to convey the emotions of the characters in the story
and encourage children to copy the signs and repeat the words
the signs convey (“Ishan feels really safe. Why does he feel
safe? Because he’s having a bedtime story;” “Izzy is sad. Why
is she sad? Because the television is broken”).

The intervention was designed to help preschool children to
communicate more effectively, express emotions constructively,
and learn linking words such as because and why to use complex
sentences to explain the reasons behind behaviors. S4BF was
designed to provide young children with a range of vocabulary
to convey how they feel and an opportunity to talk with a trusted
adult about events they may find frightening or difficult, such
as family conflict or domestic abuse. The intervention was
intended to help children 3-fold: improve speech and vocabulary
with stories and accompanying sign language, help them name
and tame their emotions rather than act out with difficult or
destructive behavior, and help early years practitioners in
identifying any safeguarding issues that may arise by talking
about the emotions depicted in the S4BF book. Textbox 1 shows
the theory of change to illustrate the progression from S4BF
outputs and activities to short- and long-term outcomes.
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Textbox 1. Theory of change: use of a sign-language intervention to improve early years outcomes in preschool children.

Outputs

• Funding (by local government) and development of sign-language program to improve communication via speech and language development
through:

• Sign language to reinforce keywords with accompanying gestures and facial expressions

• Stories to reflect different social situations

• Repetition of stories and use of signs during interactions during the school day

• Production of Sign 4 Big Feelings books and dolls

Activities

• Training sessions with early years practitioners in the Sign 4 Big Feelings program

• Early years practitioners read Sign 4 Big Feelings books and used dolls with children at regular story times throughout the week

• Recording and monitoring of early years outcomes over time to ensure disadvantaged children keep up with national average development and
attainment goals

Short-term outcomes

• Early years practitioners are trained in key sign-language skills

• Accelerated improvements in key early years outcomes:

• Listening and attention

• Understanding

• Speaking

• Managing feelings and behavior

• Significant improvements in:

• Number of words spoken and understood

• Well-being

• Narrowing the gap in attainment with peers before starting primary school for those children who are developmentally behind

Longer-term outcomes

• Early years practitioners can use their sign-language skills with future cohorts of children

• Early years settings appreciate long-term benefits of the use of sign-language intervention to improve early years outcomes and embed as part
of long-term provision

• Improved educational attainment, social skills, and employment prospects, leading to a better quality of adult life and better health

Results

Overview
Table 2 summarizes the S4BF data set. Although 111 children
took part in the evaluation of S4BFs, some measures were
incomplete.

In total, 48 Leuven Scales (pre- and postintervention), 91 EYO
assessments (pre- and postintervention), and 110 word lists
(words understood and spoken pre- and postintervention) were
completed. Baseline data were collected in November 2016,
and follow-up data were collected 3 months later, from February
to March 2017.
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Table 2. Summary of the Sign 4 Big Feelings data set (N=111).

MaximumMinimumRangeMean (SD)Missing, n (%)Valid, n (%)Outcome

January

160166.30 (4.04)1 (0.9)110 (99.1)Words understood

160164.10 (3.93)1 (0.9)110 (99.1)Words said

5142.89 (1.05)63 (57)48 (43)Leuven

154119.06 (2.45)20 (18)91 (82)EYOa listening and attention

152138.83 (2.62)20 (18)91 (82)EYO understanding

151147.94 (2.96)20 (18)91 (82)EYO speaking

144108.71 (2.31)20 (18)91 (82)EYO feelings and behavior

March

1631311.41 (3.57)1 (0.9)110 (99.1)Words understood

160169.60 (4.44)1 (0.9)110 (99.1)Words said

5233.97 (0.73)63 (57)48 (43)Leuven

1861211.02 (2.44)20 (18)91 (82)EYO listening and attention

1851310.77 (2.45)20 (18)91 (82)EYO understanding

1841410.25 (2.69)20 (18)91 (82)EYO speaking

1761110.69 (2.27)20 (18)91 (82)EYO feelings and behavior

aEYO: early years outcome.

Analysis
In addition to descriptive statistics, a number of tests were used:
a within samples t test, correlations, ANCOVAs, and
multivariate analysis of covariance.

Paired Sample t Test
A paired sample t test was conducted to establish any
statistically significant difference between the pre- and
post-S4BF intervention after checking that the data were within
the normal distribution (Table 3). There was a statistically
significant difference in the mean scores for each of the 7 pre-
and postpairs tested. For mean words understood by children,
a paired-samples t test indicated that scores were significantly
higher in March (mean 11.41, SD 3.57) than in January (mean
6.3, SD 4.04; t109=16.4; P<.001; Cohen d=1.56). Mean words
spoken were significantly higher in March (mean 9.6, SD 4.44)

than in January (mean 4.11, SD 3.93; t109=15.55; P<.001; Cohen
d=1.38). The Leuven well-being scores were significantly higher
in March (mean 3.98, SD 0.73) than in January (mean 2.89, SD
1.05; t47=9.78; P<.001; Cohen d=1.42). The EYO listening and
attention was significantly higher in March (mean 11.0, SD
2.45) than in January (mean 9.06, SD 2.45; t90=12.46; P<.001;
Cohen d=1.3).

