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Abstract

Background: Theinternet has become an increasingly popular medium for parents to obtain health information. More studies
investigating theimpact of paid digital marketing campaignsfor parents on promoting children’s healthy development are needed.

Objective: This study aimsto 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, therewere 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’'sdevelopment” 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 al 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 devel opmental
monitoring and direct a parent audience to an mHealth app. Digital marketing platforms provide helpful metrics that can be used
to assessthe reach, engagement, and cost-effectiveness of thiseffort. The resultsfrom this study suggest that paid digital marketing
can be an effective strategy and can inform future digital marketing activitiesto promote mHeal th apps targeting parents of young
children.

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

Background

Anestimated 1in 6 childrenin the United States has adiagnosed
developmenta 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 aresponse, the Centers for Disease Control
and Prevention (CDC) devel oped the Learnthe Sgns. Act Early.
program, which aims to improve early identification of
developmental delays and disabilities by facilitating
parent-engaged devel opmental 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 asmartphonein 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 Sgns. 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 devel opmental
progress, sends notifications to parents about their child’'s
progress, and encourages parentsto share any potential concerns
with their child’s physician, a critica step toward early
identification and connection with intervention services and
supports.

Although traditional promotion using brochures and flyershave
supported the promotion of the CDC’s Milestone Tracker app
for afew years, thereis 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
30to 35 yearswere found to actively usetheinternet 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

[71.

The internet offers ample opportunities for promoting public
health messagesfor many audiences, including parents of young
children. There are easy-to-use digital marketing platformssuch
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

https://pediatrics,jmir.org/2022/2/e34425

marketers. Intheir effortsto only serve the most val uable 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
newsfeed or the page’ stimeline 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 sizesto obtain acomprehensive 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 newsfeed 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. Aspaid digital marketing plays
an increasingly important role in reaching large audiences on
the web, the need for more studies examining the effectiveness
of such strategiesin 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'sUAC

Google's UAC is apaid 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 appsin 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 M anager

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

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 [e34425 | p.5
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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 avail ability 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, Sgamos €l
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 Headlth
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

https://pediatrics,jmir.org/2022/2/e34425
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message included 1 graphic (series of 2-3 rotating images
[carousdl], animated graphicsinterchangeformat [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 callsto 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
copiesand 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 copiesand 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), aswell
as 35 Spanish versions, including 5 sets of copiesand 7 graphics
(n=1, 14% carousdl; 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
inthe previous phases. All content was devel oped and reviewed
by communications speciaists a8 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.
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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
[20]. For instance, the marketing messageswere served to users
who searched keywords on children’s devel opment.

https://pediatrics.,jmir.org/2022/2/e34425
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RenderX

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 messageswere only served on Android devicesusing
English and Android devicesusing Spanish, whichisalimitation
of the study.

On Facebook, the audience parametersfor marketing messages
were set for parents in the United States aged 18 to 45 years
with young children aged <5 years. Thisincluded thefollowing
Facebook audience categories: parents of newborn babies, new
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parents (0-12 months), parents with toddlers (1-2 years), and
parentswith preschoolers (3-5 years). Separate setswere created
for English- and Spani sh-speaking parents. Marketing messages
weredistributed to four types of devices: Android devicesusing
English, Android devices using Spanish, iOS devices using
English, and iOS devices using Spanish. Therefore, when auser
clicked on a marketing message, they were directed to either

Textbox 1. Definitions of digital marketing metrics.

Arshanapally et al

the Google Play Storeor Apple’'sApp Store, depending ontheir
devicetype.

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 metricsin Textbox 1.

Metric and definition

« Impressions

e Click

«  Click-through rate

o Cost per click

. Install

«  Downloads of the CDC's Milestone Tracker app

. Install rate

o  Cost perinstal

«  Number of timesapaid digital marketing message is served to a user (includes repeat exposures)

« 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

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

« Total cost of the paid digital marketing campaign divided by the number of clicks on apaid digital marketing message

»  Total number of installations of the CDC’s Milestone Tracker app divided by thetotal number of clickson the paid digital marketing message

« 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 messageswere 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. Asthe 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

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

https://pediatrics,jmir.org/2022/2/e34425

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

Results

Impressions

Across al 3 phases, Google-driven marketing messages
generated atotal of 4,879,722 impressions, and Facebook-driven
marketing messages generated 2,434,320 impressions. |n phase
3, the CDC manually allocated more of the Facebook budget
toward Spanish-speaking audiences as the Campaign Budget
Optimization feature was alocating 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.

Campaign phases

Impressions, n (%)

Phase 1 (2018)
Google?
English 982,568 (20.14)
Facebook
English 626,382 (25.73)
Phase 2 (2019)
Google?
English 676,628 (13.87)
Spanish 1,009,547 (20.68)
Total 1,686,175 (34.55)
Facebook
English 444,658 (18.27)
Spanish 217,465 (8.93)
Total 662,123 (27.2)
Phase 3 (2020)
Google?
English 332,054 (6.8)
Spanish 1,878,925 (38.5)
Total 2,210,979 (45.31)
Facebook
English 541,894 (22.26)
Spanish 603,921 (24.81)
Total 1,145,815 (47.07)

3For Google, the messages were only served on Android devices, not Apple devices, because of atracking pixel needed to share data between Google
and Apple.

. Display Network, and YouTube properties, most of the
Cli (.:ks and CTR . _ impressions, clicks, and installswere driven by Google Display
During the campaign, the Google-driven marketing messages  Network in all 3 phases (Table 3). In all 3 phases, the English

were clicked a total of 73,956 times (CTR 1.52%; Table 2). messages had a higher CTR than the Spanish messages.
Although they were displayed across Google Search, Google
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Table 2. Clicks, CTRab, and CPC%Y metrics from Google- (N=73,956) and Facebook-driven (N=44,698) marketing messages.
Campaign phases Clicks, n (%) CTR (%) CPC (US9$)
Phase 1 (2018)
Google®
English 19,782 (26.75) 2.01 0.20
Facebook
English 11,822 (26.45) 1.89 0.30
Phase 2 (2019)
Google®
English 16,284 (22.02) 2.41 0.18
Spanish 18,138 (24.53) 1.80 0.12
Total 34,422 (46.54) 2.04 0.15
Facebook
English 9711 (21.73) 2.18 0.34
Spanish 3595 (8.04) 1.65 0.34
Total 13,306 (29.77) 2.01 0.34
Phase 3 (2020)
Google®
English 8262 (11.17) 2.49 0.23
Spanish 11,490 (15.54) 0.61 0.16
Total 19,752 (26.71) 0.89 0.19
Facebook
English 11,820 (26.44) 2.18 0.14
Spanish 7750 (17.34) 1.28 0.15
Total 19,750 (44.19) 171 0.19

8CTR: click-through rate.

bTotal number of clicks on the paid digital marketing message divided by the total number of impressions.

SCPC: cost per click.

Hotal cost of the paid digital marketing campaign divided by the number of clicks on a marketing message.

€For 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.
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Table 3. Metrics? for Google-driven marketing messages by Google platform placement.

Placements Impressions (N=4,879,722), n (%) Clicks (N=73,956), n (%) CTR? (%) Installs (N=13,707), n (%)
Phase 1 (2018)
Google Search 20,236 (0.41) 1542 (2.09) 7.62 671 (4.9)
Google Display Network 962,257 (19.72) 18,226 (24.64) 1.89 2669 (19.47)
YouTube 75 (0) 14 (0.01) 18.67 0(0)
Total 982,568 (20.14) 19,782 (26.75) 2.01 3340 (24.37)
Phase 2 (2019)
Google Search 12,506 (0.26) 1027 (1.39) 8.21 442 (3.22)
Google Display Network 1,672,818 (34.28) 33,376 (45.13) 2.00 4218 (30.77)
YouTube 851 (0.02) 19 (0.03) 2.23 2(0.01)
Total 1,686,175 (34.55) 34,422 (46.54) 2.04 4662 (34.01)
Phase 3 (2020)
Google Search 18,828 (0.39) 1389 (1.88) 7.38 613 (4.47)
Google Display Network 2,191,913 (44.92) 18,357 (24.82) 0.84 5091 (37.14)
YouTube 238 (0) 6 (0.01) 2.52 1(0.01)
Total 2,210,979 (45.31) 19,752 (26.71) 0.89 5705 (41.62)

8Cost per click and cost per install metrics were not included. Google's optimization features all ocated varying amounts of the budget to each placement.

Thus, individualized cost metrics could not be calculated.
BCTR: dli ck-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 al 3 phases, the animated
GIFsin 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 madeit the top-performing image

Table 4. Campaign budget breakdown.

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 al 3 phases, the Google-driven marketing messages, on
average, cost atotal 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
atota of US$0.26 per click (CPC). They improved in efficiency
fromphase2to 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).

Phases Google (US $) Facebook (US $)
Phase 1 (June 6 to July 28, 2018) 4000 3500
Phase 2 (March 27 to May 21, 2019) 5000 4500
Phase 3 (May 4 to June 14, 2020) 3750 3750

Installsand 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 weeksfrom the
phase 1 end, therewereonly 19,391 app installs, a44% decrease

https://pediatrics,jmir.org/2022/2/e34425

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, therewere 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 CPl
of US $1.07 (Table 6).

Table 5. Total CDC?Milestone Tracker app install data.

Arshanapally et al

During the 6-week period of phase 3, there were 42,239 app
installs. No major differencesin app installswere 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 CPIl 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.

Time point and period Instals, n
Before campaign
7 weeks before 18,755
8 weeks before 34,730
6 weeks before 41,255
During campaign
Phase 1° 34,431
Phase 2° 39,443
Phase 3 42,239
After campaign
7 weeks after 19,391
8 weeks after 23,725
6 weeks after 43,196

8CDC: Centers for Disease Control and Prevention.

BPhase 1 occurred from June 6 to July 28, 2018, a 7-week period.
®Phase 2 occurred from March 27 to May 21, 2019, an 8-week period.
9Phase 3 occurred from May 4 to July 14, 2020, a 6-week period.
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Table6. Instals, instal rate, and CPI2P metrics from Google- (N=13,707) and Facebook-driven marketing messages.

Arshanapally et al

Campaign phases

Installs®, n (%)

Install rate (%)

CPI (US$)

Phase 1 (2018)

Googl et
English
Facebook
English
Phase 2 (2019)

Googl et
English
Spanish
Total
Facebook
English
Spanish
Total
Phase 3 (2020)

Google®
English
Spanish
Total

3340 (24.37)

3308 (24.13)
1354 (9.88)
4662 (34.01)

3117 (22.74)
2588 (18.89)
5705 (41.62)

16.89

20.31
7.46
13.54

37.73
22.52
28.88

1.19

0.88
1.62
1.07

0.60
0.73
0.66

Facebook
English —
Spanish —
Total —

8CPI: 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 datawere not available because of federal guidelines against theintegration of Facebook Software Development Kit into amobile

app.
4Data not available.

€For Google, the messages were only served on Android devices, not Apple devices, because of atracking pixel needed to share data between Google

and Apple.

Discussion

Principal Findings

This study investigated the outcomes of apaid digital marketing
campaign for promoting Google- and Facebook-driven
marketing messages about parent-engaged devel opmental
monitoring and direct parents with children aged <5 years to
the CDC's Milestone Tracker app. Overall, the Google-driven
marketing messages garnered atotal 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 atotal of 73,956 clicks
(n=44,328, 59.94% for English and n=29,628, 40.06% for
Spanish), with atotal average CTR of 1.52% (2.22% for English
and 1.03% for Spanish). From these clicks, there were 13,707

https://pediatrics,jmir.org/2022/2/e34425

RenderX

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 CPl was US $0.93 across al phases.
The phase 3 headling, “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 M essages

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 Gl Fsand images of older children.
The marketing messages with ssmple and direct callsto 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 I nvestment

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
CPl 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.

Intotal, 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
resultedin 13,707 usersinstalling 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 alow cost. According to astudy onindustry-specific Google
benchmarks, the benchmarks for the health and medical field
wereaCTR 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 aCTR of 0.83% and aCPC 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 isimportant 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

https://pediatrics,jmir.org/2022/2/e34425
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addition, the focus of our campaign was not to sell a medical
product but rather to promote public health messagesto parents
with young children. The Campaign Budget Optimization
feature' stendency to increase the efficiency of budget spending
by disregarding lower performing devices and increasing
delivery of impressionsto higher performing devicesisnot 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 regardiess of
performance. Thus, comparing CTR and CPC with marketing
campaigns with similar populations, public health topics, and
campaign goals may provide amore useful reference point than
solely industry benchmarks.

For instance, Graham et a [18] conducted asimilarly 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 yearsin 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 inaCTR of 1.88% and aCPC 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 aswell asacampaign withasimilar public
health approach. In addition, the metrics from this study can
serve asareference point for future digital marketing campaigns
that target parents with children aged <5 years around topics
related to parent-engaged devel opmental monitoring.

Other Influences

In addition, it isimportant 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 datawere collected for this study. Therefore, it is not
possible to know information about the userswho 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 betracked. Thus, alternative measures, including CTR
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and CPC, were used as proxies. Third, mobile app use could marketing campaigns on Google and Facebook to promote
not be tracked through this study. public health messages to parents of young children. As the

Conclusions

internet and social media have become an increasingly popular
medium of accessing health information, public health

This study contributes to the literature by reporting on the  organizations should consider paid digital marketing asatactic
outcomes and providing a cost analysis of using paid digital  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 alaboratory 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 (=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: Acrossboth groups, searcheswere carried out for 17 different symptom clusters. Almost all parents started with Google
(44/46, 96%), and amajority 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 (r=—0.39, P=.01), stress
after the search (r&=—0.33, P=.02), and the number of search queries (r=—0.29, P=.04) but was not significantly associated with
eHedlth literacy (rs=0.22, P=.13). Of note, eHesalth literacy was strongly and positively correlated with satisfaction during the
search (rg=0.50, P<.001) but did not significantly correlate with search characteristics as measured by search duration (r.=0.08,
P=.56), number of performed search queries(r;=0.20, P=.17), or total clicks(rs=0.14, P=.32). No differenceswere found between
parents searching for their own symptoms and parents searching for their child’s symptoms.

Conclusions: Thisstudy provides exploratory findings regarding rel evant dimensions of appraisalsfor 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 eval uation patterns

in our sample. Further research with larger samplesis needed to identify and evaluate guidelines for enhanced web-based health
information seeking among parents and the general public.
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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]. Morethan 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 acrossawide 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 asdisease, 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 studiesfrom 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 aso on behaf 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 preval ence 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’shealth statusif the search leadsto detrimental
self-treatments or adelay in seeking professiona 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 al 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
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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-rel ated decision-making
by parents.

Inthe past, varioustraits 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 hedlth 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 OHISiseHealth
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 isassociated with
less frustration during the information search [41], gain in
empowerment [42], and better evaluating skills of web-based
health information [43]. Inthefuture, targeting eHealth literacy
could become a key element for enhancing OHIS skills and
related outcomes [44,45].

The assessment of appraisalsduring 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
OHI S 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 a [56] was
conducted in asample 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 seekersin terms of log file
data and self-reported appraisals. We hypothesize that health
anxiety ispositively 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 hedlth information will be positively
associated with beneficial search appraisas (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 tak 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
achild 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 chronicillnesses
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.
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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 (0O not
similar at all; 5 exactly what | 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 measuresto 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 totd 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. Thisresulted in a
final sample of N=46, equally balanced for both experimental
groups.

Participantswere 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 arelationship, ranging from 1 to 20 years (mean 9.86,
SD 4.5 years). The demographic characteristics of participants
arereported in Table 1.
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Table 1. Sociodemographic characteristics of participants (N=46)2
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Full sample, n (%)

Sex
Female
Male
Nationality
Austria
Germany
Other
Marital status
Unmarried
Married
Divorced
Relationship status
Single
In arelationship
Number of children
1
2
3
Educational level
Prefer not to say
Lower secondary
Apprenticeship
High school
Tertiary education

40 (87)
6 (13)

40 (87)
3(7)
3(7)

15 (33)
30 (65)
1(2)

2(4)
44 (96)

17 (37)
25 (54)
4(9)

2(4
12
8(17)
5(11)
30 (65)

Parti cipants 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 initia 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 issuesrelated 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

Textbox 1. Task description.

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
(O not likely at all to 5 extremely likely) and the fear that it will
recur (O not worried at all to 5 extremely worried). The symptom
with the highest sum score was selected asthe topic for thetask.
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 befound in Textbox 1. Desktop activity wasrecorded using
Open Broadcaster Software [63]. After thetask, the participants
received another questionnaire regarding their search, including
items on ecological validity, search appraisal, and their stress
level.

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. Thereis 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 determinethe
time spans and number of clicksfor each recorded search session
(ie, search duration, total clicks, unique resources, search
gueries, and page views). In addition, 3 undergraduate
psychology students independently transcribed the videos.
Intraclass correlation coefficients (ICCs; k=3,
absol ute-agreement, 2-way mixed-effects model) were excellent
for total clicks (ICC=0.99), unique resources (ICC=0.99), search
gueries (1CC=0.99), page views (ICC=0.99) and search duration
(ICC=1.00). If there was compl ete 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 al 3
raters, the median was used.

M easures

Demographics and General Questionson 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 therelationship 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 (i, self, child, partner, relative, friends,
and others).

eHealth | mpact Questionnaire

The eHealth Impact Questionnaire (Part 1) by Kelly et al [65]
isan 11-item scale for measuring the attitude to use the web for
health-related purposes. The scaleisdivided 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 a5-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 a=.67 for the first
subscale and Cronbach a=.71 for the second subscale.

German eHealth Literacy Scale

The German eHealth Literacy Scale by Soellner et al [66] isthe
translated version of the eHealth Literacy Scale by Norman and
Skinner [67] for ng self-perceived health problem-solving
skillsin 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 a=.78.
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PHQ-15 Measures

The PHQ-15 by Kroenke et a [68] is an instrument for the
screening of somatic symptoms and the severity of somatization.
Theinventory contains 15 items on different somatic symptom
groups, which cover more than 90% of the presented symptoms
in primary care. In contrast to the origina version, we asked
only inabinary responseformat (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 I nventory

The Modified Short Health Anxiety Inventory (mSHAI) by
Bailer et al [69] isa 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
responseformat and is proposed as unidimensional. Onthebasis
of the previous 6 months, participants rate their fear of illness
on a5-point Likert scale, with higher values indicating greater
fear of illness. Total scoresrange between 0 and 56. The health
anxiety inventory was highly reliable in this sample, with a
Cronbach a of .91.

mSHAI-Child

The mSHAI-Child is an adaption of the mSHAI by Bailer et a
[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 ascale
of 0 (strong disagreement) to 4 (strong agreement) on each of
the 14 items, with atotal score range of 0 to 56. In this study,
the Cronbach a was good (0=.89).

State Anxiety

The Short State Anxiety Inventory by Grimm [72] isa 10-item
scale to measure current emotional stress and anxiety. The
German translation was published by Laux et a [73] and is
originaly 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
compl eted the questionnaire twice, immediately before and after
the search task. In this study, the internal consistencies were
Cronbach 0=.66 at the preassessment stage and Cronbach a=.74
at the postassessment stage.