The EYO understanding was significantly higher in March
(mean 10.75, SD 2.45) than in January (mean 8.83, SD 2.62;
t90=11.64; P<.001; Cohen d=1.2). The EYO speaking was
significantly higher in March (mean 10.25, SD 2.69) than in
January (mean 7.94, SD 2.96; t90=11.27; P<.001; Cohen
d=1.17). The EYO feelings and behavior were significantly
higher in March (mean 10.69, SD 2.27) than in January (mean
8.71, SD 2.31; t90=11.9; P<.001; Cohen d=1.24).

Table 3. Paired-samples t test results.

P values (2-tailed)t test (df)Paired differencesPairs

95% CI of the differenceSE meanMean (SD)

<.001−16.43 (109)−5.73 to −4.500.31−5.11 (3.26)1. Words Jan under–words Mar under

<.001−15.55 (109)−6.19 to −4.790.35−5.49 (3.70)2. Words Jan say–words Mar say

<.001−9.78 (47)−1.30 to −0.860.11−1.08 (0.76)3. Leuven Jan–Leuven Mar

<.001−12.46 (90)−2.26 to −1.640.15−1.95 (1.49)4. EYOa Jan list and att–EYO Mar list and att

<.001−11.46 (90)−2.25 to −1.590.16−1.92 (1.60)5. EYO Jan under–EYO Mar under

<.001−11.27 (90)−2.71 to −1.900.20−2.30 (1.95)6. EYO Jan speak–EYO Mar speak

<.001−11.91 (90)−2.30 to −1.640.16−1.97 (1.58)7. EYO Jan feel and beh–EYO Mar feel and beh

aEYO: early years outcome.
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Correlations
A correlation analysis was undertaken for children’s age, EYOs,
and Leuven well-being scales (Table 4). There was a positive,
statistically significant relationship between age and the EYO
of listening and attention Pearson r91=0.56, P<.001; age and
EYO for understanding, Pearson r91=0.57, P<.001; age and
EYO for speaking, Pearson r91=0.49, P<.001; and age and EYO
for feelings and behavior, Pearson r91=0.51, P<.001. A strong

positive, statistically significant relationship was also found
between each of the EYOs; for example, EYOs for listening
and attention and understanding, Pearson r91=0.90, P<.001, and
between feelings and behavior and speaking, Pearson r91=0.83,
P<.001. A positive, statistically significant relationship was
found between the Leuven well-being scores and all the EYO
domains, the strongest of which was with speaking, Pearson
r44=0.51, P<.001.

Table 4. Correlations between age, early years outcomes, and Leuven scales.

EYO March feelings
and behavior

EYO March
speaking

EYO March

understanding
EYOa March listening
and attention

Age March

Age March

0.51b0.49b0.57b0.56b1Pearson correlation

0.000.000.000.00N/AcSignificance (2-tailed)

91919191110n

EYO March listening and attention

0.87b0.87b0.90bN/AN/APearson correlation

0.000.000.00N/AN/ASignificance (2-tailed)

919191N/AN/An

EYO March understanding

0.82b0.85bN/AN/AN/APearson correlation

0.000.00N/AN/AN/ASignificance (2-tailed)

9191N/AN/AN/An

EYO March speaking

0.83bN/AN/AN/AN/APearson correlation

0.00N/AN/AN/AN/ASignificance (2-tailed)

91N/AN/AN/AN/An

Leuven March

0.50b0.58b0.52b0.48bN/APearson correlation

0.000.000.000.00N/ASignificance (2-tailed)

N/AN/AN/A44N/An

aEYO: early years outcome.
bCorrelation significant at the 0.01 level (2-tailed).
cN/A: not applicable.

EYO Progress, Gender, English as an Additional
Language, Funded 2 Status, and Well-being
Although there was no difference in gender in terms of progress,
children with EAL accomplished nearly 4 steps in EYO stages
(boys 3.7 steps, girls 3.8), whereas non-EAL children
accomplished 2 steps (both boys and girls progressed 2.2 steps).
Expected progress per term (3 months) is one step.

Gender differences were marginal, with funded 2 girls making
slightly more progress than boys (girls 4.4 steps and boys 3.9)
and nonfunded boys making slightly more progress than
nonfunded girls (boys 2.6 steps, girls 2.4 steps). Overall,
children who had funded 2 status progressed just over 4 steps

(4.15) compared with nonfunded children who progressed 2.5
steps. In terms of well-being, children were assessed on the
Leuven scale pre- and postintervention in January and March.
At baseline, most children were put at level 3 (moderate, 46%),
and at level 4 (high, 54%) postintervention, showing an overall
shift of the sample higher up the Leuven well-being scale.