Couple Satisfaction I ndex

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
differencesin thelevel 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 a was excellent (a=.96).

Parenting Stress Scale

The Parental Stress Scale by Berry and Jones|[76] isan 18-item
measure for quantifying stressthat 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 a=.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 (*1 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 mefeel more self-empowered than before”),
(4) the presence of an information overload during the task
(“Therewas apoint during the search when | felt overwhelmed
by the amount of information”), (5) the need to contact a
physician and discuss the information with him or her (“1 will
discuss the information found with my doctor”), and (6) the
presence of unmet information needs (“I now have more open
guestions 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 thefirst keystroketo 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 (pageimpressions); 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%),
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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 aready
searched the internet for the respective symptom in the past 4
weeks (10/46, 22%). L essthan half of the sample (20/46, 43%)
had already seen their physician about the symptom. All topics
of the search task arelisted 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 parti cipants 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 termswith thechild'sage
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.

Kubb & Foran

Group and scenario

Times searched, n

Self-seeker group (n=23)
Back pain
Headaches
Feeling tired or lack of energy
Vertigo
Diarrhea
Elbow pain
Stomachache
Trouble sleeping
Menstrual pain
Tachycardia
Eye inflammation

By-proxy-seeker group (n=23)
Cough
Stomachache
Diarrhea
Headaches
Fever
Skin rash
Sore throat
Nausea

Common cold

P R R P P RPN ®W W A O

P P P N NN W W

Correlations Among Study Variables

Multimedia Appendix 1 showsthe correlationsamong all study
variables. Health anxiety was moderately negatively associated
with search satisfaction (rs=—0.34, P=.02) and search success

(r=—0.39, P=.01) and moderately positively associated with
the need to talk to a physician after the search (r=0.31, P=.03)
and unmet information needs (r,~0.30, P=.04). eHealth literacy

was positively correlated with the attitude toward web-based
health information (r=0.35, P=.01) and search satisfaction
(r&=0.50, P<.001), whereas amoderate negative correlation was
observed with unmet information needs (r.=—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 (r&<=—0.33, P=.02) and positively correlated with the
need to talk to a physician (r=0.31, P=.03); however, thiswas
not the case for other evaluation items or characteristics of the

https://pediatrics,jmir.org/2022/2/e29618

search. Ingeneral, 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,
dueto the randomization, no significant differenceswerefound
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 seeker?

Measure Self-seeker, mean (SD)  By-proxy seeker, mean (SD) 2-tailed t test (df) z P value
mSHAID 11.60 (8.70) 12,65 (10.25) -0.37 (44) NA® 7L
mSHAI-Childd 14.82(9.48) 16.04 (9.37) -0.43 (44) N/A .66
G-eHEALS® 30.21 (3.84) 30.86 (3.74) -0.58 (44) N/A .56
eHIQ-Ohisf 55.86 (18.80) 62.39 (17.76) -1.20 (44) N/A 23
eHIQ-Shared 70.65 (16.20) 69.56 (13.90) 0.24 (44) N/A 80
csl-32" 134.70 (15.84) 130.68 (24.19) 0.61 (37) N/A 54
pss 34.68 (7.27) 35.69 (6.10) -0.50 (43) N/A 61
Stress before the task! 24.43 (7.56) 27.30 (10.26) -1.07 (44) N/A 28
Stress after the task® 23.60 (10.27) 28.00 (9.56) -1.50 (44) N/A 14
Objective search characteristics
Search duration' 562.95 (338.22) 525.08 (302.90) 0.40 (44) N/A .69
Total clicks™ 27.56 (25.61) 21.26 (14.60) 1.02 (44) N/A 31
Page impressions” 9.56 (5.46) 9.82 (5.79) -0.15 (44) N/A 87
Unique resources® 5.17 (4.27) 4.69 (2.77) 0.45 (44) N/A .65
Search queries” 2.60 (1.55) 3.30(2.05) -1.29 (44) N/A .20
Subjective search evaluation
Search satisfactiond 2.96 (0.82) 3.30(0.63) N/A -1.45 14
Search success’ 3.30(0.87) 3.48(0.73) N/A -0.60 54
Self-empowerment® 1.83(1.11) 2.22(1.08) N/A -1.17 23
Information overl oad! 122(131) 0.91(0.99) N/A -053 .59
Needtotak toaphys-  0.83(1.02) 1.52 (1.31) N/A -1.78 07
cian*
Unmet seeking needs’ 0.74 (0.86) 0.83(0.83) N/A -0.49 62

% ndependent 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.

°N/A: not applicable.

9mSHAI-Child: Modified Short Health Anxiety Inventory (by proxy related to own child).
€G-eHEALS: German eHealth Literacy Scale.

feHIQ-Ohis; eHealth Impact Questionnaire, attitudes toward web-based health information.
9eHIQ-Share: eHealth Impact Questionnaire, attitudes toward sharing health experiences.
hcsI-32: Couple Satisfaction Index-32.

'PSS: Parental Stress Scale.

IStress before the task: measured with the Short State Anxi ety Inventory.

KStress after the task: measured with the Short State Anxi ety Inventory.

'Search duration: length of the search session (in seconds).

MTotal clicks: the sum of all clicks during the search session that lead to visible actions.
"Page impressions: number of unique accessed webpages during the search session.
®Unique resources; number of resources used during the search session.

PSearch queries: number of performed search queries.

9Search satisfaction: “| am satisfied with the way my search has gone”

"'Search success: “1 am satisfied with the result of my search.”

SSelf-empowerment: “ The search makes me feel more self-empowered than before”
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YInformation overload: “ There was a point during the search when | felt overwhelmed by the amount of information.”
UNeed to talk to aphysician: “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 t,,=—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 rel ationship between health anxiety,
eHealth literacy, search appraisas, 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 evidenceto
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 amore efficient search.

Comparison With Previous Work

Not surprisingly, aimost all parents used the Google search
engine as the first entry point, which isin full agreement with
other studies [20,56]. We observed that the entire symptom
search experience primarily occurred on the first search result
page within thetop rankings. Similarly, Beus[77] hasalso 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
guery 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 heath 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.

https://pediatrics,jmir.org/2022/2/e29618

Furthermore, advertisements both in Googl e search results and
on further websites received little to no attention. This could be
due to a general blindness for web-based advertisements [80]
aswell asthe mistrust that consumers attribute to advertisements
ontheinternet [81-83]. Thisisanimportant 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 islacking 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]. Therelationship
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 differencesin change
in stress after the task more difficult.

Therewas 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
gueries, 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 eHeadlth 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
a [91] on vaccination information seeking on the web,
confirmation biaswas more prevalent in parentswith 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 dueto the small sasmplesize. Wedid 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 onweb userswho 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. Parentsare responsible
for their children’s health, whereas in most other by-proxy
search relationships, there is still a certain degree of personal
responsihility. 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]. Additiona 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. Futureresearch in larger
samples and natural settingsis essential, for example, with the
support of smartphone appsthat record health-rel ated symptom
searchesjust intime.

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
theindividual level. In addition to frequently examined relating
factors on search success, such as credibility, trust, or
information quality [103,104], other factors should also
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increasingly beincluded in theoretical considerationsand tested
experimentally, for example, contemporary features of social
mediaand 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
consumersduring OHIS[107-109]. Although in our experiment
we only assessed subjective search success and search
satisfaction, future studies could eval uate 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 parentswith |ower educationa
attainments. Neither the medical knowledge nor the possible
work in amedical 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 eHeadth 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 attitudestoward
OHIS. These findings contribute additional evidence to a
growing body of literature on the role of health anxiety during
OHISfor onesalf and others. Given the preval ence 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.
Previousresearch hasidentified 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 eval uate the usability of aweb-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 wererecruited via social mediaplatformsand invited to compl ete 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 surveyswere completed by parents. The mean scoresfor 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 (t3,=—5.083; P<.001).

Conclusions: Our resultsdemonstrate that parents positively rated aweb-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 confidencein their knowledge did significantly increase. These results suggest that using aweb-based infographic
as a knowledge trandlation intervention may be useful in increasing parents' confidence in managing their child’s concussion.

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

Background

Concussions, which are known as mild traumatic braininjuries,
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 annualy [2,3].
Typical signsand symptoms of aconcussion include headaches,
nausea, dizziness (or fogginess), and sensitivity to light or noise
[4]. For most children, recovery occurswithin 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 theinternet 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 aso
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 trandation (KT) [8].

A systematic review [9] evaluating the effectiveness of
concussion education programsfor coaches and parents of youth
athletes found a limited number of studies examining the
efficacy of educational interventions on parental knowledge of
concussion and alack of interventions designed specifically for
parents. This suggests that additional research is necessary to
investigate changesin 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 educationa intervention [13], and no known studies have
assessed changesin self-confidence. Confidenceisan 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 arein their knowledge and abilities to parent
is an essential component of the quality and sustainability of
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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.

Todate, KT effortshavelargely focused on ensuring that health
care professional s use thelatest 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 reguired 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 aso 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 devel op, refine, and evaluate the usability
of aweb-based infographic for pediatric concussion to promote
KT. Details of phases 1 and 2 of this work are reported by
Campbell et a [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 Gapsin Current Concussion Tools
(Intervention Development, Phase 1)

An environmental scan was conducted (May 2021) by thefirst
author (AC) to identify publicly available Canadian devel oped
resources providing information on pediatric concussion found
on theinternet and in apps. Information gapsin 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 interviewswith aconvenience
sample of children who have experienced aconcussion 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, questionsfocused on the experience
of caring for achild with concussion. I nterview topicsincluded
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 acompositeinfographic 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 devel opment 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 theinfographic prototype, it wasthoroughly
reviewed and vetted for content accuracy by the author VP
(content expert). The author VP is idedly suited for this
assessment as she iswell abreast of the best available research
evidencein thisspecialized field. All authors provided extensive
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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 isagroup of parents, legal
guardians, and grandparentswho serve as advisersto 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 prototypewasinformally
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 K nowledge Change

We collected a convenience sample of participantsto 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
participantsincluded any parent, legal guardian, or grandparent.
Participants were required to read and understand English. We
asked for assistance from clinicians with known connectionsto
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 thisresearch were also contacted viaemail
with links to the infographic and surveys. In addition, we
recruited participants via advertisements on our research group’s
social mediaplatforms (Twitter, Facebook, and I nstagram) with
alink to the surveys.

A link to theinfographic, usability test, and preintervention and
postintervention knowledge and confidence tests was made
available to al 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 compl eted 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 aquestionnaire devel oped
by McKinlay et a [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 datawere 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 . Wefollowed 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 dtatistical 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 statisticaly 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
guestionnaire were scored as 1 for correct and O 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.

https://pediatrics.,jmir.org/2022/2/e36317

Campbell et al

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

Results

The Tool (Web-Based I nteractive 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 adirect or indirect blow to the
head, drop-down lists, horizontal scrolling, audio clips of
childrentelling their story and experience with concussion, and
downloadable PDF information sheets targeting teachers,
coaches, and family or friendsthat 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.

HOME 1| SYMFTOMS WHAT TO EXPECT AT THE DOCTOR | FOLLOW-UP CARE RECOVERY
RECOVERY TIPS FOR EVERYONE | HEARFROM PEERS | LINKS | SHARE WITH OTHERS

| Think My Child
Has a Concussion.

Now What?

A CONCUSSION i5 @ brain injury. Any child/téen who
gets hit in the head, face, neck, or body has a chance
of getting a concussion. Concussions can happen o ANIMATED GIF

Figure 2. Infographic sample 2.

Recovery

Aifter a short time (24-48hrs),
of rest “return to play” and
“return to learm” should be
show and follow step-by-step
recommendations

Return to Play (sport or recreation): 6 5teps and Activity Suggestions

Return to Learn: 4 Steps and Activity Suggestions
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Figure 3. Infographic sample 3.

Return to Play (sport or recreation): 6 Steps and Activity Suggestions

No new or worsening
symptoms for 24 hours?

FULL-CONTACT
¥Yes: move to next step. STEP 9 ACTIVITY.
Ne: move back a step.

HORE COMPLEX
STEPQ | actviy.
HOMN-CONTACT.

HMODERATE ACTIVITY.
HON-CONTACT

Figure 4. Infographic sample 4.

Hear from Peers

Hear from others who have had a concussion and what it was like for them!

Alice’s Story Mason’s Story Michael’s Story

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).
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Variable

Value, n (%)

Sex
Female
Male

Age (years)
20-29
30-39
40-49
50-59
260

Marital status
Married, partnered, or common law
Single, separated, divorced, or widowed
Prefer not to answer

Education
Postsecondary certificate or diploma
Postsecondary degree
Graduate degree
Other
Prefer not to answer

Annual household income (CAD $[US $])
40,000-59,000 (31,318-46,194)
60,000-79,000 (46,977-61,853)
80,000-99,000 (62,636-77,512)
=100,000 (78,295)
Prefer not to answer

Number of children
0
1
2
3
4
Age of children (years)
<1
1-5
6-10
11-15
16-20
21-25
>25
N/AZ

Hasyour child ever had a concussion?

Yes

28 (90)
3(10)

7(29)
10 (32)
5 (16)
6 (19)
3(10)

28 (90)
2(7)
103

6 (19)
9(29)
15 (48)
1(3)
1(3)

1(3)
1(3)
4(13)
22(71)
3(10)

2(7)
12 (39)
15 (48)
13
13

4(13)
14 (45)
2(7)

6 (19)
11(36)
3(10)
9(29)
2(7)

14 (45)
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Variable

Value, n (%)

No

17 (55)

3N/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 infographicincluded thefollowing:

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

Figure5. Usability testing results.

How organized did you find the tocl? @
How attractive did you find the tocl? AN
How practical did you find this tool? [N
How clear werz tha information znd imeges? @
- How easy was the tool to navigate? [l
g
E How much dic the tcol mast your expeciziions? [EIT
¢ Howr inventive was the tozl? DA
How =asy was the content 10 learn?
How creative did you find the tocl? [ IINZN
How easy was the tool to understend? o -
How enjoyzble did you find the tocl? B30

(=]

B Not at all [scoras 1-2) B Som=what (scores 3-4)

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
differencein 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 |oss was observed for topics
1, 6, 8, and 9, but Wilcoxon signed-rank tests showed no
statistically significant changes before and after theintervention
(Table 2). In the remaining 3 topics (topics 3, 4, and 5), 100%

https://pediatrics.,jmir.org/2022/2/e36317
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B Neutrel (scores 5-8)

The points were well highlighted. Easy to follow.
Informative, quick to ook 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 peoplewith
low vision or differences in colour perception.
[Participant 11]

10 15

Fraguency

1 Very (scores 7-8) B Extr=mely { scores 9-10)

(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
differencein average confidence scores before and after viewing
the infographic (t3;=—5.083; P<.001). Across each knowledge
topic, paired 2-tailed t tests showed a statistically significant
differencein confidencein answering thetrue or fal se questions
for 70% (7/10) of thetopics(topics2, 3,5, 6, 7, 9, and 10; Table
3).

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |€36317 | p.40
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING Campbell et a

Table 2. Changesin knowledge before and after exposure to the intervention.

Question (correct answer) and answer  Scenario Frequency, n (%) Beforeexposure,  After exposure, P value
combination % correct % correct

Beforeexposure  After exposure

A concussion only occurswhen thereis loss of consciousness (F?) 100 97 32
Combination 1 T F 0(0)
Combination 2 F T 1(3
Combination 3 T T 0(0)
Combination 4 F F 30(97)

A concussion only occurs after a blow directly to the head (F) 87 97 .32
Combination 1 T F 4(13)
Combination 2 F T 1(3)
Combination 3 T T 0(0)
Combination 4 F F 26 (84)

Confusion isnot a sign of concussion if it clearswithin 5 minutes (F) 100 100 >.99
Combination 1 T F 0(0)
Combination 2 F T 0(0)
Combination 3 T T 0(0)
Combination 4 F F 31 (100)

It issafetoreturn to playing sportsas soon asthe child isno longer confused (F) 100 100 >.99
Combination 1 T F 0(0)
Combination 2 F T 0(0)
Combination 3 T T 0(0)
Combination 4 F F 31 (100)

Concussion symptoms are only apparent at thetime of injury (F) 100 100 >.99
Combination 1 T F 0(0)
Combination 2 F T 0(0)
Combination 3 T T 0(0)
Combination 4 F F 31 (100)

Being knocked out is not the same as a concussion (T) 77 65 .16
Combination 1 T F 6(19)
Combination 2 F T 2(7)
Combination 3 T T 18 (58)
Combination 4 F F 5(16)

Someone with a concussion should be kept awake for thefirst 24 hoursafter injury (F) 90 94 32
Combination 1 T F 1(3)
Combination 2 F T 0(0)
Combination 3 T T 2(7)
Combination 4 F F 28 (90)

A concussion does not have longer-ter m effects (F) 97 94 .32
Combination 1 T F 0(0)
Combination 2 F T 1(3)
Combination 3 T T 1(3
Combination 4 F F 29 (94)
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Question (correct answer) and answer  Scenario

Frequency, n (%) Beforeexposure,  After exposure, P vaue

combination % correct % correct
Beforeexposure  After exposure
Children will recover better from a concussion than adults (F) 61 58 .56
Combination 1 T F 1(3)
Combination 2 F T 2(7)
Combination 3 T T 11 (36)
Combination 4 F F 17 (55)
Sometimes, concussion symptoms can take hoursor daysto show up (T) 90 97 .32
Combination 1 T F 1(3)
Combination 2 F T 3(10)
Combination 3 T T 27 (87)
Combination 4 F F 0(90)
8 false.
OT: true.
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Table 3. Confidence in knowledge responses (N=31).
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Question (correct answer)  Confidence, n (%) Score, mean P value
and pre- or posttest (SD)
Not at all Somewhat Morethan somewhat  Very Extremely
confident confident but not very confident  confident confident
A concussion only occurswhen thereisloss of consciousness (false) .06
Pretest 0(0) 0(0) 2(7) 9(29) 20 (65) 4.58 (0.62)
Posttest 0(0) 0(0) 1(3) 6 (19) 24(77) 4.74 (0.51)
A concussion only occurs after a blow directly to the head (false) 022
Pretest 1(3) 1(3) 5 (16) 9(29) 15 (48) 4.16 (1.04)
Posttest 0(0) 0(0) 2(7) 7(23) 22 (71) 4.65 (0.61)
Confusion isnot asign of concussion if it clearswithin 5 minutes (false) 0042
Pretest 0(0) 1(3) 12 (39) 10 (32) 8(26) 3.81(0.87)
Posttest 0(0) 1(3) 3(10) 8 (26) 19 (61) 4.45 (0.81)
It issafetoreturn to playing sports as soon asthe child isno longer confused (false) .06
Pretest 0(0) 10 (32) 5(16) 0(0) 16 (52) 4.35 (0.76)
Posttest 0(0) 1(3) 0(0) 8(29) 22 (71) 4.65 (0.66)
Concussion symptoms are only apparent at thetime of injury (false) 032
Pretest 0(0) 0(0) 4(13) 11 (36) 16 (52) 4.39(0.72)
Posttest 0(0) 0(0) 1(3) 7(23) 23 (74) 4.71 (0.53)
Being knocked out is not the same as a concussion (true) 0082
Pretest 0(0) 2(7) 14 (45) 10 (32) 5 (16) 3.58(0.85)
Posttest 0(0) 2(7) 6(19) 12 (39) 11 (36) 4.03 (0.91)
Someone with a concussion should be kept awake for thefirst 24 hour after injury (false) 0012
Pretest 1(3) 4(13) 10 (32) 10 (32) 6 (19) 3.52 (1.06)
Posttest 1(3) 1(3) 3(10) 9(29) 17 (55) 4.29 (1.01)
A concussion does not have longer-term effects (false) .07
Pretest 0(0) 0(0) 5(16) 14 (45) 12 (39) 4.23(0.72)
Posttest 0(0) 0(0) 3(10) 9(29) 19 (61) 4,52 (0.68)
Children will recover better from a concussion than adults (false) 0042
Pretest 3(10) 6 (19) 14 (45) 5 (16) 3(10) 2.97 (1.08)
Posttest 2(7) 1(3) 11 (36) 12 (39) 5 (16) 3.55 (1.03)
Sometimes, concussion symptoms can take hoursor daysto show up (true) <0012
Pretest 2(7) 1(3) 8(26) 12 (39) 8 (26) 3.74 (1.09)
Posttest 0(0) 0(0) 3(10) 11 (36) 17 (55) 4.45 (0.68)

gtatistically significant at P<.05.