Analysis of Variance
An analysis of variance was conducted on the S4BF data set
(Table 5). A 3×2 within-group ANCOVA was run on the means
of the EYO scores as the scores correlated with one another.
The ANCOVA conducted with mean EYO scores (mean 10.73,
SD 2.33) showed that the main effect of EYOs was statistically
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significant throughout time when controlling for age (F1,89=4.89,
P=.03; partial η 0.58; 39.33, SD 10.81). There was a statistically
significant interaction between EYOs (mean 10.73, SD 2.33)
and age (F1,89=6.18, P=.01; partial η 0.72; mean 39.33, SD
10.81). There was a statistically significant interaction between
EYOs (mean 10.73, SD 2.33) and EAL (F1,89=8.48, P=.005;

partial η 0.09; mean 4.33, SD 2.29). There was another
statistically significant interaction in the ANCOVA test between
EYOs (mean 10.73, SD 2.33) and funded 2 status (F1,89=10.65,
P=.002; partial η 0.11; mean 10.84, SD 2.29). No statistically
significant interaction was found between EYOs and gender or
between combinations of the aforementioned variables.

Table 5. Analysis of covariance with mean EYOa scores.

Partial η squaredSignificanceF (df)Mean squareType III sum of squaresTests of within-subjects effects

0.0580.0304.895 (1)4.0114.011EYO

0.0720.0156.183 (1)5.0665.066EYO×age_Jan

0.0000.9070.014 (1)0.0110.011EYO×gender

0.0960.0058.488 (1)6.9556.955EYO×EALb

0.1170.00210.651 (1)8.7268.726EYO×funded 2

0.0000.9220.010 (1)0.0080.008EYO×gender×EAL

0.0030.6150.255 (1)0.2090.209EYO×gender×funded 2

0.0000.9970.000 (1)0.0000.000EYO×EAL×funded 2

0.0000.8910.019 (1)0.0160.016EYO×gender×EAL×funded 2

aEYO: early years outcome.
bEAL: English as an additional language.

Statistical Significance and Clinical Significance: EYO
Scores
The previous section has shown that children made statistically
significant progress in their EYO scores. Children are expected
to progress by 1 EYO level per term, but to what extent have
children progressed further than this? Further inspection of the
data showed that children cared for by childminders showed
considerably less progress (1.4 steps) compared with the EYO
results reported by DSOs (3.6 steps).

Control Data
Control data collected from the same academic year records
average progress of preschool children throughout 2 terms.
Table 6 shows that children made 1 or 2 steps progress in each
EYO domain. Children are expected to progress 1 step in each
term. Therefore, data collected from these settings show that
below-expected progress was made in listening and attention
and speaking (1 step throughout 2 terms), and expected progress
was made in understanding and managing feelings and behavior
(2 steps throughout 2 terms).

Table 6. Control data: average steps progress of children throughout 2 school terms.

Spring term 2, n (%)Autumn term 1, n (%)EYOa domain

Steps progressAboveAtBelowTotal
pupils

AboveAtBelowTotal
pupils

1179
(35.9)

189 (38)130 (26.1)498 (100)82 (19.9)190 (46)140 (33.9)413 (100)Listening and attention

2150
(30.1)

169 (33.9)179 (35.9)498 (100)75 (18)169 (40.9)169 (40.9)413 (100)Understanding

1130
(26.1)

150 (30.1)220 (44.2)498 (100)56 (13.9)162 (40)186 (46)404 (100)Speaking

2120
(24.1)

189 (38)189 (38)498 (100)47 (11.9)189 (47.9)158 (40.1)394 (100)Managing feelings and
behavior

aEYO: early years outcome.

Discussion

Principal Findings
Statistically significant differences were found for each of the
seven pre- and postmeasures taken: words understood and
spoken, well-being scores, and the 4 EYO domains. Therefore,

children achieved better than expected progress when assessed
at the end of the intervention. Most children in the sample
achieved better than expected progress, with many progressing
multiple steps in EYO attainment.

Positive correlations were found between age and the EYOs of
listening and attention, understanding, speaking, and feelings
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and behavior. A strong, statistically significant relationship was
found between each EYO domain. Therefore, having a high
EYO in one domain was positively associated with having a
high score in another. This is corroborated by early years
professionals, in that one EYO domain underpins another. For
example, if a child is assessed as low in understanding or
speaking, they are unlikely to manage their feelings and behavior
as that involves speaking. A positive, statistically significant
relationship was found between the Leuven well-being scores
and all the EYO domains, the strongest of which was with
speaking. In other words, there was a positive relationship
between well-being and higher EYO scores. Children with EAL
made more progress than native speakers, and those with funded
places made more progress than nonfunded children.

As age was positively correlated with all EYO domains, an
ANCOVA was run with age as a covariate. This showed that
EYO as a main effect was statistically significant throughout
time when controlling for age. There was a statistically
significant interaction between EYO and EAL and between
EYO and funded 2 status. No statistically significant interaction
was found between EYO and gender. Gender differences were
negligible in all analyses undertaken. Considerable variations
in progress were evident when comparing data reported by
childminders and DSOs.