Discussion

Principal Findings

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

https://pediatrics.,jmir.org/2022/2/e36317

RenderX

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
thefirst to examine how web-based and arts-based mediaimpact
parental knowledge and confidence about pediatric concussions.

Parental concussion education is critically important, as many
concussion sighs 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
improvementsin 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 exposureto theinfographic, 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 thetool asvery
favorable or extremely favorable. Our study and others have
demonstrated that innovative media, using narrative and artistic
elements, isapromising approach for communi cating complex
health information to parentsand families[18,19,22]. Although
time and resource strain often determine how resources are
devel oped, more innovative mediamay 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 parentsand may increase
parental confidence in their knowledge of pediatric conditions
[22].

The systematic review by Feisset 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

https://pediatrics.,jmir.org/2022/2/e36317
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rapidly devel oping evidence basein pediatric concussion places
increased demands on updating information that isincluded in
educational interventionsto ensurethey aretimely and relevant,
researchers have an opportunity to expand on the evidence being
shared by taking a more participatory approach, involving end
usersin 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 isanational network of health
professionalsand parents whose goal s 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 iswarranted to potentially diminish dropout attrition in
thefuture. Our study eval uated short-term changesin 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 parentsin
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
theinfographi c 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 confidencein knowledge of pediatric
concussion. Thesefindingshold promisefor future devel opment,
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 mediafor health-related support across
diverse patient and caregiver populations, it isunclear 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 aweb-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 thegroup. In phase 1, aFacebook group was devel oped in consultation with apatient 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, aweb-based survey was distributed, and semistructured
interviewswere conducted with asubsample of group members. Survey and interview datawere 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, asubsample 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 socia 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):€33170) doi:10.2196/33170

https://pediatrics.jmir.org/2022/2/€33170 JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |[€33170 | p.48
(page number not for citation purposes)


mailto:kjkelly@upei.ca
http://dx.doi.org/10.2196/33170
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING

KEYWORDS

Kelly et a

peer-to-peer support; children; youth; complex care needs; social media; social support

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 servicesfrom multiple care providers, which can result
in significant physical, mental, and emotional pressureson their
caregivers. The exact incidence and preval ence 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. Barriersrelated 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 caregiverswith
each other through web-based peer-to-peer (P2P) support isone
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 peersin 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

https://pediatrics,jmir.org/2022/2/€33170

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 heath-related
communication among diverse types of patient and caregiver
populations [23-27]. Facebook isamong the most popular social
networking websites worldwide [28], particularly in Canada
[29], where 19.6 million usersregistered on thewebsitein 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 factorsthat 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 groupsfor 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 examinethe
use of a Facebook-based P2P support group for caregivers of
children and youth with CCN in NB devel oped 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 (i, interacti ons 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 caregiversof 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 | mplementation 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 devel opment of the group
and then monthly after itsimplementation 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
caregiversof children and youth with CCN. Thegroupisclosed
to members, meaning that the member list and information
posted within the group are not visible to nonmembers; thiswas
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 visibleto nonmembersincluded 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. Specificaly, 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, thisindividual’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 atimely 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 rel ease 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
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caregiversin NB (eg, general parent support groups), and (4)
media releases on other social media platforms and websites.

Upon theimplementation of the Facebook group, the moderators
created asocial mediaplan for ensuring that the group remained
active and relevant while it began to grow. The socia media
planinvolved aweekly 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
guestion or sharetheir 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 potentialy influence ongoing
activity levelswithin the group (eg, time and date of posts) were
also noted throughout the research period.

Analysis Strategy: Group Postsand I nteractions

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 analysisis
aqualitative 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 articlesor details
on aprogram). 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 postslabeled
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 I nterviews

In phase 3 of the study, a web-based survey was distributed to
memberswithinthe group, andinterviewswere 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
guestions and 3 open-ended questionsrelated to the participants
use of the group and perception of itssuccessor failure. A group
administrator posted the survey, available in both English and
French, as alink in the Facebook group. The survey questions
were devel oped 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
guestions 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
interviewswere conducted in both English and French and were
approximately 20 to 25 minutesin length. The interviews took
place using Zoom (Zoom Video Communications)
videoconferencing software because of its ease of qualitative
datacollection, 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
guestions were analyzed using thematic analysis [37].
Specifically, the lead author read through the transcripts and
assigned initial codes to the content. Codes and associated
guoteswere collected in Microsoft Excel to produce asummary
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]. Previousinvestigations 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

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

Results

Overview

A total of 108 caregiversof children and youth with CCN joined
the Facebook group during the study period. Between October
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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 compl eted 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
participantswere 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 acrossthe province of NB, with nearly
one-third (11/39, 28%) reporting the province's capital
(Fredericton) as their place of residence.

Morethan half of the survey participants (22/39, 56%) reported
belonging to the group as membersfor >3 months. Intotal, 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 aweek (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 3to 5interactions (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%)

Kelly et a

reported belonging to 3 or more other Facebook support groups.
Many survey participants (18/39, 46%o) reported using Facebook
support groups when they had questions or support needsrelated

Figure 1. Number of posts published during the data collection period by month and member type.
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Table 1. Reported number of interactions on group posts by survey participants (N=39).

Interaction frequency

Participants, n (%)

Never

1to2times
3to5times
6to 9 times

>10times

5(13)
20 (51)
10 (26)
2(6)
2(6)

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
postswere 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%),
invitationsfor membersto introduce themsel ves or share photos
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(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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Thetimeat which posts were made to the group and the number
of corresponding interactions indicated a positive but weak
correlation between the 2 variables (r4;=0.20, not significant).

Figure 2. Number of posts according to categorization.
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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 athematic 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) dtruistic contribution, (3) varying level of engagement, (4)
perceived barriers to and facilitators of group activity, and (5)
moderators as contributing members. Each of these themesis
described in further detail in the following sections.

Theme 1: Resource for | nformation

Theinterview participants reported using the group asaresource
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’swhat 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
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No correlation was observed between the number of views that
a post received and the corresponding interactions (r4;=0.02,

not significant).
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transitioned to new stages, thus using it as aresource for future
informational support needs:

| find, for myself, | read commentsalot or | read the
post, and then | get a lot of information out of what
people are commenting back. | find that is extremely
helpful because even if | don't, if it's not directly
related to me yet, it might be something | encounter
later on. So it's helpful to have, like, “oh, | can go
back to thisand 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, | 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 | can get the support from that. So
the other groups, | tend to use more of like a medical
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piece. But thisone here, | 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 tofill the gapsleft 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
questionsthat I’ ve asked, everyone' s been very hel pful
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 adesireto help other individual s going through similar
situations by sharing the knowledge that they had obtained:

o like, now | don't feel like I’m an expert at all, but
| have so many, like, things in my backpack, like that
| can reach out to and go to. | wish that | could give
that backpack to me eight years ago. Like, other
peoplethat | 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 partici pants described
themselves as lurkers and stalkers within the group, many till
felt that they benefited from participation:

I’m a Facebook stalker, I’ m a group stalker, so | just
wait for other peopleto [laughs] post stuff and people
have posted exactly what’'s on my mind all of thetime
so | don’t even haveto post, whichisreally nice. Just
being on the group.
The participants who reported making contributionsto the group
through posts and rel ated interactions described using the group
infrequently or inconsistently:

I’mnot on Facebook aton. Um,um, so | “ like” things
and sometimes I'll share things that | think are
relevant to the group. Um, and | 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:

| think just personally | still have a hard time putting
myself out there. Like, to ask a question. But when |
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see someoneelsg, like | feel comfortable commenting
on someone elsg, or like, liking and things like that.

Theme4: Perceived Barriersto 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 alack 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. | only know of one other
family here whose son has [it], like | said so | don’t
expect, yeah, | 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 thejourneysof individual caregivers, owing
to the geography-specific nature of the group, may promotethe
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' rekind of on asimilar
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 gapsin support
availability:
I mean | don’t have a problem with it, some people
maybe are worried to share things because there's
administratorsor moderatorsin there, you know what
I mean? | wouldn’t, but maybe some people wouldn’t
complain about servicesin New Brunswick if they're
worried it would get back to the service provider, |
don’'t know. | personally don't think that it makes a
difference, knowledge is power, and | 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 kidsin 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:

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

However, alack 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 conffort level there,
knowing who's in it and who's in charge of it, and
who can be looking in.

Group Duration: Time Since | mplementation

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 alarger community would lead to increasesin 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. | think once this group grows like that
it will have the same effect, | think, that people will
look to that first and they’ || get the support fromthere.

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:

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

Discussion

Principal Findings

This study aimed to investigate how caregivers of children and
youth with CCN used aFacebook-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 aperiod 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 groupstends
to consist of 10 times more interaction with posts (eg, likesand
comments) than posts themselves [41].
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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 achild 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 al 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
acondition.

The Facebook group, developed for the purpose of thisresearch,
was viewed as an important source of informational support,
specifically navigational support for local programs, services,
resources, and activities. Most of the survey participantsin 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]. Theinformation
obtained from peerswithin the group included their experience
with various services, resources, programs, and activities as
well astheir opinionsand suggestions, which were highly trusted
by the participants; thistrust 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, thetotal 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
surgein 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 likesand 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 aquestion requiring insight from other
members and usually devel op into adiscussion in the comment
section.

The use of the Facebook group by caregiversfor social support
can be explained by the strength of weak tiestheory [47]. This
theory suggeststhat social support isexchanged within asocial
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]. Finaly,
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 caregiversof 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 themoderators, caregiversin thisinvestigation may have
viewed the group as a formal support group. However, in a
previousinvestigation of parents of children with specia needs,
Ammari et a [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, athough it is possible that the
moderatorsinfluenced 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 adesire to support other caregivers
of children and youth with CCN by sharing their own knowledge
and experiences. A participant described this lived experience
asacollection 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.
Previousinvestigations 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
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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 reveal ed 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 seeif atopic 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
participantsis shown in Table 2. Specifically, factorsidentified
by the participants that contributed to their use of the group
included the closed privacy designation of the group (ie, content
wasrestricted to members) and thefocus on NB caregivers. The
geographic specificity of the group appeared to counteract the
diversity found between the conditions experienced by
caregiverswithin the group, which wasidentified 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 asmall geographic community. Concernsrelated 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 al 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 agroup that can maintain activeinteractions
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 | esstrustworthy than smaller

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

Kelly et a

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

Facilitators

Barriers
Targeted conditionsor diag-  Group membersidentified as caregiversof children or youth
noses with adiverserange of conditionsor diagnoses, which limit-

ed the ability of some membersto find disease-specific

support.

Research emphasis
rent to joining by some members.

Privacy of content
was not visible to nonmembers).

Group duration: time since

implementation short period since the group’s launch.

The emphasison research was perceived asapossible deter-

The “closed” group (ie, group content and membership list

Some members attributed the lack of group activity to the

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

caregivers of children or youth with CCN?,

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

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

Group activity may be associated with group maturity.

8CCN: 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 contributorsto the group, thisinteraction 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, asthe moderators did not represent the target population,
responses from both the moderators and other caregivers
integrated to form aunique perspective onissuesraised 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]. M oderators have been observed to
reduce the spread of misinformation [68,69] by enforcing group
rules and ensuring that posts remain on topic [70].
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Limitations

Thelimitations of thisresearch include atime 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 overal 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 asample 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 restrictionsimposed by
the Facebook platform. However, asthe 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 awide 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 inaccessibleto thosein 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 achild or youth with CCN. It
ispossible 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. Thiswas
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 popul ation wasrestricted
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 provincia restrictions. Caregivers of children and
youth with CCN were particularly affected by social distancing
measures, which led to increased caregiver stressand loneliness
[71]. Moreover, disruptionsin 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
caregiverswould 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'simmunocompromised conditions; itispossible
that these participants may have leaned on support from groups
such as the one studied to fill in missing support. It is aso
possible that the COVID-19 pandemic will change the future
use of P2P support groupsfor health-related communication on
social media. The Facebook group, developed for the purpose
of thisresearch, 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 caregiversin 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 socid 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
socia 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.
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Despite theinitia 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 membersinteract 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 lurkersin
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
arelimited by geography appearsto 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
diagnosisversusthose 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 caregiversat various pointsin their
carejourneys; moreover, these differencesin contributions may
point to distinct needs between patient and caregiver
populations. Future work may also consider determining the
rolethat 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 aresearch 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 areincreasingly 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 communitiesin meeting the support needs
of diverse populations, such as caregivers of children and youth
with CCN. P2P support through social mediapresentsalow-cost
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and accessible avenue for caregivers of children and youthwith  communities may improve information sharing and the
CCN to obtain needed and timely support. Determining the  well-being of families of children and youth with CCN.
potential role that health professionals can play in these
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Abstract

Background: Adctive 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 servicesin 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: Theintervention was designed by clinician-researcherswith experiencein 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 isa6-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 drillsthat are individualized to participant needs and interests (prescribed for 3 days per week). Education includes
the evidence-supported Concussion & You self-management program, which coverstopicsrelated to energy management, nutrition,
hydration, sleep hygiene, and return to activity. Elements of self-determination theory areincorporated 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 accessto care that improves recovery and promotes atimely 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):€34822) doi:10.2196/34822

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

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.

Introduction

Overview

Concussionisacommon injury among children and adolescents
that may result in physical, cognitive, emotional, or sleep-related
symptoms|[1-3]. Although many youth with concussion achieve
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Occupational Performanceand Participation in Youth
With Concussion

Occupational performance, which refersto 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 socia 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 thefirst few months after
concussion, asubstantial portion (30%-60%) of youth continue
to report lower participation than their peers at 6 months after
injury [10]. Continued limitationsin activities and participation
may lead to physical deconditioning or threatsto psychological
well-being, including anxiety, depression, and social isolation
[11,12).

Currently, recovery from concussion among children and
adol escentsis being reconceptualized to emphasi ze resumption
of everyday activitiesand general well-being, rather than solely
the resolution of postconcussion symptoms [13]. Evaluating
occupational performance can help to identify limitations and
inform active rehabilitation strategiesto support youth in gradua
resumption of meaningful activities, thus decreasing theimpact
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 aso included
other components such as sport-specific coordination drills
[25-31], balance training [32], visuaization and relaxation
[25-31], and education and support [25-31]. Resultsfrom these
studies show that active rehabilitation reduces postconcussion
symptoms and improves recovery [25-32].

Therationalefor an active approach to concussion rehabilitation
has been rooted in the benefits of physical exercise to promote
biological recovery (ie, improve cerebrovascul ar autoregul ation
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, evidenceindicates
that although concussion symptoms initially arise because of
physiological changes, including metabolic and cerebral
autoregulatory dysfunction, the strength of the relationship
between the neurabiology of the injury and ongoing symptom
experience diminishes over time, with noninjury factors playing
animportant rolein the persistence of symptoms[37]. Recovery
from concussion is therefore best understood through a
biopsychosocia model in which psychological and social
factors, including activity restriction, emotional reaction, and
coping styles, interact with biological factors to maintain
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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 a [28] endorses a biopsychosocia 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 outcomesin 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 rationalefor 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.

Barriersto 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
speciaty servicesin their geographic region, aswell asfinancial
and logistical barriers to parental accompaniment [43,44].
Telerehabilitation has emerged as an effective method of service
delivery that may address challengesin access. In asystematic
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 effectivewhen
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 aremote
servicedelivery format. A detailed overview of theintervention
isalso 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.

I ntervention Development Process

The Tele-AR intervention was designed by a team of
clinician-researchers (kinesiol ogists 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
isan 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 d
[53] regarding key tasks for each of the MRC development

Shore et d

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
componentsto desired targetsfor 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.

I dentifying existing evidence
«  Defineand quantify target population
«  Review of concussion epidemiology among youth

«  Project team consultation to determine target population

«  Define health outcome and outcome measures

o ldentification of appropriate measurement tools

«  Understand factors that cause and sustain the problem

« Review of factors that influence concussion recovery in youth

o ldentify similar interventions

«  Definetarget context

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

M odeling process and outcomes

«  Project team consultation to design intervention components

«  Review of current consensus definition of recovery from concussion

« ldentification of existing biopsychosocial models of concussion

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

« Review of best practice recommendations for telerehabilitation and teleheal th self-management interventions

« Review of guidelines for telemedicine in concussion management

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

Developing the I ntervention

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 adol escents (aged 13-17 years)
who continue to experience symptoms at least 2 weeks after
concussion. All mechanismsof injury are considered, including
sport, falls, and motor vehicle accidents.

In recent decades, health care usage for pediatric concussion
hasincreased substantially in Canada[1] and the United States
[54]. In Ontario, thisincrease 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 performancein 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 adol escents using an age-appropriate
symptom scal e such as the Postconcussion Symptom Inventory
[59]. However, there is growing recognition that symptom
reports do not aways accurately reflect recovery [13].
Concussion-like symptoms (eg, fatigue, headache, and dizziness)
are common in individualswithout ahistory 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)
isbeneficial for evaluating recovery. The Canadian Occupationa

https://pediatrics.,jmir.org/2022/2/e34822

Shore et d

Performance Measure has been identified as a useful tool for
measuring functional recovery among youth participating in
activerehabilitation [ 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 evidenceindicatesthat persistent symptomsand activity
limitations after concussion are best understood through a
biopsychosocia perspective [38,39,60]. A key tenet of the
biopsychosocial model isthat theinteraction 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
negativeillness 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 socia 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 relationshipson
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 peerswith personal histories of
concussion as key providers of social support that mitigates
various challengesin their recovery. Among collegiate athl etes,
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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 severa studies showing that earlier
initiation of clinical care after concussion leads to quicker
recovery [74]. Timely accessto 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
toinjury [75], whereas poor accessto 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 barriersand youth who
arerdiant on caregiver accompaniment. Studiesfrom 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 accessto careis problematic
because it increases the risk of premature return to activity and
potential reinjury or development of persistent symptoms and
functional limitation.

Identifying Similar I nterventions

A critical review of theliterature describing active rehabilitation
approaches to concussion was performed in the fall of 2019.
Key articleswerelocated 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 studiesincluded
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
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et a [29], who found that a mean intervention duration of 4.4
(SD 2.6) weeks was required to achieve symptom resol ution.
All the studiesidentified 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 hel pful [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 afocus on self-management
through education and supervised physical activity involving
aerobic and coordination exercise.

Published active rehabilitation interventions typically involve
ahome 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 partici pants 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. Telehedlth literature
indicated that weekly appointments should involve areview 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 telemedicineinitiativesto 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 accessto care continueto
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 contributesto 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 outcomesin
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 mativation.
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SDT has been identified as a useful framework for
conceptualizing motivation in pediatric rehabilitation [41]. SDT
isatheory 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 rel ationships 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 factorsthat 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 inthe Tele-AR intervention, using the SDT taxonomy
from Teixeiraet al [94].
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Table 1. Self-determination theory (SDT) strategiesin the Tele-Active Rehabilitation (Tele-AR) intervention.

SDT strategy

Application to Tele-AR intervention

Autonomy support

MBCT? 1: Elicit perspectives on condition
or behavior

MBCT 3: Usenoncontralling, informational
language

MBCT 5: Providing meaningful rationale

MBCT 6: Provide choice

Relatedness support

MBCT 8: Acknowledge and respect perspec-
tives and feelings

MBCT 9: Encourage asking questions
MBCT 10: Show unconditional regard

MBCT 11: Demonstrate interest in the per-
son

MBCT 12: Use empathic listening
MBCT 13: Provide opportunities for ongo-
ing support

MBCT 14: Prompt identification and seek
available social support

Competence support

MBCT 15: Address obstacles to change

MBCT 17: Assist in setting optimal chal-
lenge

MBCT 18: Offer constructive, clear, and
relevant feedback

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

MBCT 20: Promote self-monitoring

MBCT 21: Explore ways of dealing with
pressure

Elicit perspectives of youth regarding their concussion and associated challenges
Tailoring of education and support to addressindividual perspectives

Provide education using a nonjudgmental approach that emphasizes freedom of choice

Provide rationale for active rehabilitation approach, including the role of exercise to support
recovery, energy management techniques, and gradual return to activity

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

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

Encourage questions from participants during weekly appointments
Express empathy and provide positive support regardless of exercise completion

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

Demonstrate active listening by maintaining eye contact and head nods
Provide meaningful summaries of comments by youth and check understanding

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

Encourage social support seeking from parents, teachers, coaches, and friends

Teach metaphors to communicate the experience of having a concussion, such as comparing
energy levelsto a cellphone battery

Inclusion of friendsin exercise program when possible

Prompt identification of potential barriers and solutions

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

Provide positive feedback and encouragement for successes with school, exercise, and other
activities
Discuss strategies used by other youth facing similar challenges

Prompt participants to develop personal concussion toolbox recovery plan describing which
strategies they intend to use
Provide clear instructions for home exercise program

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

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

3\IBCT: 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 gradualy increasing
experiences of successthrough 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
useto facilitate gradual progression. Third, theclinician 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
solutionswith theclinician. 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 rationalesfor
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 theintervention. Education is provided using
nonjudgmental language integrating participant perspectives
and emphasizing freedom of choice (ie, which strategiesto 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

Figure 1. Logic model for the Tele-Active Rehabilitation intervention.
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their children become more accountable for their recovery by
teaching them to self-monitor their condition [81]. Remote
serviceddlivery 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. Studiesfrom avariety of rehabilitation disciplines,
including physiotherapy [95], occupational therapy [96], and
psychology [97], demonstrate that therapeutic alliance can be
developed effectively through videoconferencing. Weekly
appointmentsfoster astrong 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 a [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 levelsto acellphone 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 ateammate in sport-specific coordination drills.

M odeling Process and Outcomes

Modeling aimsto defineintervention 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 a [28] and published
biopsychosocial models of concussion [38,39]. Descriptions of
anticipated outcomes from each intervention component are
provided in the following paragraphs.

Psychological

Active rehabilitation

| —

‘ Biological

* Improve autenomic function * Improve mood
* Improve cerebrovascular regulation

* Promote neuroplasticity * Increase self-efficacy

Aerobic exercise
= Improve cognitive function
* Improve sleep

* Improve energy and reduce Fatigue

+ Reduce stress and anxiety

* Improve illness perception
* Reduce avoidance behavior

* Reduce endurance behavior |

Social |

|
+ Increase sense of engagement |
+ Opportunity for social support \

+ Improve vestibulo-acular function

+ Improve balance and coordination

Coordination * Improve mood

exercise * Increase self-efficacy

Postconcussion

symptoms

+ Increase sense of engagement

+ Opportunity for social support Occupational
performance

* Impreve mood

* Reduce stress and anxiety

Education and * Increase self-efficacy

suppert

: * Improve sleep

* Improve energy and reduce fatigue

* Reduce avoidance behavior

* Improve illness perception

+ Increase sense of engagement /
+ Provide social support

+ Improve school participation

* Reduce endurance behavior /

through greater of

I needs ( and rel;

Several reviews demonstrate the efficacy of aerobic exercise
for reducing postconcussion symptoms [22,23]. Progressive
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function and cerebral blood flow regulation, which areimpaired
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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
socia connection [38,81].

According to Gagnon et a [28], the purpose of coordination
exercises is to continue light exercise and reintroduce familiar
activitiesin a successful context to improve mood and increase
self-efficacy. Allowing choicein coordination exercises enables
youth to participatein 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 exercisesmay aso
target deficitsin balance, coordination, and visua function that
may occur after concussion [2]. Finaly, sport-specific
coordination training provides an opportunity for social
connection because participants may complete the drillswith a
friend or teammate.

Education and support are essential components of concussion
management consi stently recommended among evidence-based
guidelines[102]. Education about the nature of concussion and
recovery timelines addressesimportant 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

https://pediatrics.,jmir.org/2022/2/e34822
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assi stance modifying other activitiesto support agradual return,
such as playing an instrument or spending timewith 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 rel atednessto 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

I ntervention Overview

TheTele-AR interventionisa6-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. Thefollowing sections provide adetailed
description of the intervention.

I ntervention Timeline

Figure 2 presents an overview of the timeline for the Tele-AR
intervention. It beginswith 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
on and collaborative coconstruction of the home program,
integrating the participant’sindividual needsand interestswithin
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.

Preintervention assessment

+ Clinical history
+ PCsI
+ COPM

Midpointassessment
- PCSI

+—9

Postintervention assessment Q

+ PCsi
+ COPM

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 socia 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].

I ntervention Components

Overview

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

https://pediatrics.,jmir.org/2022/2/e34822

i

Intervention introduction

Session1 (60 minutes)
Informed consent
+ Assessment

Session2 (60 minutes)
+ Participative concussion education
+ Home program development

Weekly intervention appointments

Week1 |
Week 2
Five sessions (30-45
minutes)
L+ Tailorededucation
Week3 and support
*+ Home program
modification (if
necessary)
Week 4
Week 5

Intervention completion

Final session (60 minutes)

Tailored education and support
+  Assessment

* Intervention wrap-up

comprehensive concussion education and support. Components
areindividually 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 alow for comparison between days with and without
exercise. Imhoff et a [32] showed that 3 sessions per week is
sufficient to facilitate symptom reduction and was associated
with high trestment 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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Theinitial 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], aswell asrecommendations from literature
reviews and clinical guidelines for exercise after concussion

Table 2. Aerobic exercise progression? protocol.

Shore et d

[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
previoudly to facilitate the home program in active rehabilitation
[26,29-31].

Week Duration (minutes)

Intensity (PCERT® level)

10
15
15
20
20
30

o 0o A W N P

4
4
5
5
6
6

3progression was only recommended if significant symptom exacerbation did not occur in the previous week.

BPCERT: Pictorial Children’s Effort Rati ng 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 curriculumis 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 aso 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 allowsfor collaboration
features such as screen sharing. The clinician uses a standard
laptop or desktop computer, and participants may engagein 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

https://pediatrics.,jmir.org/2022/2/e34822

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 telehedlth 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

Specia attention must be paid to ensure safety in telehealth
interventions. Safety considerationsfor 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,
whichis operationalized according to the definition from Leddy
et a [119] asanincrease of =3 pointson a10-point visua analog
scae (VAS) [119]. Participants are familiarized with the
Wong-Baker FACES pain rating VAS for symptoms[119]. The
VASisused by participantsto 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 Dobney et a [26] is used, whereby the exercise program is
program modification, and considersreferral tothe primary care  suspended if symptom exacerbation occurs during 3 consecutive

provider or other providers. The stopping rule described by  sessions despite exercise modification.

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

Symptom exacer bation consider ations

scale)

modification

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

«  Education regarding activity-related symptom exacerbation and appropriate response

«  Participantsinstructed to terminate exercise and rest upon significant symptom exacerbation (an increase of =3 points on a 10-point visual analog
«  Suspension of exercise program pending medical clearance if symptom exacerbation occurs during 3 consecutive sessions despite exercise

« Participantsinstructed 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

«  Confirming participant location, emergency contact information, and alternative methods of communi cation 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 TeleAR 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 addressthese barriers. | ntervention devel opment
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 socia
aspects of concussion in aremote service delivery format. We
emphasi ze education and support as essential to theintervention
and expand the notion of active rehabilitation to facilitate
motivation and performancein activitiesthat are meaningful to
theindividual.

https://pediatrics.,jmir.org/2022/2/e34822

Further Study

The logic model presented here requires further study.
Evaluating changes in identified biopsychosocial constructs
may improveclinical delivery of active rehabilitation. Continued
efforts to reconceptualize recovery from concussion through a
biopsychosocial lens with an emphasis on function and
participation may aso identify new targets for change in
rehabilitation and inform astronger 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 methodol ogy 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 thisfield, 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 socia support and should be
explored in this population.

Conclusions

TeleeAR 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  intervention isunderway, and if warranted, more rigorous study
also be helpful to clinicians and families of youth with should be undertaken to determine intervention effects and
concussion to inform remote care during the COVID-19 contributetoidentifying best practicesfor telehealth concussion
pandemic. Research to evaluate the feasibility of this servicesthat support youthinatimely return to activity.
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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 Activitiesand Lifestyle (MEDAL) is an interactive web-based diary devel oped to collect time-use information from children
aged 10 years and older.

Objective: Thisstudy evaluated thevalidity 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 accel erometer-measured MV PA (r=0.37,
95% Cl 0.20-0.54), inactivity (r=0.36; 95% CIl 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 al 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% CIl 0.11-0.44; night sleep: 1CC=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 L PA on weekend days. Finally, based on Bland-Altman plots, we observed that with increasing MV PA,
children tended to report higher MV PA than that measured by the accelerometer. There were no clear trendsfor 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 MV PA, inactivity, and night sleep although actual time spent in these behaviors may differ from
accelerometer-derived estimates; self-reported L PA warrant cautious interpretation. Observabl e differencesin reporting accuracy
exist between weekdays and weekend days.

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

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

digital health; behavior

Introduction

I dentifying trendsin children’stime 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 severa countries,
including Singapore [3], have developed integrated movement
guidelines to reinforce the importance of |eading balanced and
active lifestyles.

Understanding the lifestyle behaviors of childrenin relation to
the integrated guidelines developed can potentiate the
development of targeted behavioral interventionsand 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 areinexpensive
and easy to administer, however, are subject to the reliance on
the respondent’s memory, resulting in recall bias and socia
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
guestionnaires 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. Thereisthusademand for assessmentsthat 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].

https://pediatrics.,jmir.org/2022/2/e33312

These limitations impede the understanding of children’'s
behaviorsand consequentially limit the devel opment 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 applicationsto 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 agein Singapore[18]. Usability testing suggeststhat MEDAL
is afeasible 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
spentin MV PA, LPA, inactivity, and dleep among children aged
10 to 11 yearsin Singapore. We hypothesized that children at
thisage 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 schoolsin 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 navigationsin MEDAL.
Participantswereinstructed to record the diet and activitiesthat
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. Participantswere also allowed to select concurrent
activities that occurred while engaged in “Travelling,” “Eat &
Drink,” or “Sitting Activities.” When “Active Activities’ was
selected, the partici pants were prompted to report their perceived
intensity of the activity based onthe“ Talk Test” [19]. Selecting
“Just alittle 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 afew wordswithout pausing”
indicated that the activity was of vigorous intensity. All other
activity entries (ie, excluding “Active Activities’) were coded
as “night dleep,” “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 anonremovable strap on their nondominant

https://pediatrics.,jmir.org/2022/2/e33312

Tanet a

wrist during the demonstration session. The accelerometers
wereinitialized to start recording raw acceleration dataat arate
of 80 Hz from midnight of the day after the demonstration
session. The participants were instructed to wear the
accelerometersat al 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 alowed the aobjective 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[ENMQ]), awear
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 accel erometer wear days that corresponded with the day
of MEDAL recording. Sleep duration was assessed using the
method devel oped 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 hourswere classified asinactivity
(ENMO <35.0 mg), LPA (ENMO 35.0-200 mg), or MVPA
(ENMO >200.0 mg) based on accel eration threshol ds devel oped
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 thefirst sign-in on MEDALL, participantswere 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] x 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 entrieswith implausible valuesreported were excluded
from the analysis. Additionally, each participant’s graphical
acceleration datawere visually inspected, and dayswhere 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
behaviorswould 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
caculated 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

Tanet a

95% limits of agreement (LoA) to visualize agreement and
investigate trends of bias in the self-reports when compared to
accel erometer measurements. All statistical testswere 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 wereincluded
inthe analysis (66%). Figure 1 summarizesthe participant flow
diagram of this study.

Participantswere 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 accel erometer wear time per day (data not
shown). Table 1 summarizes the demographic and compliance
information of our sample.

Figure1l. 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)2

Age, n (%)
10 years
11 years
12 years
Sex, n (%)
Females
Males
BMI for age, n (%)
Underweight (<5th percentile)
Healthy (5th to <90th percentile)
Overweight (=90th percentile)
Internet access, n (%)
Yes
No
Valid accelerometer wear time (hours/day), median (IQR)

20 (41)
28 (57)
12

20 (41)
29 (59)

10 (22)
33 (69)
5 (10)

43 (98)
1(2)
24.0 (23.7-24.0)

@0ne participant had missing BMI-for-age information, and five participants had missing information on internet access.

Accelerometer-M easured and Self-Reported M ovement
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 accel erometer measurements, the participants
reported lower LPA (312.1 min/day vs52.5 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 accel erometer-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 al days, weekdays, and weekend days

(minutes/day).

Type of move-

Average of al days (m/d®), median (IQR) Weekdays (m/d), median (IQR) (n=41)

Weekend days (m/d), median (IQR)

ment behavior (n=49) (n=45)
Accelerometer (IQR)  MEDAL (IQR) Accelerometer (IQR) MEDALP (IQR)  Accelerometer (IQR)  MEDAL (IQR)
MVPAC 53.5(37.3-77.6) 60.0(0.0-120.0) 62.3 (43.5-86.5) 70.0(32.5-150.0) 47.3(32.8-73.0) 42.5(0.0-120.0)
Lpad 312.1 (257.7-356.6) 525(30.0-95.0) 345.2(297.5-390.2) 55.0(32.5-77.5) 297.8(243.3-328.7) 450 (27.5-
130.0)
Inactivity 567.2 (510.5-640.3) 7425 (650.0-  612.4(539.8-657.0) 767.5(720.0- 547.0 (495.2-604.6) 715.0 (587.5-
807.5) 870.0) 780.0)
Night sleep 488.8 (432.5-556.5) 545.0 (485.0-  431.4(389.2-468.6)  492.5 (435.0- 546.1 (488.5-582.8) 595.0 (540.0-
612.5) 530.0) 657.5)

3m/d: minutes per day.

PMEDAL: My E-Diary for Activitiesand Lifestyle.
°MVPA: moderate-to-vigorous physical activity.
dipa: light physical activity.

Correlation Between Accelerometer-Measured and
Self-Reported M ovement Behavior Durations

Spearman correl ation tests reveal ed astrong correl ation between
accel erometer-measured and self-reported night sleep (r=0.58;

https://pediatrics.,jmir.org/2022/2/e33312

95% CI 0.43-0.74). Therewasamoderate correlation for MV PA
(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 MV PA (r=0.44;

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |€33312 | p.86
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

95% Cl 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 amoderate-to-strong

Tanet a

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

Table 3. Spearman correlation and 1CC between accel erometer-measured and self-reported time spent in each movement behavior.

Type of movement  Average of all days (n=49)

Weekdays (n=41)

Weekend days (n=45)

behavior
r (95% CI)? IccP (95% CI)© r (95% CI) ICC (95% CI) r (95% CI) ICC (95% CI)

Mvpad 0.37(0.20t0 0.54)  0.24 (0.07 to 0.40) 0.15(-0.16t0 0.05(-0.23t00.33) 0.44(0.23to 0.35(0.13t0 0.53)
0.47) 0.65)

LPAE 0.19(0.02t00.36)  0.19(0.01 to 0.36) 0.01(-0.27to0 0.10(-0.18t00.37) 0.33(0.10to 0.32(0.09t0 0.51)
0.30) 0.56)

Inactivity 0.36(0.18t00.54)  0.29 (0.11t0 0.44) 0.36 (0.05t0  0.32(0.05t0 0.55) 0.32(0.09to 0.18 (-0.05 to 0.40)
0.66) 0.55)

Night sleep 0.58(0.43t00.74)  0.45(0.29 to 0.58) 0.64(0.45t0 0.44(0.18t0 0.64) 0.25(-0.01to0 0.11(-0.13t00.33)
0.84) 0.50)

35pearman correl ation 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.

ClcCswere interpreted as poor (<0.50), moderate (0.50-0.74), good (0.75-0.90), or excellent (>0.90) agreement.

dMVPA: moderate-to-vi gorous physical activity.
LPA: light physical activity.

Agreement Between Accelerometer-Measured and
Self-Reported M ovement 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
deep (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 daysin MV PA,
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 MV PA) reported lower MV PA levels
than those measured by the accelerometer. As MVPA levels

https://pediatrics.,jmir.org/2022/2/e33312

increased, reporting higher MV PA levels than those measured
by the accel erometer 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, accel erometer-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 accel erometer-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); MV PA: moderate-to-vigorous physical activity.
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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 MV PA, higher inactivity, and higher night sleep durations
than those measured by the accel erometer. Moderate-to-strong
correlations were observed between accel erometer-measured
and self-reported MV PA, inactivity, and night sleep, while LPA
demonstrated a poor correlation. There was generally poor
agreement between accel erometer-measured and self-reported
values for al behaviors. Differences between weekdays and
weekend daysin correl ation and agreement between self-reports
and accelerometer measurements were al so observed.