Clinically significant results in EYO scores were shown by
documenting the stages of progress made by children in the
sample. Whereas more than one-quarter of children made
expected progress (by progressing up 1 level), most progressed
more than expected (by 2 stages or more). Although children
reported as having progressed by multiple stages should be
treated with caution, overall, most children in the sample made
better than expected progress in terms of these 4 EYO domains.
Indeed, in the early years, professionals reported seeing rapid
progress in children if they were engaged in learning.

In summary, the statistical tests show us that the children made
significant progress in terms of EYOs and words understood
and spoken, even when controlling for the effect of age. By
looking at the number of stages of progress made, we know that
a large proportion of the sample made clinically significant
progress.

Limitations
There was a clear divide in the level of progress reported by
childminders and DSOs. Childminders are likely to care for
children on a part-time basis, which means less contact and
therefore less time to read stories and sign consistently with
children. Childminders seem less supported in that they work
from home compared with DSOs who work within an institution
and consequently have support and input from colleagues. They
also care for smaller groups of children, some of whom may
not have met the study criteria of being below the level of
expected development. A number of childminder forms were
excluded from the sample as insufficient detail was provided
on the EYOs (eg, the age range in months was given, but not
an a-c rating to indicate proficiency within that band or only an
a-c rating without an age band given in months). Childminders
may be less supported as independent businesses than as part
of institutions, and although they were provided training and

guidance on how to use the EYO bands, a proportion were still
unable or unsure how to report them fully. Conversely, there
may have been a positive bias in the results reported by DSOs,
as the progress made by some children seemed so great, moving
many EYO bands further ahead.

A relatively small sample size was achieved; however, we were
interested in studying a subsection of that population,
specifically children below the expected levels of development.
On the basis of the local authority tracking system for EYOs,
a step up the scale per term is judged as typical progress;
however, there is no such thing as the typical child. In fact,
funded 2 children are expected to accelerate progress to catch
up. Early years settings in Luton report that they are getting
better at identifying children who require additional help and
are modifying their approach to better meet educational needs
with interventions such as S4BF. For those children who were
reported to have made less than expected progress, there may
be an undiagnosed special educational need, inconsistent
attendance (2-year-olds are nonstatutory), or change in key
workers as possible explanations. Data on well-being as
measured on the Leuven scale were particularly restricted, as
not all early years practitioners were trained to use them. Scales
are an indicator of progress, but they do not consider each child
as a whole and their personal circumstances.

Childminders and DSOs were asked to incorporate the S4BF
book and doll into their daily routines; however, there were
variations between practitioners and settings regarding the
frequency of use. In particular, childminders commented that
the intervention period was too short to allow for any substantive
change in children. Future studies would benefit from running
across more than 1 term and having larger sample sizes.

An independent assessment of child outcomes would have
strengthened the results. However, staff in early years settings
routinely assess children in terms of EYO progress as an integral
part of their role. Furthermore, it could be argued that staff
working with children on a daily basis would be best placed to
judge the rate, extent, and nuances of children's progress than
an external assessor.

This study has been defined by the progress made by children
rather than final attainment. Further work is required to ascertain
whether the considerable progress that most children in this
sample have made has allowed them to catch up with their peers,
although this approach would benefit from a study tracking
children for longer than 3 months. A longer-term, longitudinal
study tracking children’s educational outcomes up to secondary
school may help understand critical points in development and
where gender differences start to be apparent. It is hoped that
the positive effects reported here will be sustained throughout
time, as with Daniels [15], and have a profound and long-lasting
impact [18].

Previous Research and Theory
Overall, the results reported here contribute to research on the
positive effects of sign language and gesturing for preschool
children [11,12]. Effects of low income on educational outcomes
[41,42] have been reported. The results presented here suggest
that children receiving funding (funded 2) made considerable
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progress. At the very least, interventions such as S4BF
encourage children and early years practitioners to engage with
each other through gestures, eye contact, and facial expressions,
fostering receptive, word-rich environments [43]. It could be
argued that the benefits of interventions successful in promoting
speech, sentences, and acquisition of vocabulary are difficult
to quantify in the sense that children are given the tools to
quickly build upon iteratively, influencing more than educational
attainment. The UK Government has expanded funded preschool
places in recent years, and it is an area where inequalities in
longer-term outcomes can be tackled early on [44].

Children learning a foreign language also face greater challenges
in attainment than their peers [45,46]. The results presented
here from the S4BF intervention suggest that EAL children can
make significant progress beyond expected levels of attainment,
thereby helping them catch up with their peers. Gender did not
appear to have any significant effect on EYOs, wordlists, or
well-being. Any differences between boys and girls are perhaps
less pronounced in the early years in terms of educational
outcomes; however, we know that they become stark by the
time children reach early adulthood [47]. The statutory data
collected in Luton suggest that the gap becomes apparent at
reception age when children are required to write and therefore
have fine motor skills.