We demonstrated that some movement behaviors were better
reported on MEDAL compared to others. In particular, LPA
was most poorly reported, asit had the lowest correlation with
accelerometer measurements, and a similar strength of
correlation wasreported previously (r=0.09) [32]. Theliterature
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]. Thisis 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

https://pediatrics.,jmir.org/2022/2/e33312

RenderX

LPA

500

100 200 300 400
L

Accelerometer - MEDAL (min/day)

0

-100

v T T r T
'] 50 100 150 200 250 300 350 400
Average of accelerometer and MEDAL (min/day)

Night sleep

Acceleromater —- MEDAL (min‘day)
-T00-600-500-400-300-200-100 0 100 200 300
L | |

T v T r
200 400 500 800
Average of accelerometer and MEDAL (min/day)

misreported. The strength of associations between self-reported
and accelerometer-measured MV PA 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 correl ation 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 al activities undertaken inaday is
difficult for children [8], contributing to the recall bias that
underlies observabl e differencesin 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
asdeeping but detected from accel erometer datato 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 previoudly 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, weinvestigated 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] aswell asregular school-day
routines in which the majority of activities are inactive (eg,
lessons in school) [44], making them easier to recall.
Explanations for differencesin 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 redlity, 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-reportsrelating 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 MEDALL, 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
impetusfor selecting an appropriate method to assess movement
behaviors, whether self-reports or objective assessments or a
combination of both, isdependent on the research question [45].
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Our findings suggest that based on self-reportson 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 afull or closeto afull 24-hour day to be objectively measured
for comparison with self-reports on MEDAL. The reporting of
all 4 movement behaviors was investigated, alowing us to
review the validity of MEDAL asatool 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, accel erometer-measured MV PA
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 waketime versus bed time
towaketime), accelerometers might beless adequate asameans
of comparison against self-reported sleep durations. We aso
removed 1 MEDAL entry of a participant whom we deemed to
have reported implausible values. Sensitivity analyses, however,
revedled that including the entry did not affect results
substantially. We al so 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 accel erometer
measurements. Self-reported estimates for inactivity and sleep
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on weekdays might be more accurate than those on weekend  Findings of this study will facilitate the interpretation of future
days, whereas self-reported estimates for MVPA and LPA on  data collected using MEDAL.
weekend days might be more accurate than those on weekdays.
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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. Thiswork provides
an up-to-date examination of the available intervention options and their effectiveness for children and young people (CY P).

Objective: Inthis systematic review and meta-analysis, we aimed to determine the evidence available for the effectiveness of
internet-delivered interventions for treating anxiety and depressionin 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 depressionin CY P by being either directly delivered to the CY P or delivered viatheir parents. Studieswereeligible
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 criteriafor the systematic review, of which 16 wereincluded 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%
Cl 0.24-0.80; P<.001), and 5 comparisons of quality of life showed no effect (Hedges g=—0.01, 95% CI -0.23 t0 0.21; P=.94).

Conclusions: Theresults 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 interventionsfor CYP.

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

(IMIR Pediatr Parent 2022;5(2):€33551) doi:10.2196/33551
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Introduction

Background

Depression and anxiety disorders rank high among the
difficulties for children and young people (CY P), contributing
to significant disability, and are associated with lasting
intellectual, academic, and socia 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 lifein adulthood [5,6]. Failure to access treatment at
such acritical developmenta 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
agreater chance of families disengaging from treatment [11].

Global inadequaciesin 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,
whichinhibitsthe expansion of service provision, isthe scarcity
of highly trained therapists and supportersto deliver therapeutic
content [13], especialy inrelationto CYP[14]. Ina2017 review
of mental health servicesfor CY Pinthe United Kingdom, CY P
reported concerns that the staff members were not adequately
trained to meet their needs [15]. Additional personal barriersto
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 interventionsare 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 accessto care, the use of technol ogy-based
treatments has improved patient and family outcomes and
quality of life[9]. Evidence has shown comparabl e effectiveness
of internet-delivered interventions and face-to-face brief
psychologica interventions in treating depression and anxiety
in adults (Palacios J, unpublished data, April 2022) [20] and
some evidence for their usein CYP [21].

https://pediatrics,jmir.org/2022/2/e33551
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In general, studies of internet-delivered interventions for CYP
have lagged behind adult equivalents, and previous systematic
reviews have sought to addressthis[22,23]. However, the update
from Grist et a [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]. Holliset a [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
rubricc Hollis e a [17] recommended evauating
evidence-based, core components of digital-delivered
interventions (ie, active ingredients of interventions associated
with uptake, adherence, and clinical outcomes).

Objectives

Itis till 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 evauate the current state of
evidencefor 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 adol escents.

Methods

Literature Search

This systematic review and meta-analysis was completed in
linewiththe PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and MetaAnalyses) 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 eligibletrial protocolsidentified 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.
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Search category Examples of search terms

Population
Presenting problem Depression® or anxiety® or mental health®
Intervention

Medium

Child? or adolescent? or parent? or parenting®

Therapeutics? or psychotherapy? or intervention® or pg/choeducatb or managb or train®

Internet® or computerb or web® or online® or technol ogb or phone applicationb or appb or mobile?

3\eSH (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
CYPR, for whose symptoms the intervention was primarily
intended, to be aged <18 years; and (4) haveonly included CY P
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-anaysis, 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).

https://pediatrics,jmir.org/2022/2/e33551

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 alist 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 Socia 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

Therisk of biaswas determined for each study included in the
meta-analysisbased on the CLEAR NPT (Checklist to Evaluate
aReport of a Nonpharmacological Trial) checklist [26], which
evaluates the quality of RCTs addressing nonpharmacol ogical
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 al 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, asthe CLEAR NPT checklist does
not provide an overall degree of study quality.

M eta-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 precedenceif 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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trialsin 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 wasto be entered into the analysis
twice was halved to alow 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 asmall effect, 0.33-0.55for
amoderate effect, and 0.56-1.2 for alarge 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 viarestricted maximum
likelihood, and heterogeneity was assessed using the Q value,
12 statistic, and prediction intervals (Pls). According to Higgins
and Thompson [36], an I2 value of 0% indicates no
heterogeneity, 25% indicates |ow 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 theinclusion 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 effectswere
assessed through the same models as posttreatment effects,
where this was feasible (ie, a sufficient nhumber of studies

https://pediatrics,jmir.org/2022/2/e33551
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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 atype 1 error were conducted. Moderatorswere 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 eigibility, of which 213 did not meet the eligibility
criteria and were excluded. Finaly, 23 studies were deemed
eligible for the systematic review, and an additiona 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.

Total number of
records produced
from database
searches (n=1014)

Records identified via other sources
(ie, checking references of other

reviews) (n=7)

645 records
excluded based
on title

874 records after
duplicate deletions

Eilert et al

236 full-text articles assessed

for eligibility

(n=5)

(n=23)

23 studies included in the
systematic review

213 full-text articles excluded:
« Average age >18 years (n=94)
« Not an outcomes study (n=21)

+ Intervention not internet-
delivered (n=22)

« Intervention for anxiety or de-
pression (n=10)

« Not current symptoms of anxiety
. or depression (n=22)

¢ No pre-post data available (n=6)

« High-intensity intervention or
support (n=2)

« Secondary analysis of other trial

« Literature review or theory paper

¢ Trial protocol (n=7)

e Duplicate (n=1)

analysis

7 studies excluded from meta-

« No control group (n=5)

s Cluster randomized (n=2)

16 studies included in the
meta-analysis

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,

https://pediatrics,jmir.org/2022/2/e33551

RenderX

email, flyers, websites, local media (radio, newspaper, etc),
socia media, youth centers, guardians, or parent groups. A total
of 11 studies involved recruitment from different care settings

States.

such asgeneral 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
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Table 2. Study characteristics, constructs of interest, and outcome measures used across meta-analyses.

Eilert et al

Study andcoun- Sample size Age, Eligibility criteria Control (n) Outcomesincluded in meta-analysis
try (N)2 mean
(range)
Anxiety Depression  Impaired Quality of
functioning life
Anderson et al, 2012 [39]
Australia  N=132 (female 12.12(7- Structuredclinica inter- No control _b — — —
70, male 62) 18) view group
Conaughton et al, 2017 [40]©
Audralia  N=42 (female  9.74(8-  Structuredclinical inter-  Wait-list scasc/Pd — CGASSdini- —
6, male 36) 12) view (n=21) cian rated
deVoogd et al, 2017 [41]°
The N=119 (female 15.68 >16 SCAREDf or>7 Placebo SCARED CDI — —
Nether- 75, male 44) (12-18) cDI9 (n=39)
lands
deVoogd et al, 2017 [42]°
The N=108 (female 14.45 >16 SCARED or >7 Placebo SCARED CDI — —
Nether- 72, male 36) (11-19)  CDI (n=32), wait-
lands list (n=38)
Hoek et al, 2012 [43]°
The N=45, (femae 16.07 Self-report (mild to Wait-list HADS-A CES-D! — —
Nether- 34, male 11) (12-21) moderate depressive (n=23)
lands and/or anxiety symp-
toms, NIMH DISC-
vh
Ip et al, 2016 [44]°
China N=257 (female 14.6 (13- CESD-Rscoreof 12-40 Attentioncon- pasg.21X  CESD-R — —
175, male82) 17) trol (n=127) anxiety sub-
scale
Jolstedt et al, 2018 [45]¢
Sweden N=131, (female 9.75(8- >Moderate anxiety dis- Web-based RCADS-child — CGASclini- KID-
70, male 61) 12) order diagnosis child-directed gnq parent cian rated SREN"did
play (N=65)  rged and parent
rated
Lindqvist et al, 2020 [46]°
Sweden N=76 (female  16.6 (15- Unipolar mgjor depres- Web-based GAD-7° QIDS-A17- — —
61, male 15) 18) sive disorder diagnosis  supportive SR
(=10 0ntheQIDS-A17- contact (n=38)
SRs")
March et al, 2018 [47]
Australia  N=4425 (fe- 12.95 (7- =84th percentile or t No control — — — —
male 2938, 17) score =60 onthe CAS-  group
male 1406, oth- gP
er=81)
Moeini et al, 2019 [48]
Iran N=128 (female 16.2(15- CESD scoreof 10-45 Cluster-ran- — — — —
128) 18) domized con-
trol only
Morgan et al, 2017 [49]°
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Study andcoun-  Sample size Age, Eligibility criteria Control (n) Outcomes included in meta-analysis
try (N)a mean
(range)
Anxiety Depression  Impaired Quality of
functioning  life
Australia  N=433 (female 4.8(3-6) Temperamental inhibi- Wait-list PASR-pa- — CALIS —
228, male 205) tion(>30onthe Ap-  (n=218) ent rated PVS-parent
proach subscale of the rated
STSCY
Reuland and Teachman, 2014 [50]
United N=18 (female 13 (10- Structured clinical inter-  No control — — — —
States 13, maeb5) 15) view group
Rickhi et al, 2015 [51]¢
Canada Adolescentsub- 153 (12- cpRrs-R!scoreof 40-  Wait-list — CDRSR — —
group only 18) 70 (n=13)
N=31 (female
26, male5)
Silfvernag et al, 2015 [52]
Sweden N=11 (female  16.8 (15- Structuredclinica inter- No control — — — —
6, mae5) 19) view
Spence et al, 2011 [53]¢
Australia  N=115 (female 13.98 Primary diagnosis of Face-to-face =~ SCASCIP — CGAS<clini- —
68, male 47) (12-18)  generdlizedanxiety dis-  cBTY (n=44), cian rated
order, separation anxi-  \yait-list
ety disorder, social (n=27)
phobia, or specific pho-
bia
Spenceet al, 2017 [54]°
Australia  N=125 (female 11.29 (8- Structuredclinica inter- Wait-list SCASCIP — CGAS<clini- —
75, male 50) 17) view (n=30) cian rated
Sportel et al, 2013 [55]
The N=240 (female 14.1(13- Structuredclinica inter- Cluster-ran-  — — — —
Nether- 174, mae66)  15) view domized
lands groups only
Stasiak et al, 2016 [56]
New N=42 (female 11.1(7- Structuredclinica inter- No control — — — —
Zedand 22, male 20) 15) view group
Stjerneklar et al, 2019 [57]°¢
Denmark  N=70(female = 15(13-  Structuredclinical inter- Wait-list SCASC/P  MFQ- CALISV-child  WHO-5
55, male 15) 17) view (n=35) SV_childand rated
parent rated
Tillforset al, 2011 [25]¢
Sweden N=19 (female  16.5(15- Cutoff for social anxi- Wait-list BAIY MADRS- S — QoLI®
17, mae 2) 21) ety disorder (Socia (n=9)
Phobia Screening
Questionnairefor Chil-
dren)
Topooco et al, 2019 [58]¢
Sweden N=70 (female  17.5(15- Depressivesymptoms Minimal atten- BAI BDI-II — BBQX®
67, male 3) 19) (BDI-11® score>14) or  tion control
major depressive (n=35)

episode as per struc-
tured clinical interview
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Study andcoun-  Sample size Age, Eligibility criteria Control (n) Outcomes included in meta-analysis
try (N)a mean
(range)
Anxiety Depression  Impaired Quality of

functioning  life

Topper et al, 2017 [59]°

The N=251 (female 17.45 Excessive levels of In-person MASQ- BDI-II — —
Nether- 210, male4l) (15-22)  worry and rumination  group CBT D307 anxi-
lands as per population per-  (n=82), wait- ety arousal

centile cutoffs list (n=85) subscale

Vigerland et al, 2016 [21]°¢

Sweden N=93 (female  10.1(8-  Structuredclinica inter- Wait-list SCASC/IP — CGAS-clini- QOLI-C
51, male 42) 12) view (n=47) cian rated

AW here applicable, sample size is presented as the number male and female participants.
PNot available.

CStudy included in the meta-analysis.

dscas-cip; Spence Children’s Anxiety Scale-Parent Version and Child Version.
®CGAS: Children’s Global Assessment Scale.

fSCARED: Screen for Child Anxiety—Related Emotional Disorders.

9CDI: Children’s Depression Inventory.

PNIMH DISC-1V: National Institute of Mental Health Diagnostic Interview Schedule for Children Version IV.
'HADSA: Hospital Anxiety and Depression Scale (Anxiety Subscal€).

ICES-D: Centrefor Epidemiologic Studies Depression Scale (also CESD-Revised).
KDAsS-21: Depression Anxiety and Stress Scale.

IRCADS: Revised Children’s Anxiety and Depression Scale.

MK IDSCREEN-C/P; Health Related Quality of Life Questionnaire for Children and Young People and their Parents.
"QIDS-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.

9STSC: Short Temperament Scale for Children.

'PAS-R: Revised Preschool Anxiety Scale.

SCALIS-PV: Children’s Anxiety Life Interference Scale-Preschool Version.

'CDRS-R: Children's Depression Rating Scale-revised.

UCBT: cognitive behavioral therapy.

YMFQ-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.

“MADRS-S: Montgomery Asberg Depression Rating Scale-Self-rated.

#BQOLI: Quality of Life Inventory (also QOLI-Child Version).

BDI-11: Beck Depression Inventory.

%BBQ: Brunnsviken Brief Quality of Life Scale.

adMASQ-D30: Mood and Anxiety Symptom Questionnaire.

https://pediatrics.jmir.org/2022/2/€33551 JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |€33551 | p.101
(page number not for citation purposes)

RenderX


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

JMIR PEDIATRICS AND PARENTING Eilert et al

Table 3. Description of recruitment strategies and interventions used within studies included in meta-analyses.

Study and intervention (n) Recruitment source Number of modules  Support Intervention engagement
and intervention du-
ration

Anderson et al, 2012 [39]

iCBT2for anxiety disorders Recruited viaadvertisingin  15-16 (10 youthand Weekly emailsandone  Youth completed an average of
delivered to youth and parents themediaand referralsfrom  5-6 parent modules) 15-minutetelephonecall  8.86 out of 10 sessions; parents

(n=132) guidanceofficersand mental  over 12 weeks with clinician completed an average of 4.76 out
health professionals of 5or 5.74 out of 6 sessionsiif
assigned 6.

Conaughton et al, 2017 [40]b
iCBT for anxiety disorders ~ Recruited viaadvertisingin 16 (10 youthand 6  Weekly web-based con-  Youth completed an average of

dedliveredto youth and parents  themediaand referralsfrom  parent modul es) tact and one short phone 6.7 out of 10 sessions; parents
(n=21) guidance officers, teachers, over 10 weeks call with atherapist completed an average of 4.86 out
parents, GPs’, and mental of 6 sessions.
health professionals and
self-referral

de Voogd et al, 2017 [41]°

iceMYfor anxiety and depres- Recruited from 4 secondary 8 modules over 4 No support Those in scenario training com-
sion delivered to youth (sce-  Schools weeks pleted an average of 5.56 out of
nario training n=36; picture- 8 modules, and those in picture-
based training n=44) based training completed an aver-

age of 5.91 out of 8 reviews.

de Voogd et al, 2017 [42]°

iABM®for anxiety and depres- Recruited from 4 secondary - 8 modules over 4 No support Participants completed an aver-
sion delivered to youth (n=38) schools weeks age of 5.74 out of 8 modules.

Hoek et al, 2012 [43]°

Internet-based problem-solv-  Recruitment viaadvertising 5 modules over 5 Weekly automated 6 participants compl eted 5 out of

ing therapy for depressionand  in schools, mental health weeks emailsand exercisefeed- 5 modules, 10 completed =3, 5

anxiety delivered to youth clinics, and mediaand refer- back viaemail by mental completed 1-2, and 1 participant

(n=22) rals from school doctors health professional and  completed none of the modules.
authors

Ip et al, 2016 [44]°

Integrative iCBT for major Recruited from 3 secondary 10 modulesover 8  No support 26 participants completed 10 out
depression prevention schools (1 all-girlsand 2 months of 10 modules; 55 participants
( ATCH-ITf) delivered to coeducational schools) completed 5 or more modules.

youth (n=130)
Jolstedt et al, 2018 [45]°

Exposure-based iCBT for Recruited via advertising 12 modules over 12 Weekly asynchronous Thosein treatment completed an
anxiety delivered to parents  and referrals from mental weeks web-based therapist sup-  average of 8.91 out of 12 mod-
and youth (n=66) health services port ules.

Lindqvist et al, 2020 [46]°
Internet-based, affect-focused  Recruited viaadvertisingon 8 modules over 8 Web-based feedback and  Participants completed an aver-

psychodynamic therapy for ~ socia media, youth centers, weeks 30-minutes weekly chat  age of 5.8 out of 8 modules and
depression delivered to youth  and clinics with atherapist attended 6.6 out of 8 chat ses-
(n=38) sions.

March et al, 2018 [47]

iCBT for anxiety deliveredto Recruited viaself-referral, 10 modulesover 20 No support Average number of modules

youth (n=4425) health or education staff, weeks completed was 2.21 out of 10;
and advertising health infor- 21.65% of participants did not
mation web sites complete the first module.