Working with Flying Start, LBC, and early years practitioners
to evaluate S4BF has facilitated the cooperation of people
working in settings with the expertise to work closely with
young children. Progress has been measured in multiple

domains: EYOs, word knowledge, and Leuven well-being
scales. EYOs, in particular, are established measures in early
years education and widely used across Luton, allowing
professionals to place children on a reasonably finely grained
scale to monitor their progress on a range of key developmental
domains.

Conclusions
S4BF was designed in part to help children express difficult
emotions, thereby reducing destructive behavior. Most children
in this sample made significant progress in all EYO domains,
not least managing feelings and behavior. This element needs
to be explored further in the forthcoming process study of S4BF.
The wider evaluation of the Sign 4 Program will include the
views of parents [48] and in-depth interviews with early years
professionals. It will also be possible to see if there has been an
increase in safeguarding referrals since the introduction of S4BF.
The evidence presented here suggests that interventions such
as S4BF can benefit preschool children but are particularly
important for children who experience multiple disadvantages.
S4BF was developed because of the worrying gaps in the
attainment of young children in Luton. Such children are starting
at a disadvantage and appear to benefit greatly from this
additional support. Children of all abilities may benefit
considerably from S4BF. However, the intervention may be
transformational for children who are behind developmentally,
with EAL needs or of lower socioeconomic status, and who
require additional support to catch up with their peers to realize
their potential in later life.
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Abstract

Background: Increasingly, mobile apps are being used to promote oral care. Many of them are aimed at children.

Objective: This study aimed to systematically search and evaluate apps that promote oral care and hygiene for children.

Methods: A broad search strategy (13 keywords) was developed to identify apps from Apple’s App Store and the Google Play
Store in April 2019. After reviewing the apps’ titles and summaries, potentially relevant apps were downloaded for viewing. The
quality of the apps that met the inclusion criteria was assessed by the Health on the Net Foundation Code of Conduct (HONcode)
criteria for medical and health websites and the Scientific Basis of Oral Self-care (SBOSC).

Results: More than 3000 Apps were identified and 54 relevant apps informed the review. The quality of the apps according to
the HONcode criteria was generally low. The mean HONcode score was 1.8/8.0. One-quarter of the apps had a HONcode score
of 0 (14/54, 26%). The SBOSC score of the apps was evaluated based on a 6-point scale. The mean SBOSC score was 1.5/6.0;
19% (10/54) of the apps had a score of 0. There was a significant and positive correlation between HONcode and SBOSC scores
(r=0.37; P<.01). More recently uploaded apps had significantly higher HONcode scores (P<.05).

Conclusions: There are many apps aiming to promote oral self-care among children. The quality and scientific basis of these
apps are low. Newer apps are of higher quality in terms of scientific basis. There is a need to ensure high-quality and evidence-based
apps are available. The effectiveness of apps in terms of oral care and clinical outcomes among children needs to be evaluated.

(JMIR Pediatr Parent 2022;5(2):e28238)   doi:10.2196/28238

KEYWORDS

apps; oral health; evidence-based; oral hygiene; children

Introduction

Among all health problems that may be experienced during
childhood, oral disease remains the most common [1]. A
systematic analysis of the global burden of oral diseases has
identified that untreated dental caries (tooth decay) among young
children can cause considerable pain and suffering and impacts

their quality of life, families, and communities [2]. Oral diseases
are multifactorial infectious diseases and dental plaque (bacteria)
plays a key role in their pathogenesis [3]. Thus, in preventing
oral disease, a key focus has been on controlling dental plaque
by improving oral hygiene (ie, toothbrushing) [4]. Cochrane
systematic reviews are leading sources of scientific evidence
to help people (both patients and clinicians) make
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better-informed decisions about their oral care. Several Cochrane
systematic reviews have identified that toothbrushing with
fluoridated toothpaste is the mainstay to prevent dental caries
among children [5,6] and has minimal side effects [7].

Not surprisingly, the practice of toothbrushing is a cornerstone
of oral health promotion activities, particularly among children
[8]. Traditionally, toothbrushing has been promoted through
conventional education programs (eg, lectures, leaflets, and
posters). However, evidence of their effectiveness is
questionable, particularly for long-term behavioral change and
clinical outcomes [9]. Apps are increasingly used in health care
and health informatics in recent years [10-12]. Promising results
have been generated from narrative and systematic searches
and reviews of apps for promoting mental health, physical
health, and lifestyle behaviors [13-16]. In more recent times,
there has been growing recognition of the potential use of apps
for oral health, especially in promoting oral hygiene, and among
children [17,18]. Web-based health information may not be
reliable, and the quality of the knowledge delivered is not
guaranteed to be high. Fallacious information could have a
harmful effect on children using the apps. To date, a systematic
search and review of apps for oral care is lacking, and the quality
and scientific basis of such apps has not been considered. This
study aimed to systematically search for and review apps for
oral care aimed at young children to determine their profile

characteristics, quality, and scientific basis. In addition, this
study aimed to determine the relationship between the quality
and scientific basis of the apps and the association between app
characteristics with quality and scientific basis.

Methods

Data Search Strategy and Identification of Apps
A search of the Apple App Store and Google Play Store was
conducted in April 2019 to identify apps designed for promoting
oral self-care among children. A total of 13 oral self-care–related
keywords were chosen for the search (Table 1). Screenshots of
the titles and descriptions of the apps were obtained and
reviewed to identify potentially relevant apps (first screening).
Criteria for rejection included (1) duplicated apps, (2)
non–English-language apps, (3) non–dental-related and non–oral
health–related apps, and (4) non–oral self-care–related apps
(Figure 1). Potentially relevant apps were downloaded and
reviewed to identify relevant apps to inform the review. Criteria
for rejection include (1) age-inappropriate apps (ie, age not rated
as 3+ or 4+ years), (2) inaccessible apps, (3) apps requiring
pairing with products to use, and (4) non–oral self-care–related
apps (Figure 1). A total of 2 independent assessors conducted
the search and assessments, and agreement was determined
using the Cohen kappa statistic (κ=0.836). Where disagreement
occurred, it was resolved with a third rater.

Table 1. Descriptive information on the apps reviewed (N=54).

Apps, n (%)Category of information

Age rating in years

18 (33)3+

36 (67)4+

Compatibility

18 (33)Android only

36 (67)Apple

Price

42 (78)Free

12 (22)Not free

Star rating

40 (74)≥4

14 (26)<3

Last upload in years

41 (76)≤2

13 (24)>2

Developer

26 (48)Company

28 (52)Individual
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Figure 1. Flowchart for the Apps selection process.

Assessment of Apps (Data Collection)
Profile information (descriptive) on the apps was obtained,
including (1) age rating, (2) compatibility, (3) price, (4) star
rating (rating on app platforms), (4) period of last update, and
(5) developer.

All identified relevant apps were assessed for (1) Health on the
Net Foundation Code of Conduct (HONcode) and (2) Scientific
Basis of Oral Self-care (SBOSC) scores. The HONcode assesses
the reliability and credibility (validity) of medical and health
information on the internet and social media [19]. The 8 criteria
of the HONcode are (1) authority (author credentials and
qualifications), (2) complementarity (information supporting,
but not replacing, patient–health care professional relationships),
(3) privacy (anonymous and confidential use of users’ personal

data), (4) attribution (references to the sources of published
information and when they were last updated), (5) justifiability
(balanced claims supported with references to scientific
information), (6) transparency (contact information of authors
provided), (7) financial disclosure (identifiable funding source),
and (8) advertising policy (details about advertising on the site
and distinction from editorial content). A score for each app
was derived based on the 8 criteria of HONcode (with
information absent scoring 0 and information present scoring
1 for each attribute). HONcode scores could range from 0-8.

The SBOSC was derived from the guidelines of the Childsmile
program for oral self-care [20]. The program was based on the
scientific basis of dental health education. The following 6
factors were considered: (1) choice of toothbrush (size and
bristle), (2) use of fluoride toothpaste (fluoride concentration
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and amount), (3) brushing time (frequency, timing, and
duration), (4) adult supervision, (5) brushing techniques, and
(6) other advice for the prevention of caries. A score for each
app was derived based on the 6 criteria of SBOSC; a score of
0 is assigned when information is absent and a score of 1 is
assigned when information is present. SBOSC scores could
range from 0-6.

Data Analyses
Descriptive statistics were calculated for the app features
(percentage and number). HONcode scores were derived by
summating scores across the 8 criteria, and descriptive statistics
were produced (range, mean, SD, median, and IQR). Likewise,
SBOSC scores were derived by summating scores across the 6
criteria, and descriptive statistics were produced (range, mean,
SD, median, and IQR).

Pearson correlation values between HONcode and SBOSC
scores were determined. Variations in HONcode and SBOSC
scores with respect to app profile characteristics were
determined using the t test for independent samples where
applicable, using SPSS (version 25.0; IBM Corp).

Results

The initial search identified 3252 Apps (1074 from the Apple
App Store and 2344 from the Google Play Store). Among those
identified, approximately one-quarter were duplicates (806/3252,
24.8%), duplicated either within search terms or between
platforms. Also excluded were non–English-language (735),
non–dental-related (743) and non–oral self-care–related (873)
apps. A total of 95 apps were identified as potentially relevant
to inform the review and were downloaded (Figure 1). Following
the review of the downloaded apps, 54 Apps were identified as
relevant to inform the review. Reasons for exclusion included

non–age-specific apps (15), inaccessible (after 3 attempts to
download) apps (15), non–oral self-care–related apps (6), and
apps requiring a product to pair with them (5). A total of 2
independent assessors carried out the search and assessments,
and agreement was determined (κ=0.836).

The profile characteristics of the 54 relevant apps are presented
in Table 1. Approximately two-thirds of the apps were designed
for or targeted children ages 4 years and older (36/54, 67%).
Most apps were available on the Apple platform (34/54, 63%)
and were free of charge (n=42, 78%). Many of the apps were
last updated within the previous 2 years (41/54, 76%) and had
a 4-star rating or higher (n=40, 74%). Approximately one-half
of the apps were uploaded or developed by a company (26/54,
48%).