Moeini et al, 2019 [48]
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Study and intervention (n)

Recruitment source

Number of modules
and intervention du-
ration

Support

I ntervention engagement

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

Morgan et al, 2017 [49]P

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

Recruited from all-girlshigh
schools

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

Reuland and Teachman, 2014 [50]

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

Rickhi et al, 2015 [51]°

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

Silfvernag et al, 2015 [52]

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

Spenceet al, 2011 [53]°

iCBT for anxiety disorders

delivered to youth and parents

(n=44)

Spence et al, 2017 [54]b

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

Sportel et al, 2013 [55]

iCBM for social anxiety deliv-
ered to youth (n=86)

Stasiak et al, 2016 [56]

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

Stjerneklar et al, 2019 [57]°

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

Tillforset al, 2011 [25]°

iCBT for social anxiety deliv-
ered to youth (n=10)

Recruited viaflyers, adver-
tisements, and social net-
working

Adolescent subgroup recruit-
edviaemail, posters, media,
schools, health profession-

als, and youth organizations

Referral viaguardian, clinic,
and self-referral

Recruited viamediaadvertis-
ing and referralsfrom school
guidance officers, GPs, and
mental health professionals

Recruited viaschoals, parent
groups, mental health profes-
sionals, guidance officers,
the media, and self-referra

Recruited via 24 schools

Recruited through referrals
from GPs and school public
health nurses

Recruited via advertising
and referrals from local
health services

Recruited via advertising
newspapers and in schools

8 modules over 12
weeks

8 modules over 24
weeks

8 modul es (duration:
N/A)

8 modules over 8
weeks

6-9 modules over 6-
18 weeks

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

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

20 over 10 weeks

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

8 modules over 14
weeks

9 modules over 9
weeks

Web-based messages
from psychiatrist

Support-on-demand
(psychologist)

Unsupported with 90-
minute group meetingsto
obtain youth feedback on
intervention

No support

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

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

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

No support

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

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

Email feedback after
each homework assign-
ment by therapist

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

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

Average number of modules
completed was 5.

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

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.

iCBM participants completed on
average 8.5 out of 20 sessions.

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.

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

out).

Participants finished on average
2.9 out of 9 modules.
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Study and intervention (n) Recruitment source

Number of modules  Support

I ntervention engagement

and intervention du-

ration

Topooco et al, 2019 [58]°

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

iCBT for depression delivered

to youth (n=35) weeks

Topper et al, 2017 [59]b

8 modules over 8

Weekly synchronous
therapist support sessions
viaplatform chat feature

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

Rumination-focusediCBT for  Recruited through 13sec- 6 modules over 6 Clinical psychologist of- Thosewho started iCBT complet-
anxiety disorder and major ondary schoolsand 2 univer-  weeks fered feedback after each  ed an average of 3.96 out of 6
depression prevention deliv-  sities session sessions; 9.9% did not start
ered to youth (n=84) iCBT.

Vigerland et al, 2016 [21]°
iCBT for anxiety disorders  Recruited viamediaadver- 11 (4 youth and 7 Web-based messagesor ~ Average number of modules
delivered to both youthand ~ tisement and self-referral parent) modules feedback, 3 phonecalls, completed was 9.7 out of 11.
parents (n=46) over 10 weeks and optional additional

callswith therapist

8 CBT: internet-delivered cognitive behavioral therapy.
bStudy included in meta-analysis.

CGP: general practitioner.

4iCBM: internet-delivered cognitive bias modification.
S ABM: internet-delivered attentional bias modification.

fCATCH-IT: Competent Adulthood Transition with Cognitive Behavioral Humanistic and Interpersonal Training (Chinese adaptation).

91 nformation 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 RCTSs, 13 of which featured await-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
comparisonsimplemented aform 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 CY P, and 5 interventions were al so delivered
to the parents; however, 1 intervention was delivered to parents
only [49]. The RCTsincluded participantswith 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 atherapist, psychol ogist, 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],

https://pediatrics,jmir.org/2022/2/e33551

to 16, offered to both parents and CY P [40,54]. Tables2 and 3
provide an overview of these findings.

Description of StudiesExcluded Fromthe 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].

M eta-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 symptomsin 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 (Q14=32.42; P=.03; 12=41.4%), with the PI
crossing the zero line of no effect (95% Pl —0.66 to 0.15). Model
diagnostics suggested one potentia 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;

Eilert et al

P<.001; Q45=23.29; P=.18; 12=22.7%), and a narrower Pl no
longer crossing zero (95% Pl -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 (Q,=6.13; P=.046). Figure 2
[21,25,40-46,49,53,54,57-59] showsthe 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 behaviora 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-iICBM: scenario training internet-delivered cognitive bias

modification; WL: wait-list.
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Conaughton, 2017
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Spence (CBT contral), 2011
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1= = 41% [0%: 66%)], %7, = 32.46 (p = 0.03)

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).
Therewasahigh amount of heterogeneity (Q,,=42.02; P<.001,
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12=71.4%), resulting in awide Pl spanning the zero line of no
effect (95% Pl —1.27 t0 0.73). Themodel diagnostics suggested
the absence of outliers. Subgroup analyses suggested that effect
sizes differed by intervention focus (Q,=7.75; P=.02), with
depression-focused interventions presenting with the largest
effect estimate (Hedges g=—0.68, 95% Cl -1.10 to -0.27;
P=.001). Refer to Figure 3 [25,41-44,46,51,57-59] for further
details.

IMIR Pediatr Parent 2022 | vol. 5| iss. 2 |e33551 | p.105
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

Eilert et al

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.
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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 (Qg=23.27; P=.003; 1>=65.6%), and the Pl was wide (95%
Pl —-0.38t0 1.43). One potential outlier [40] was detected, whose
removal resulted in a smaller effect estimate (Hedges g=0.38,
95% Cl 0.22-0.54; P<.001) but significantly improved
heterogeneity (Q,=9.25; P=.16; 1°=29.6%, 95% Pl 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 I” and Q value
metrics suggested little heterogeneity (Q,=4.70; P=.32;
12=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.

https://pediatrics,jmir.org/2022/2/e33551

RenderX

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%
Cl -0.58 to 0.24; P=.42), with no heterogeneity or outliers
detected (Q¢=0.70; P=.99; 1°=0%, 95% PI —0.71t0 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 waslow (Q,=7.02; P=.43; 1°=0.4%, 95% Pl —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
(F111=6.04; P=.03). Higher percentages of femalesin 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 Sl in
Multimedia Appendix 2) or not feasible owing to a limited
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number of studiesfalling into specific categories(ie, intervention
delivered to parents only, iCBM intervention, and face-to-face
treatment control group).

Quiality of Studies

Risk of Bias

Following screening based on the criteriaoutlinedinthe CLEAR
NPT checklist, the methodological quality assessment ratings
were satisfactory across the included studies. The alocation
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, nonpharmacol ogical trials and self - report
outcome measures do not facilitate adequate blinding of
participants, care providers, or outcome assessors to treatment
allocation, thiswas often not feasible within theincluded 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
samein 71% (10/14) of studies. Where outcome assessorswere
not blinded, none of the studies provided a clear description of
the specific methods used to avoid ascertainment bias, that is,
systematic differencesin 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: t;5=—0.29; P=.77) and depression outcomes
(t1,=—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

https://pediatrics,jmir.org/2022/2/e33551
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treating symptoms of anxiety and depressionin CY P compared
with control groups. Weidentified 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 wereincluded in the meta-analysis. Acrossthese 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, thisfinding
should be considered preliminary. With regard to secondary
outcomes, internet-delivered interventions were associated with
moderate benefits (Hedges g=0.5) in overal levels of
functioning; however, no such effects were observed in terms
of quality-of-life outcomes. Among the few studiesthat 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.

Findingsin 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
0=0.07-0.29[21,22]). Overal, this study appearsto paint amore
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 criteriacompared 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 a [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
[6Q]. Furthermore, with little or no evidence for improving the
quality of life or having sustained benefits, their utility is
guestionable. 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 interventionsfor CY P. 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. Thisis surprising
given the advances in technology and research [63] as well as
the high rates of CY P engagement with technology [64].

Owing to the large heterogeneity in the format of
internet-delivered interventions, Vigerland et al [21] outlinethe
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 theintervention may beinformative 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 genera 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
isimperative. 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 adultsthan 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 CY P, a potential inadequacy of care.

Furthermore, access of caregiversto 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
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incorporated into 9 of theincluded 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 CY P 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 interventionsin 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
theavailability and access of CY P to much-needed menta 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 isimportant to investigate how interventions can effectively
reach and support CY P 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 alied health professionalsin the lives of CYP.

The data set and code used for analysisin this study are available upon request by emailing the corresponding author (NE).
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Abstract

Background: Electronic discharge communication tools (EDCTSs) areincreasingly common in pediatric emergency departments
(EDs). These tool s 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, EMBA SE Scopus, and Web of Science) were searched for studies published between 1989 and 2021. Studies evaluating
discharge communi cation—rel ated outcomes using electronic tools (eg, text messages, videos, and kiosks) in pediatric EDs were
included. In all, 2 researchersindependently assessed the eligibility. Extracted datarelated to study identification, methodol ogy,
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: Intotal, 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 EDCTswere videos, text messages, kiosks, and phone calls. Thetime required to use the tools ranged from 120 seconds
to 80 minutes. The EDCTswere 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 anincreasein return visitsto the ED after receiving theintervention
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://mww.crd.york.ac.uk/prospero/display_record.php?Recordl D=157500

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

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

technology; hospital

Introduction

Communication Isthe Cornerstone of Care

Pediatric patients account for a significant proportion of al
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 al pediatric patients visited the ED with nonurgent
conditions, meaning that most are discharged home, where
parents are expected to manage care. Asaresult, thediscussions
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 dischargeinstructions 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 parentswho had visited the ED with their child made
medi cation 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
aslittleas 76 seconds[12]. Asaresult, interventionsto improve
communication must balance reliability with flexibility across
awide range of clinical presentations.

Using Technology to I mprove Discharge
Communication and Outcomes

The use of information and communi cation technologies (ICTs)
in pediatric health care ingtitutions is increasing, as are the
multiple ways in which different technologies are deployed.
Examples include computer kiosks, mobile apps, interactive

https://pediatrics.,jmir.org/2022/2/e36878

television and whiteboards, electronic health records, videos,
websites, and automated email [13,14]. Technologies create
new opportunitiesfor communication and dynamic updatesfor
patient care; however, at the same time, they can also introduce
potentia 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 technologiesin their care [17].
Hedlth care providers also recommend better and more
appropriate use of ICT to support families in self-managing
careat home[18]. Despite the communication challengesfaced
by families during this transition point, strain on existing ED
resources and the lack of standards and implementation
guidelinesremain significant barriersto 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 acomprehensive 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
toidentify, appraise, and describethe use of EDCTsin pediatric
emergency contexts. Our goal isto advance the knowledge base
for researchers, technology designers, and decision makers to
anticipate theimpact of their communication toolsontheclinical
workflow and the optimal ways to measure impact (Textbox
1).
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Textbox 1. Guiding questions for review.
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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 isthe methodological quality of the studies conducted on EDCTs?
o  What are the implementation context features where EDCTs have been tested?

«  What arethe 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/patientsand 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

Textbox 2. Inclusion and exclusion criteria.

of Science. Theoriginal 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 reviewswere 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 saff 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
weredigiblefor inclusion. Astelephone-based services are part
of Hedth 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.

Inclusion criteria

o Studies conducted in pediatric ED

for analysis

« Publicly availablein English

Exclusion criteria

seatbelt safety)

«  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

«  Studiesconducted in mixed EDs (adult and pediatric) aslong asthe EDCT was eval uated in a pediatric popul ation, and outcomes were disaggregated

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

« Toolsonly targeting health care provider to health care provider communication

«  Reviews, meta-analyses, research protocols, editorials, and case-studies

https://pediatrics.,jmir.org/2022/2/e36878
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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 includein
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 abroad range of study designs was anticipated, the Mixed
Method Appraisal Tool (MMAT) version 2018 [25] was used
for methodological quality appraisal. The MMAT isa?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 [unableto 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

https://pediatrics.,jmir.org/2022/2/e36878
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methodological quality when they met <60% of the MMAT
criteriaand 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 al full-text articles. Asaquality 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 resultswere compared, disagreements
wereresolved 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 patternsin 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 asimplified 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 processis 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.

—
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(n =17,596)
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(n=231)
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« Wrong intervention (eg, no technology involved) (n = 95)
Wrong setting (eg, not in an ED) (n = 67)

Not in English (n = 4)

Duplication of results from another paper/abstract (n = 8)
No outcome data (n = 8)

Included reports
(n=49)

[

Study Char acteristics

The studies were conducted in 8 countries between 1989 and
2021 (Table 1). Theintervention group sample sizeranged from
3t0 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

https://pediatrics.,jmir.org/2022/2/e36878
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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.
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Moduleand Country Condition Sample gpb  Purpose Focus Mainoutcomes Tim-  Frequen- Duration
author and size, N@ ing cy
year
Kiosk
Fineet United Otitismedia, 1072 Mixed Empower pa- Produced sum-  During Par- Dur-  NRC 10 min-
a, 2009 States  urinary tract tientstoelectroni- mary formsfor entLink use, doc- ing utes
[28] infection, head caly providehis- parent-provided umentation of
trauma, and torical aspectsof historical data, painsignificantly
asthma achild'sillness  suggestions improved (28%
and adheretoevi- about how to incomplete [con-
dence-based care  communicate  trol] vs 15% [in-
proactively with  tervention];
staff, summary  P=.003)
of the child's
symptoms,
medications,
and dlergies
and listed atai-
lored action
plan
Joshi et United Asthma 99 Pedi-  Teach children General educa- Tool waseffec-  Dur-  NR NR
a, 2009 States aric  aboutasthmaand tion tiveinimproving ing
[29] its management the asthma
knowledge of
young patients
and those having
lower baseline
knowledge
Kearns United Asthma 4191 Mixed Todeterminethe Measuredpa=  Cumulativeuse Dur-  Once NR
etd, States impact of anelec- tients' severity ~ was associated ing
2021 tronicinterven-  level andprovid-  with significantly
[30] tiononasthma  ed most appro-  reduced odds of
care quality priatecarepath- hospital admis-
way basedon  sion
severity score
and provided
prompts for
medication
Kwok-  United Asthma 31 Pedi- To (1) capture General educa Long-termcon-  Dur-  Once 7 minutes
etd, States aric  fromcaregivers  tion troller medica ing
2018 the critical infor- tions prescribing
[31] mation necessary and screening
to categorize the provision for 19
child's asthma of 31 (61%) and
severity, (2) deliv- 17 of 31 (55%)
er asthma educa- patients, respec-
tion to families, tively
and (3) generate
guideline-based
chronic asthma
management
plansfor the
caregivers and
ED physicians
Morri-  United  Asthma 3084 Mixed Toincreasethe  Genera educa Increaseinnum- Dur- NR NR
son et States number of fami- tion(signsand  ber of familiesre- ing
al, 2021 lies receiving symptoms) ceiving education
[32] asthmaeducation and trending de-
and impact on creasein ED vis-
workflow its
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tions for proac-
tivecommunica
tion, and atai-
lored list of sug-
gestions for the
provider to re-
view.

Moduleand Country Condition Sample gpb Purpose Focus Mainoutcomes  Tim-  Feguen- Duration
author and size, N2 ing cy
year
Morten- Canada Mind-brainin- 38 Pedi-  Toreduce Servicerecom-  No significant After NR NR
son et jury atric  parental reports  mendations difference be-
a, 2016 of postconcussion  linked to e- tween the groups
[33] symptoms and mental health  at 3 months after
caregiver anxiety carebasedon  injury inpostcon-
and stress needs. There-  cussion symp-
sources were toms and family
customized by  stress
patient age, sex,
language, and
region.
Polihro- Canada Mental health 500 Pedi-  Patient’s per- Unclear No significant Dur-  Once NR
nisetal, aric  ceived feasihility differencesin ing
2016 of using web- HEADS-ED
[34] based screening scores were
tool to tailor dis- found between
chargerecommen- participantsin
dations; newly phases 1 and 2
developed web-
based HEADS-
EDY screeni ng
tool inthe ED
Porteret United Asthma 65 Pedi- Designed apa Summarizes Thetool successs After NR 12 min-
al, 2004 States atric  tient-centered in- parent-provided fully links utes
[35] terfacetoadlow  historical data, patent’sdatato
parents of chil-  likely ED-based guideline recom-
dren with asthma actionsandsug- mendations and
to be active gestionsfor the identifies data
providers of parenton proac-  critical to health
knowledgeand  tivecommunica= improvements
promoters of tion with ED
quality of carein providers. Cre-
theED andim-  atesaprovider-
prove quality of  centric form
care summarizing
symptoms,
medications,
and allergies of
the child and
listing atailored
plan for evalua-
tion and treat-
ment on asin-
gle diagnostic
category.
Porteret United Headtrauma; 654 Pedi- Todetermineim- Parententersin- No significant Dur- Once NR
a, 2008 States  dysuria ear aric  pact of interven- formationandis difference be- ing
[36] pain; respirato- tion on error rate  given atailored tweenthoseusing
ry symptoms of orderingand  summary form  thetool and the
and history of prescribingmedi- withall relevant  control group
asthma; fever cation history, sugges-
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Sinhaet United Nonspecific 200 Pedi- Todetermineif a Triage ques- Themean (SD) Dur-  Once 2 minutes
a, 2014 States atric  triagekiosk was  tions supple- timeto enter ing
[37] more efficient mented by au-  medical history
than standard dio promptsin  data by the kiosk
nurse-initiated the patient’s group wassignifi-
triage and to language of cantly shorter
compare accura-  choice. than the standard
cy of medical his- nurse triage
tory and patient group (94.38, SD
satisfaction 38.61vs126.72,
SD 62.61 sec-
onds; P=.001)
Porteret United Nonspecific 131 Pedi- Todeterminethe Parentsreport  No significant After  Once NR
al, 2006 States atric  effect of Par- symptoms, differencesin
[38] entLink parent medications, partnership prob-
satisfaction with  and unmet lems(ie, provider
care experience  needs. and caregiver
related to commu- communication)
nication with
providersand
adoption of
guideline-en-
dorsed process of
care
Video
Bakeret United Fever 140 Pedi-  Improveknowl-  Methods for Thefevervideo Dur-  Once 11 min-
al, 2009 States aric  edgeand ability  takingatemper- had asignificant ing utes
[39] to home-manage ature, outlines  improvement in
fever andreduce indicationsfor  several measures
medically unnec- contacting a relating to knowl-
essary return ED  physician, re-  edge and atti-
visitsfor febrile  futescommon  tudesabout child-
episodes parenta miscon-  hood fever
ceptions about
fever, andidenti-
fies methods to
comfort a
febrile child.
Belise Canada Otitismedia 77 Mixed Todetermineif Instructionson Mediansymptom Dur- NR NR
etal, video discharge  management of ~ severity scorein  ing
2019 instructionswere painandfever  thevideo group
[40] associated with was significantly
improved symp- lower than the
tomatology, func- paper group, even
tional outcome, after adjusting for
and knowledge preintervention
compared with a AOM-SOS and
paper handout medication (anal-
gesicsand antibi-
otics) given by
caregivers 8 (7-
13) vs 10 (7-13),
respectively,
P=.004
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Bloch United Fever 107 Pedi- Improvecaregiv- General educa= Thegroupreceiv- Dur-  NR 3 minutes
and States atric  er'scomprehen-  tion (eg, symp- ingvideoinstruc- ing
Bloch, sion of their tomsand treat-  tions scored sig-
2013 child’'smedical  ment options)  nificantly higher
[41] condition, treat- inthe ED immedi-
ment, and follow- ately following
up and improve intervention (12.2
caregiver satisfac- vs89)and2to5
tion days after dis-
charge (11.1vs
7.8)
Bloch  United Vomitingor 68 Pedi- Improvecaregiv- General educa- Intervention Dur- NR 3 minutes
and States  diarrhea aric  er'scomprehen-  tion (eg, symp- groupscoredsig- ing
Bloch, sion of their tomsand treat-  nificantly higher
2013 child’'s medical ment options)  on knowledge
[41] condition, treat- (12.2vs8.9) and
ment, and follow- 2to 5 days after
up and improve discharge (11.1
caregiver sdtisfac- vs7.8)
tion
Bloch United Asthma 41 Pedi- Improvecaregiv- Genera educa- Intervention Dur- NR 3 minutes
and States atric  er'scomprehen-  tion (eg, symp-  group video ing
Bloch, sion of their tomsand treat-  scored significant-
2013 child’'s medical ment options) |y higher on
[41] condition, treat- knowledge (12.2
ment, and follow- vs8.9)and2to5
up and improve days after dis-
caregiver satisfac- charge (11.1vs
tion 7.8). At follow-
up, 29% of the
written and 42%
of the video
groupsrated their
dischargeinstruc-
tionsasbeing ex-
tremely helpful. |
Boy- United Asthma 590 Mixed Teachandrein- Coverssigns Number of pa- Dur- NR 6 minutes
chuk et  States forcebasic self-  and symptoms  tients possessing ing
al, 2006 management con-  of asthma, awritten asthma
[42] cepts pathophysiolo-  action planin-
gy, treatment creased from 48
(includingmedi- to 322
cations), how to
use the asthma
action plan, and
demonstration
of equipment
use.
Golden- Canada Fracture 117 Pedi-  To determine Recognitionof Theeducational After NR Unlimit-
Plotnik atric  whetheraneduca pain, over-the-  video changein ed for
etd, tional videowas counter anal- knowledge 120 hours
2018 superior to stan-  gesic dosing (delta)=2.3 (95%
[43] dard carefor pain andindications, Cl 1.3-3.3);
management risksand safety  P<.001
in children, and
signsand symp-
toms of pain
and misconcep-
tions about
treating painin
children
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Hoek et Nether- Nonspecific 174 Mixed Determine Link to web- Significantdiffer- After  Unlimit- NR
al, 2020 lands whether written  based video encein written ed
[44] andvideoinstruc- withinforma-  over oral but
tionsimprovere- tion on anal- video was only
call on how to gesicsdosing  viewed by 5% of
use analgesics and scheduling  participants
aimed to refute
prejudice about
use
Ismail United  Fever; head 31 NR Improve caregiv-  Information Theintervention Dur-  Once 6 minutes
etd, States  injury er'scomprehen-  aboutdiagnosis, group hadasig- ing
2016 sion of their treatment, dis-  nificantly higher
[45] child’'sdiagnosis, ease process, percentage of
treatment, and and discharge  correct answers
follow-up care instruction. on postinterven-
tion tests (median
99.89) than the
control (median
75.73) P<.001
Jové- Spain Gastroenteritis 69 Mixed Toevaluateif the General educa- Greaterimprove- Dur-  Once 2 minutes
Blanco video improved  tion (eg, etiolo- mentinknowl-  ing
etd, comprehension; gy, treatment,  edgeamonginter-
2021 patientsweresat- signsandsymp-  vention group
[46] isfied and de- toms, efter-care,
creased return and reasons to
visits reconsult)
Jung et South Head injury 95 Pedi-  Improvedis- Genera educa- Videoexplana=  Dur-  Once NR
al, 2011 Korea atric  chargeingtruction tion tion to parents ing
[47] comprehension with children
with minor head
traumain the pe-
diatric EDs can
increasethe satis-
faction compared
with previous pa-
per-using instruc-
tion method
Ladde United Asthma 29 Pedi-  To determine Generd infor-  Admit rate for Dur- NR NR
etd, States aric  whetheraneduca mation visitwas24.1% ing
2013 tional video com- (26.7% video vs
[48] pared with stan- 21.4% paper),
dard reading ma- P=.74
terialswould bet-
ter educate pedi-
atric asthma pa-
tient’s primary
caregiversand if
thiswould affect
30-day ED revis-
its
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Lawee United Nonspecific 587 Pedi- Todecreasethe  Reminder to Of al returnvis- After  Daily NR
etd, States atric  number of medi- takemedication itstothepediatric dis-
2009 cally unnecessary ED within 72 charge
[49] return visits to hours of dis-
the pediatric ED charge, 13% were
deemed unneces-
sary for patients
receiving hand-
written instruc-
tions compared
with 15% for pa-
tients receiving
computer-genera-
ed instructions
(P=.50)
Lionet United Nonspecific 142 Mixed To determinethe Unclear Thosein the Dur- NR NR
a, 2015 States effect of videoin- videoarmwere  ing
[50] terpretation on more likely to
comprehension, name the child's
parent-reported diagnosiscorrect-
quality of commu- ly than thosein
nication, and fre- thetelephonearm
guency of use of (85/114, 74.6%
professional vs 52/87 59.8%;
transdlators P=.03) and less
likely to report
frequent lapsesin
interpreter use
(2/117, 1.7% vs
7191, 7.7%;
P=.04)
Macy et United Asthma 53 Pedi- Toincreaseasth- Unclear Improvementin  Dur-  Once 20 min-
a, 2011 States aric  maknowledge, asthma know!- ing utes
[51] parental sense of edgeat follow-up
asthma control, was redlized for
parental report of low-literacy par-
asthma symp- entsregardless of
toms, and de- thetype of educa
crease health care tional interven-
use tion (P<.001)
Mianet United Oncology 32 Mixed Todecreasethe Discussionand Educationof the Dur-  Once 8 minutes
a, 2016 King- timetorecognize recommenda-  patient’scaregiv- ing
[52] dom fever-neutropenia tionfor symp-  er improved their
toreduceedvis- tom manage- understanding by
its ment and activi-  84% and signifi-
ty participation. cantly decreased
Familiesprovid- their timefor
edwithaddition-  symptom recogni-
a weblinksand tion and ED pre-
education sentation
Stevens United Pain 59 Pedi- Toevauatethe  Genera educa- Significantly Dur- NR NR
etal, States atric  effectivenessof a tion more parentspro- ing
2012 6-minuteinstruc- vided at |east one
[53] tional video for doseof painmed-
parents that tar- ication to their
gets common children after
misconceptions watching the edu-
about home pain cational video:
management 96% vs 80% (dif-
ference 16%,

95% Cl 7.8%-
31.3%)
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Woodet United Gastroenteri- 41 Pedi- Todetermineif  Thevideosde- Both groups Dur-  Once 3to5
a, 2017 States  tis; bronchioli- aric  theintervention  scribed symp-  showedimprove- ing minutes
[54] tis; fever improved knowl- tomsassociated ment but video
edge about diag- withthediagno- group had statisti-
nosis, treatment,  sis, treatment of  cally more recall
illnessduration,  the symptoms
and whento seek  expectedillness
further medical  duration, and
care when to seek
further medical
care.
Woodet United Fever; gas- 75 Pedi- Todetermineif  Informationon Video group Dur-  Once 5 minutes
al, 2020 States  troenteritis; aric  adding avideo child'sdiagno- achieved signifi- ing
[55] bronchiolitis component to Sis, treatment cantly higher
standard careim- illnessduration, scoreson the
proved knowl- and when to posttest survey
edge acquisition  seek further than the standard
care caregroup, partic-
ularly regarding
treatment and
when to seek fur-
ther medical care
Zorcet United Asthma 217 Pedi- Todetermineif  General educa- Interventionpar- Dur-  Once 12 min-
al, 2009 States atric  theintervention  tiononWhat is ticipants were ing utes
[56] would address asthma? How  morelikely to en-
beliefsand barri- can asthmabe  dorse beliefs
ersto follow-up  controlled? about the benefits
asthma care What are the of follow-up than
among inner-city  benefits of con- controls
families trolling asthma?
Phone
Bucaro United Nonspecific 630 Pedi- Increase parental General educa- Inall, 93% of After  Once NR
and States aric  understanding of tion (eg, symp-  parents found
Black, ED dischargein- tomsand treat- that after thefol-
2014 structionsso that ment options)  low-up call, they
[57] parents can suc- had an improved
cessfully and understanding of
safely manage their child'sill-
their child's care ness or injury
at home
Chande United Pneumonig; 133 Pedi- Improve parental Remindersto No significant After  Once NR
and Ex- States  croup, asthma; atric  compliance with  fill their pre- difference be-
um, bronchialitis; primary carefol- scriptions, to tween groups on
1994 vomiting; low-up call regular frequency of fill-
[58] fever physicians, and ing prescriptions
to follow any
other instruc-
tionsdocument-
ed on the dis-
charge sheet
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Gold- Canada Nonspecific 171 Pedi- To examine Information The outcome After Upto NR
man et atric  whether afollow- about the messure was 10 trials
a, 2014 up telephonecall child’'smedical foundto bein indiffer-
[59] by anon-health  condition after  contrary to our ence
care provider dischargeand  hypothesis. We hours
from the ED community fol- found return vis-
within24 hours  low-upandre- itstotheED in
after achild’s spondingtopar- 24 (14%) of the
dischargecanre- ents questions childrenin the
duce the rate of study group com-
returning to the pared with only
ED within 72 14 (7%) inthe
hours control group
(P<.03)
Joneset United Otitismedia 14 Pedi-  To evaluate 2 Health Belief Participantswho Dur-  Once NR
al, 1989 States atric  clinical nursing  Model phone  receivedtheinter- ing
[60] interventionsde-  intervention vention were
signedtoincrease much morelikely
compliance with than control par-
follow-up care ticipants to com-
referrals for pa- ply with afollow-
tients up referral ap-
pointment
Joneset United Otitismedia 12 NR To evaluate 2 Hesdlth Belief Participantswho After  Once NR
a, 1989 States clinical nursing  Model phone received theinter-
[60] interventionde-  intervention vention were
signed toincrease much morelikely
compliance with than control par-
follow-up care ticipants to com-
referralsfor pa ply with afollow-
tients up referral ap-
pointment
Khanet Aus Asthma 136 Pedi- Toimproveasth- Asthmaseverity Intervention After  Once NR
a, 2004 traia aric  mamanagement information. group children
[61] and control Educational weresignificantly
topicson self-  more likely than
management.  controlsto pos-
Collectedinfor- sess(87.5% vs
mation about 72.3%; P=.002) a
barriersto opti-  written action
mal care and plan
engaged ED
staff in select-
ing recommend-
ed preventive
medications
with an option
to print
Wonget China  Fever, respirac 395 Pedi- Todetermineif  Assessmentof  Significantly dif- After Twice NR
al, 2004 tory, or gas- atric  ED nursefollow- symptomsand ferent between
[62] trointestinal up (via phone decision on intervention and
condition cal) helped to management control groupson
change hedlth options. improvement of
outcome and the condition and
health care use ED visit within
30 days
Web-based

https://pediatrics.,jmir.org/2022/2/e36878

RenderX

JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 36878 | p.126
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

Wozney et al

Moduleand Country Condition Sample gpb Purpose Focus Mainoutcomes  Tim-  Feguen- Duration
author and size, N2 ing cy
year
Bab- United  Mild traumat- 13 Pedi- Promoteconcuss Symptomand  Significantim-  After  Unlimit- NR
cock et States  icbraininjury atric  sionrecovery for  activity monitor-  provement in ed
a, 2017 adolescents ing to promote  symptoms over
[63] through educa  self-manage- the 4-week pro-
tionand training ment. Education-  gram (adolescent:
inself-manage- @ modulesthat  P<.001; parent
ment and effec-  provided antici- P=.004)
tive coping patory guidance
and techniques
to effectively
manage these
consequences
using cognitive
reframing, relax-
ation training,
and problem
solving.
Gold- Canada Nonspecific 303 Pedi-  To determine Accesstothe 186 (61%) par-  After NR NR
man et aric  whether theinter- participant’s ents accessed the
al, 2005 net could beused cultureresults  internet-system
[64] toreportinforma- usingaunique  after mean 94
tion on bacterial  ID and pass- hours (range 1
culturestakenin  word minute-611
the pediatric ED hours) after post-
and whether par- ing
ents would use
thetool to gain
access to person-
alized culturere-
sults
Hatet Canada Fever 7 Pedi- Todetermineif = Computer-auto- Meanpretestto Dur- NR NR
al, 2019 atric  web-basedinter- mated feedback immediate ing
[65] ventionsimprove regarding child- posttest gain
recognitionand  hood fever score of 3.5 (SD
management of 4.1); P<.001
fever at home,
leading to de-
creased parenta
anxiety and possi-
bly fewer unnec-
essary ED visits
by measuring
knowledge acqui-
Stionand satisfac-
tion
Computer-based
Algudah, Aus- Fever 95 Mixed Evaluatetheim- Pharmacologi- No statistically  Dur-  NR NR
2014 traia pact of ahealth  ca andnonphar-  significant differ- ing
[66] literacy—modified macological ence
fever education  fever manage-
program on par- ment practices,
entsor carers the correct way
fever knowledge, to measurea
anticipated fever  child’s body
management temperature,
practices,and ED and general
or primary care  knowledge
presentations about fever
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Alqudah, Aus- Fever 3 Mixed Evauatetheim- Pharmacologi- No statisticaly  Dur-  NR NR
2014 tralia pact of aheath  ca andnonphar- significant differ- ing
[66] literacy—modified macological ence
fever education  fever manage-
program on par-  ment practices,
entsor carers the correct way
fever knowledge, to measurea
anticipated fever  child’s body
management temperature,
practices,and ED and general
or primary care  knowledge
presentations about fever
Fernan- United Asthma 27 Pedi- Improveeffective- General educa- Factorsmotivat- After  As NR
dezet  States atric nessandreten-  tion ing participation many
a, 2011 tion of asthma included the need times as
[67] education for tobeinthe ED, they
children parental involve- liked
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
Golden- Canada Fracture 111 Pedi-  To determine General educa Theweb-based  After NR Unlimit-
Plotnik atric  whether aweb-  tion module group ed for
etd, based module showed changein 120 hours
2018 was superior to knowledge
[43] standard care for (delta)=1.6 (95%
pain management Cl 0.5-2.6);
at home P=.002
Hartet Canada Fever 79 Pedi- Todetermineif =~ Computer-auto- Meanpretestto  Dur-  NR NR
a, 2019 aric  web-basedinter- mated feedback immediate ing
[65] ventionsimprove regarding child- posttest gain
recognitionand  hood fever scoreof 3.5(4.2);
management of  (noninteractive) P<.001
fever at home,
leading to de-
creased parental
anxiety and possi-
bly fewer unnec-
essary ED visits
Text messageor SM'S
Sockrid-  United  Asthma 263 NR Todetermineif  Theinterven-  Theconfidence Dur-  Once NR
ereta, States theintervention  tionincludes level to prevent  ing
2006 group would universal and asthma episodes
[68] have greater con- tailored content, and keep them
fidencetoman-  andtheeduca= from getting
age asthma, bet-  tor hastheflexi- worsewassignifi-
ter primary care  bility tonavi-  cantly higher in
follow-up, and gatethe content  the intervention
fewer return ED  based onthein- group at 14 days
visits dividua child  after intervention
or family’s
needsand ques-
tions
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Boydet United Fracture 25 NR To investigate Remindersto Themeannum-  After Twice NR
a, 2013 King- whether text mes-  improve pain ber of analgesia
[69] dom sagereminders  management doses adminis-
improve pain tered to the text
management in message group
children after dis- was7.6vs4.9in
charge from the the control group,
ED P<.05
Leeet United Asthma 7 Mixed Todemonstrate  Genera dis- Resultsdidnot ~ After  Multi-  NR
a, 2011 States that text message chargeinforma- demonstrate a ple
[70] medication re- tion significant differ-
minders will im- ence of means
prove medication (paired 2-tailed t
adherence test) between pre-
and post—text
messaging re-
minders
Mabon United Nonspecific 2440 Pedi-  Encouraging pri- Reminder Text messaging  After  Multi-  NR
etd, States aric  mary carefollow- isafeasible and ple
2013 up at an adoles- effective tool for
[71] cent health center increasing outpa-
for adolescents tient follow-up
who sought care after an ED visit
at an ED at aprimary care
facility, potential-
ly relieving an
additional burden
on the ED and
promoting health
careinthetransi-
tion to adult
medicine
Sinero, United  Nonspecific 61 Pedi- To evaluate Reminder to Therewasnosig- After  Once NR
2012 States atric  whether atext follow-up with  nificant differ-
[72] message re- their primary enceinfollow-up
minder to the care physician  in the standard
caregivers after treatment group
discharge from 19/62 (31%) vs
the pediatric ED the text message
improved compli- intervention
ance with recom- group 16/61
mended primary (26%); P=.69
care follow-up
Wolff et United Pelvicinflam- 47 Mixed Totesttheeffect Personalizedre- Petientsreceiving After 4times NR
a, 2016 States  matory dis- of text message  mindersto text message re-
[73] ease reminders on scheduleandat- minders were
adolescent pa- tend afollow-  morelikely to
tients adherence up appointment. follow up com-
to the recom- pared with the
mended post-ED standard group
follow-up care (relativerisk=2.9,
95% Cl 1.4-5.7)
Game-based
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Taylor Canada Nonspecific 533 Pedi- Todeterminelev- Patientsand Intervention par- Dur-  Once NR
etd, atric e of patient satis-  parents view ticipants showed ing
2015 factionandim-  videosselected significant im-
[74] provement in by the triage provementsin
pain management nurseinre- pain control and
and treatment sponseto per-  both patient and
whileintheED  ceived patient  parent satisfac-
need. The tion
videos reframe
and demystify
injury and ill-
ness, inform
about medical
procedures and
processes, and
introduceimpor-
tant coping
skills. Permits
individua mes-
saging to both
parents and pa-
tientsviaiPads.
M obile app
Fa- NR Asthma 98 NR Effect of re- Remindersfor ~ Reported im- After  NR NR
rooqui mindersonhedth medicationand provement in
etal, care use electronictreat- asthmamanage-
2017 ment plan ment was greater
[75] in AsthmaCare
participants (79%
Vs 62%; P=.06),
aong with
greater daily use
of treatment
plans (29% vs.
11%; P=.01)
Photo documentation
Lundetal, Canada Skinin- 244 Pediatric  To determine Educational mes- Nodiffer- During NR NR
2013 [76] fection whether photo sages on basic encesin
documentation facts about asth-  the rate for
improvesthedu- ma, rolesof medi- completion
ration of outpa-  cations, and pa=  and thera-
tient treatment tient skills. peutic fail-
ure were
observed
(7% vs
68% and
<1% for
both, re-
spectively)

#The sample size of only the group exposed to the intervention.
beD: emergency department.
°NR: not reported.