HONcode scores ranged from 0-8; approximately one-quarter
of apps had a HONcode score of 0 (14/54, 26%) and 4% (n=2)
had the maximum score of 8. The mean HONcode score was
1.8 (SD 2.0) and the median score was 1.0 (IQR 0-2.25). SBOSC
scores ranged from 0-6; 10 (19%) of the 54 apps had a score of
0 and 2 (4%) had the maximum score of 6. The mean SBOSC
score was 1.5 (SD 1.4) and the median score was 1.0 (IQR
1.0-2.0). A summary of HONcode and SBOSC scores is
presented in Table 2. There was a significant and positive
correlation between HONcode scores and SBOSC scores
(r=0.37; P=.006).

Associations of app profile characteristics with both HONcode
and SBOSC scores are presented in Table 3. The target age,
platform compatibility, price (payment), and star rating were
not significantly associated with HONcode scores (P>.05), nor
SBOSC scores (P>.05). The time since the last update was
significantly associated with HONcode scores (P=.04), but not
SBOSC scores (P=.11).
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Table 2. The number of apps meeting the Health on the Net Foundation Code of Conduct (HONcode) and Scientific Basis of Oral Self-care (SBOSC)
criteria (N=54).

Apps, n (%)Assessment tool and criteria

HONcodea

4 (7)Authority

5 (9)Complementarity

11 (20)Privacy

5 (9)Attribution

13 (24)Justifiability

40 (74)Transparency

10 (19)Financial disclosure

8 (15)Advertising policy

SBOSCb

6 (11)Choice of toothbrush

7 (13)Use of fluoride toothpaste

15 (28)Brushing time

2 (4)Adult supervision

44 (81)Brushing technique

5 (9)Other caries prevention advice

aHONcode: Health on the Net Foundation Code of Conduct.
bSBOSC: Scientific Basis of Oral Self-care.
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Table 3. Variation in the mean Health on the Net Foundation Code of Conduct (HONcode) and Scientific Basis of Oral Self-care (SBOSC) scores with
respect to app features (N=54).

P valueSBOSCc score, mean (SD)P valuebHONcodea score, mean (SD)Category

Age rating in years

.261.4 (0.9).791.3 (1.4)3+

1.5 (1.6)2.0 (2.2)4+

Compatibility

.441.3 (0.9).521.5 (1.6)Android only

1.6 (1.6)1.9 (2.2)Apple

Price

.391.4 (1.2).301.9 (2.2)Free

1.8 (1.9)1.3 (1.3)Not free

Star rating

.441.6 (1.5).321.6 (2.0)≥4

1.1 (0.9)2.1 (2.1)<3

Last update in years

.111.5 (1.5).042.3 (0.4)≤2

1.5 (1.1)1.1 (0.5)>2

Producer

.921.8 (1.9).701.4 (1.2)Company

1.8 (2.2)1.5 (1.6)Individual

aHONcode: Health on the Net Foundation Code of Conduct.
bP values are derived from t tests for independent samples.
cScientific Basis of Oral Self-care.

Discussion

Principal Findings
Over 3000 apps designed for oral self-care among children were
identified, and 52 relevant apps informed this review. The
quality and scientific basis of these apps were low. More of the
new apps were of high quality in terms of scientific basis than
older apps.

There has been growing interest in apps promoting general
health care and oral health [12-14,17,18]. To follow a systematic
approach, the search and identification strategy followed
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines as they are widely used in
systematic reviews in the field of dentistry [21]. A broad search
strategy was adopted using a wide range of terms for oral
hygiene performance. This was also employed in previous
systematic reviews, including Cochrane reviews [5-7]. The
search was limited to the main mobile app distribution platforms,
the Apple App Store and Google Play store (Android), but it is
acknowledged that there are other platforms. It was not
surprising to have many duplications among search results
between platforms as the search strategy had overlapping terms
for oral hygiene. Agreement between the 2 independent
assessors was high, and where a disagreement occurred, it was
resolved through discussion among the supervisors. Thus, there
was uniformity in app selection to inform this review.

Most apps were designed for children ages 4 years and older.
The current guidelines recommend toothbrushing as soon as
the first tooth erupts. There is a need for apps to be developed
for a younger age group [20]. It is acknowledged that younger
children may not be able to fully comprehend the content of the
apps. Nonetheless, the apps can familiarize them and introduce
them to the concept of early toothbrushing, as in many other
childhood learning apps. Most apps were available on the Apple
platform. It was a welcome finding to observe that these apps
were mostly free of charge; thus, the potential to use the apps
in health promotion and clinical practice is widespread. The
majority (approximately three-quarters) of apps were rated
4-stars or above, highlighting the positive feedback from app
users.

As previously mentioned, the HONcode is a code of conduct
for medical and health websites (including apps). The criteria
promote the dissemination of accurate health information
through technology and cover 8 principles [19]. In this review,
the HONcode scores of the apps varied considerably, with
approximately one-quarter having a score of 0 (ie, not following
any of the recommendations or guidelines). The overall mean
and median HONcode scores were around one-quarter of the
total possible score, suggesting that there is room for
improvement in enhancing the reliability of app content. The
identified apps, in general, had good transparency (40/54, 74%,
ie, availability of app developer’s contact information).
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However, they had low scores for the following criteria:
authority (4/54, 7%, ie, having credentialed medical or dental
professionals as authors), complementarity (5/54, 9%, ie, stating
information to support, not replace, patient–health care
professional relationships), and attribution (5/54, 9%, ie, using
clear reference sources and indicating when they were last
updated). Among the various app profile characteristics, only
the time of last update was significantly associated with
HONcode scores, in that apps that were uploaded or updated in
the past 2 years had higher HONcode scores than those that
were uploaded or updated more than 2 years ago. A greater
understanding of the need to follow codes of conduct such as
the HONcode when publishing health information on websites
and social media must be advocated for [19].

For rating the scientific basis of the apps in providing oral health
information, the SBOSC, a standardized scale based on 6 criteria
for toothbrushing, was used [20]. The 6 criteria were choice of
toothbrush, use of fluoride toothpaste, brushing time, adult
supervision, brushing technique, and other prevention advice.
The SBOSC scores of the apps also varied considerably, with
nearly 1 in 5 scoring 0 and few fulfilling all the 6 criteria (less
than 1 in 20). The mean and median SBOSC scores were around
one-third of the maximum score. This again highlights the need
for a massive improvement in the scientific basis of the
information provided in apps for oral hygiene.

Interestingly, SBOSC scores and HONcode scores were
significantly and positively correlated, although the strength of
the correlation could best be interpreted as weak to moderate
(r<0.5). Thus, apps with high SBOSC and HONcode scores
should be promoted. Apps should also be evaluated for their
efficacy in enhancing oral hygiene behavior and clinical
outcomes related to oral hygiene. In the future, app platforms
may consider requesting mHONcode certification (which is
HONcode certification specifically for apps) before publishing
health care apps to ensure the dissemination of accurate health
information. Health care authorities should be encouraged to
provide support and funding to professional bodies for
developing high-quality oral self-care apps.

Conclusions
Many apps are available to assist children in adopting oral
hygiene practices. The quality and scientific basis of these apps
are low. App quality is correlated with its scientific basis, though
the strength of the correlation is weak to moderate. Apps updated
or developed in the past 2 years are of higher quality than older
apps, but there is no evidence that the scientific basis of the
apps has improved. There is a need to ensure high-quality and
evidence-based apps are available. Their effectiveness in terms
of promoting proper oral hygiene behaviors and improving oral
health among children should be evaluated.
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Related Article:
 
Correction of: https://pediatrics.jmir.org/2022/1/e27615
 

(JMIR Pediatr Parent 2022;5(2):e38059)   doi:10.2196/38059

In “Effectiveness of Pediatric Teleconsultation to Prevent Skin
Conditions in Infants and Reduce Parenting Stress in Mothers:
Randomized Controlled Trial” [JMIR Pediatr Parent
2022;5(1):e27615] the authors noted two errors.

First, in the Abstract; Results section of the originally published
article the significant difference was reported as follows:

20% vs 33%, P=.03; relative risk ratio, 0.614 [95%
CI 0.406-0.927]

This has been corrected as follows:

20% vs 33%, P=.02; relative risk ratio, 0.709 [95%
CI 0.519-0.969]

Second, in Table 2 of the originally published article the P value
for “Atopic dermatitis” was reported as follows:

P=.03

This has been corrected as follows:

P=.02

The correction will appear in the online version of the paper on
the JMIR Publications website on April 12, 2022, together with
the publication of this correction notice. Because this was made
after submission to PubMed, PubMed Central, and other full-text
repositories, the corrected article has also been resubmitted to
those repositories.
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Related Article:
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(JMIR Pediatr Parent 2022;5(2):e39049)   doi:10.2196/39049

In “Multimedia Knowledge Translation Tools for Parents About
Childhood Heart Failure: Environmental Scan” (JMIR Pediatr
Parent 2022;5(1):e34166) the authors noted one error.

In the originally published paper, Multimedia Appendix 1
contained one incorrect value. In the “Duplicate apps removed
before screening” box, the value was listed as “6”.

In the corrected version of the paper, Multimedia Appendix 1
has been revised as follows:

In the “Duplicate apps removed before screening” box, the value
is listed as “5”. The updated version of Multimedia Appendix
1 is available below.

The correction will appear in the online version of the paper on
the JMIR Publications website on June 21, 2022, together with
the publication of this correction notice. Because this was made
after submission to PubMed, PubMed Central, and other full-text
repositories, the corrected article has also been resubmitted to
those repositories.

 

Multimedia Appendix 1
Corrected version of Multimedia Appendix 1: Screening of apps and web-based tools.
[DOCX File , 40 KB - pediatrics_v5i2e39049_app1.docx ]
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