YHEADS-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). Overal, 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].
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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 I nterventions
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, patientswith 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 e ements

[57].
Features and Technical Components of EDCTs

EDCTs support diverse communication pathways among
providers, caregivers, patients, and other health care providers.
Most of thetoolstargeted communication between an ED health
care provider and the parent and caregiver (52/55, 94%) with a
smaller number (6/55, 11%) al so 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 aMi crosoft-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’sprimary 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 whilein
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 lessfrequently investigated medical concerns (eg,
vomiting and pain).

There was substantial heterogeneity between the studiesin the
amount of time and effort required by patients and caregivers
to use the tool. In al, 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 atool typically involved a level of
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automation (eg, 2 automated text messages twice aweek 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
akiosk [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 astudy 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 visitsto 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, compliancewith medication regime
and follow-up appointment with primary care), whereas studies
of video-based EDCTs typicaly 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, EDCTswith greater technol ogical sophistication
do not aways 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.

M easurement 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 a [39] showed increases in
parental knowledge about fever but no significant differences
in subsequent health service use. Similarly, astudy 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
EDCTswas consistently moderate to high acrossall technology
modalities. However, in some instances, respondents in the
control condition, typicaly verbal or written discharge
instructions, also reported high levels of satisfaction [46].

The ability to tailor information viathe 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 freetext entriesin 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-a-vis the primary outcome. Of note,
only 3 studies reported collecting baseline data on the level of
computer proficiency [28] and nonein the past decade.

Implementation Context FeaturesWhereEDCTsHave
Been Used

Inall, 42% (23/55) of the EDCTswere evaluated in at | east 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 baselineracial demographic
factors, with most participantsbeing 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 sustai nability planning, and 33% (18/55) stated that
due consideration should be given to thetechnical performance
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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.

Resear ch, Practice, and Policy I mplications Reported
by Primary Authors

No direct policy or decision-making implicationswere 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 popul ationsthat reflect
awider 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
generaly endorsed the use of EDCTs, even if statisticaly
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 thisreview 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 reasonsfor ED visitsreported 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 appsis still maturing,
with just under athird 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 addsto thisdialogue 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

IMIR Pediatr Parent 2022 | vol. 5 | iss. 2 [e36878 | p.132
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

other words, the technol ogy 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 EDCTSs 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
overal methodological quality appraisal results point to the
need for future meta-analyses to explore the magnitude and
direction of effectswithin specific modalities. Such an analysis
could support decision makers in determining which tools are
fit for different primary purposes, reduction in nonurgent visits
versusimproved 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
visitsto the ED in the future. The lack of description provided
in primary studiesrelated 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. Thisgap in the
evidence is exacerbated by the few studies that assessed health
care provider satisfaction with the toolsin general. Assessment
of their expectations and experiences with EDCTs may help
illuminate barriers and enablersto uptake, aswell as predictors
of positive and negative client experiences. Recent work on
quality pediatric communication in EDs [80] points to gapsin
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
standardsfor discharge communication should consider therole
of electronic tools, which will undoubtedly continueto mediate
and moderate care experiencesin 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 technol ogical complexity isnot 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 membersrather than health care providers, giving
us a dlightly skewed view of real-world implementation. More
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work is needed to understand how the duration and frequency
of interaction with tool s (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 EDCTSs 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
contextsimpacts 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)
devel oping taxonomiesfor el ectronic discharge communication
interventions that capture complex person-to-person and
person-to-technol ogy pathways, and (4) useof A or B (ie, split)
testing to i sol ate specific technol ogy featuresthat 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 asfull articles, limiting what data could be abstracted
and fully analyzed. Finaly, no taxonomies for presenting
complaints have been validated or published in the literature;
likewise, no taxonomies for electronic communication
modalities are commonly wused. Thus, our heat-map
categorizations were based more on practical considerations
and, to alesser 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 arange 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 accumul ate.
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Abstract

Background: Fallsrepresent 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: Weidentified 461 infant fall incidents. Common fall mechanismsincluded fallsfrom furniture, fallswhen being carried
or supported by someone, fallsfrom baby products, and falls on the samelevel. Acrossthe 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/dlipping while carrying the infant. Common influencing factors were infant’s rapid motor
development, lapsesin 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 beto target parental behavior change. Online forums can providerich information critical for preventive interventions
aimed at changing behavior.

(JMIR Pediatr Parent 2022;5(2):€34413) doi:10.2196/34413

KEYWORDS
falls; child injury; online discussion forums

hospitalization [2]. In Australia, children aged <1 year havethe
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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 leadsto 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 anumber
of interventions are effective for minimizing fall risk in older
children [10,11], there is a paucity of evidence on effective
countermeasures for fallsin children aged <1 year.

Epidemiologic studies examining infant falls usualy rely on
administrative dataor 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
fals 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 aso
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 fallsin order to identify specific modifiablefactors
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 URLSs potentially containing discussions
related to infant falls. These were “baby fall,” “baby falling,”
“baby fell,” “baby dropped,” and “baby hurt.” This approach
allowed usto search all forums on thiswebsite without placing
too much burden on thewebsite. 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
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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 Nvivol2 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
fal according to the litera 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 datausing thislist,
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 (aPhD student) and SL S (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.

Fall mechanism category and detailed fall mechanism

ICD-10-AM? codes

ICD-10-AM code description

Fall from household furniture

Fall from bed

Fall from chair/couch/sofa
Fall from changing table
Fall from table

Fall from baby products

Fall from baby capsules

Fall from bassinet/cot

Fall from bouncer

Fall from child car restraints
Fall from high chair/baby chair
Fall from portable baby bed

Fall from pram/stroller

Fall while being carried or supported by someone

Fall when carried or supported by mother
Fall when carried or supported by an unidentifiable parent

Fall when carried or supported by an adult caretaker (other than
parents)

Fall when carried or supported by an older child

Fall on the same level

Fall while infant standing

Fall while infant sitting
Fall while infant crawling

Other fall on the same level dueto collision

Fall related to stairs

Fall on and from stairs and steps

Fall between levels

Fall from, out of, or through building or structure
Fall from acliff

Other fall from one level to another

Other fall mechanisms

Fall from mats or playmats
Fall involving play equipment
Fall from shopping cart

W06
w07
W08
W08

W08
W08
W08
W08
W08
W08
W08

w04
W04
w04

w04

wo1

w18
w18
W03

W10

W13
w15
w17

W08
W09
W08

Fall from bed
Fall from chair
Fall from other furniture

Fall from other furniture

Fall from other furniture
Fall from other furniture
Fall from other furniture
Fall from other furniture
Fall from other furniture
Fall from other furniture

Fall from other furniture

Fall while being carried or supported by other persons
Fall while being carried or supported by other persons
Fall while being carried or supported by other persons

Fall while being carried or supported by other persons

Fall on the same level from slipping, tripping, and
stumbling

Other fall on the same level
Other fall on the same level

Other fall on the same level due to collision with or
pushing by another person

Fall on and from stairs and steps

Fal from, out of, or through building or structure
Fal from acliff

Other fall from one level to another

Fal from other furniture
Fall involving playground equipment

Fall from other furniture

3 CD-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,
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58.6%), followed by falls when being carried or supported by
someone (92/461, 20.0%) and fallsfrom 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.
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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%),
fallsfrom chairg/couches/sofas (53/270, 19.6%), and fallsfrom
tables (6/270, 2.2%).

The most commonly mentioned precursor event for falls from
household furniture was the infant rolling off thefurniture. This
was mentioned 71 timeswithin the 270 (26.3%) incidentsrel ated
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.

| left her in the middle of my queen bed while | did
some vacuuming. As | got closer to my bedroom ... |
could hear her screaming like she had never screamed
before. | ran into the room and shewas on thefloor!...

The caretaker falling ad eep with the baby was another common
precursor event mentioned in 18 of the 270 (6.7%) incidents.

... | was breastfeeding himin bed and fell asleep with

him on the outside. | woke up when | heard a thud

and DY Darling Son] cry.
It was clear from some discussions that the precursor event of
falling asleep was often unintentional (10/18, 55.6%), whilein
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.

| was changing him on the change table and all | did
was slip one hand down to put the dirty nappy in the

https://pediatrics,jmir.org/2022/2/e34413

nappy bag and ds launched himself off the table and
landed on thefloor-...

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 - | underestimated
how quick hewas. | used to put himon our bed every
morning while | got dressed. One day | 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.
Smilar toyour DH[ Darling Husband)] | |ooked away
from the table, and over he went. It was so quick.

FallsWhen 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 dippery floors (2/29, 6.9%) and
tripping hazards on the floor (2/29, 6.9%).

| dropped my dg[Darling Son] he was about 10
months tripped up the back step he screamed has a
giant bump...
Another common precursor event for these fallswas the person
faling 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%).

...l wastotally 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 |
startled awake— DD[ Darling Daughter] rolled down
my legs and into the coffee table.

A tired caretaker is aso a likely influencing factor; however,
thiswasonly overtly discussed afew 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 hisarm
tucked behind hislegs holding himup right and wasn't
supporting hisback when my LO flung back... (“ LO”
isassumed 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). Thiswas identified 30 times (55%, 15 cases
of not using safety strapsand 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 misusesidentified 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/portabl e baby bed (2/55, 3.6%).
Falls from cots were influenced by rapid motor devel opment.

...like he was balancing on the cot railing with his
feet off the mattress suspended in mid air by piece of
wood...

https://pediatrics,jmir.org/2022/2/e34413
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Fallson the Same L evel

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 thisfall mechanismwasthe
child’s underdevel oped 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...alot of the time hitting
their heads on thettiles.

Fallson or From Stairs

Fallson 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%).

DY 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. | put a book on
the shelf and when | turned back he'd rolled across
theroomand | wasjust in time to see him disappear,
screaming, down the stair well.

Other Fall Mechanisms

Other mechanismsidentified from the discussionsincluded 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 himin. | was squatting down
looking at something when | heard a horrible splat
sound, he had fallen facefirst 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 summarizesthe precursor events and influencing factors
for different fall mechanisms.
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Table 2. Precursor events and influencing factors for fall mechanisms.

Cooray et a

Fall mechanism Precursor events

Influencing factors

Fal from furniture Infant rolling off

Infant being left alone on furniture

Fall when carried or support-
ed by someone .

Caretaker tripping or slipping

Fall from baby products «  Nonuse or misuse of safety straps
o  Other product misuses

N/A

Fall on the same level

Fall on or from stairs N/A

Caretaker falling asleep with the infant
Reaching for something while nappy changing

Caretaker falling asleep while holding theinfant

«  Unexpected or rapid changesininfant motor devel opment
«  Lapsein caretaker attention

Inadequate holding of the child
Sudden unexpected movement of the infant

N/AZ

« Infant’s underdeveloped motor skills

«  Lapsein caretaker attention
«  Unexpected or rapid changesininfant motor devel opment

3N/A: not applicable.

Discussion

Principal Findings

Using a novel qualitative infodemiological approach, we
identified contexts requiring intervention to prevent the majority
of falsin 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
factorsto specific precursor eventsfor thesefall typesto identify
modifiable factors to prevent falls. These include awareness of
unexpected or rapid changesin infant motor devel opment, 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 fallsin this age group is rare [28]. Given
the magnitude and potential impact of this problem [5,8], there
isan urgent need to fill this gap and identify effective targeted
interventions. The outcomes of this work identify modifiable
factorsto be targeted in these interventions.

While our findings demonstrate that no single intervention
would prevent al 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

https://pediatrics,jmir.org/2022/2/e34413

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]. Thisstudy 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
changeinterventions are likely needed at different timesthrough
thisyear, and this needsto align with theinfant’s devel opmental
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.

Fallsamong infants on the same level were discussed relatively
less commonly by parents in the forums than other falls, yet it
islikely that these occur very commonly. As noted by Adolph
and Berger [33], faling 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 afall (<2% of all
patients), and therefore, thislack of severity might underpinthe
lack of discussion in the forums. As these falls occur while
children are devel oping 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
isthe 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 defectsin products, such as
pramg/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. Thisalignswith findingsfrom 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 isbecoming
increasingly clear that correct use requires atention 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 thisapproach
to al baby products may be useful.

Limitations

Asthisis 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
someideaof the commonality, mechanisms, influencing factors,
and precursor events. While care was taken when extracting
data to exclude conversations in separate threads related to the
samefall incident, this could not be guaranteed. Therefore, this
might also impact the accuracy of specific fall mechanisms
reported. However, common fall mechanismsaligned with other
epidemiological and medical record reviews|[4,7,22]. Dataused
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

Cooray et a

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
contributorswere exposed to different types of health promotion
activities depending on location. This may have also introduced
some unmesasured 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 datafrom 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: Asthmaisthe 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 SGsin 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 asthmaand 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 SGswithin each domain. A key takeaway message wasidentified 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 SGsto allow for identification and management of real-life situations through games, and insufficient
support system and the ability of SGsto 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 SGsin asthma education and self-management in pediatrics and the necessity

for future development in thisfield.

(JMIR Pediatr Parent 2022;5(2):€33389) 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 asthmain
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 amajor source of stress for families
[1,9]. Despite existing tools for asthma education such as
targeted one-on-one asthma education and accessi ble 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 teke 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
toolsfor asthmaeducation are needed to ensure adequate asthma
control.

Recent and ongoing technological advances have allowed the
field of eHealth to prosper and evolve greatly. eHedlth 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
chronicillnesses, hasrecently 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
chronicillnesses and eHealth applications, which can contribute
to improved outcomes [14]. More precisely, it has been
suggested that eHeal th tool s such astelehealth 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 eHedlth 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].

https://pediatrics.,jmir.org/2022/2/e33389

Previous Work

Although the eCCM focuses primarily onimplementing eHealth
tools, such asthe 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 heath 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 studiesresulted
in an improvement in the child's knowledge about asthma[15].
However, the vast mgjority of the games failed to demonstrate
significant changesin behavior and clinical outcomes, possibly
because they were directed uniquely at the children and not their
parents, despite parents playing amajor role in the treatment of
their children [15]. Furthermore, previous SGs mainly focused
on information delivery rather than simulations of rea-life
scenarios, which are more likely to promote behavior change.
Finaly, 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 apilot 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 asthmain children, which is a key aspect
of asthma action plans [2,18]. They represent different game
genres, including action, role-playing, and simulation. Thispilot
study aims to evaluate the acceptability of these original
bilingual (French and English) SGsand 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 SGsin the self-management of asthma?

Methods

Study Design

A gqualitative 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 SGsin
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 (1D 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 asthmaclinic 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 apilot
study.

Table 1. Description of the 4 games used in this study.

Silva-Lavigneet a

Data Collection

Pregame and Postgame Questionnaires

Pregaming questionnaires were administered separately to both
parents and children upon their arrival. The pregaming
guestionnairesincluded questions pertaining to previousgaming
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 asthmaknowledge questionnaireincluded true
or false questions pertaining to their knowledge of asthma. In
the absence of awell-vaidated asthma knowledge questionnaire,
we created this questionnaire based on previous studies [ 24-26].
Thefinal questionswere 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 questionswereidentical for both the pregaming and
postgaming questionnaires to evaluate the knowledge transfer
achieved through the SGs. We asked the children to play the 4
SGson aprovided laptop for atotal 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.

Name of thegame Game description

Timeallotted to
play (minutes)

Educational objectives

Asthmonautes

Lung Launcher

dress each trigger [28]

A gamein which the child navigates through different scenarios and interacts
with 9 characters to learn about asthma symptoms and management [27]

A gamein which the character encounters different asthmatriggers (customiz-
able to the child) and the child must find the correct preventive method to ad-

Understand asthmasymptoms 30
and management

Identify asthmatriggersand 4
learn how to address them

Asthma Heroes A gamein which the player interacts with several charactersto learn about
their symptoms, treatment, and context and collects objects to help them
manage their asthma [29]

Bloid A gamein which the player uses a breath-actuated sensor as an input device

Understand asthmasymptoms 30
and management

Be aware of own breathing 4

to guide a spacecraft and destroy meteoritesin its path [30]

Focus Groups and | nterviews

We conducted semistructured focus groups with children and
parents separately. Individua 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
theclinical care of the participants and were unfamiliar to them.
The topic guides used to collect data considered the inclusion
of probing questionsthat 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 implicationsthe 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

https://pediatrics.,jmir.org/2022/2/e33389

revolved around asthmamanagement and challenges, available
resources to help overcome their chalenges, and the
acceptability of SGsin 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 topicsto 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 consensusto ensure validity and coherence of the results
[19]. Specifically, the analytical process was divided into three
major steps, including segmenting datafrom the transcriptsinto
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 MAX QDA (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
triangul ation, respectively, thereby ensuring aconsensus 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. Finaly, we
described the themesthat emerged in this study by using quotes
from the participants and their parents as evidence. As the

Silva-Lavigneet a

individual interviews and group discussions were conducted in
French, the quotes were trandated to their English equivalents.

Results

Study Participants

Thetargeted sample size of thispilot 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.

Basdline characteristics of the participantsare presentedin 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 asthmarelated 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 asthmaincluded in this analysis (N=5).

Characteristics Values
Age (years), mean (SD) 10.3(1.5)
Sex (male), n (%) 1(20)
Parental report of age of asthmadiagnosis (years), mean (SD) 19(1)
Child report of age of first asthma exacerbation (years; for nonmissing data; n=3), mean (SD) 2.2(0.8)
Asthma-related hospitalization during the past 12 months, median (IQR) 0(0)
Time spent on playing video games, n (%)
Never 1(20)
0-30 minutes 1(20)
30-60 minutes 2 (40)
60-90 minutes 0(0)
90-120 minutes 0(0)
>2 hours per day 1(20)
Device used to play games, n (%)
Mobile phone 3(60)
Tablet 2(40)
Computer 2 (40)
Console 3(60)

Analysis of Qualitative Data

The analysis of the transcripts from the individua interviews
and group discussions occurred in 3 major steps and was guided

https://pediatrics.,jmir.org/2022/2/e33389

by the following research question: what are the children’s and
parents’ perceptions of SGsin 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
ontheresearch team (AV, FB, and SMT). Thedomainsreflected
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

Silva-Lavigneet a

perceived by children and parents. Then, the 4 coders worked
together to perform across-analysis of the coreideaswithin the
domains to generate common themes on the roles of SGs. The
team discussed until consensus was achieved. Analysis was
guided by theeCCM . After analysis, avisual 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 eval uated in this study. The major overarching
issues identified during discussions with parents and children, respective to each domain, are aso illustrated.

5Gs: Knowledge transfer
through games

Asthma

perception and
knowledge

Heterogeneity of

asthma knowledge

Child

S8Gs: Identification and
managemant of realklife

Parent

SGs: Playing with
others for support and

| situations through games Asthma shared knowladge
Impact of asthma s 1
and barriers to upport system
asthma self- for asthma self-
management management

Consequences and Insufficient support

limitations of asthma ; system

Parent Child Child Parent

Themes |dentified 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.

Themes

Children

Domain

Parents

1-Therole of SGs?in asthma self-management percep-  *

Knowledge transfer achieved through «

Potential of learning about asthmathrough

tion and knowledge the games games and knowledge transfer
«  Gain of knowledge depends on experience
and onset of asthma
2-Therole of SGsin addressing theimpact of assthma .  Knowledge on self-management «  Knowledge on self-management through

and barriers to asthma self-management

through games

games

«  Utility of games at asthmadiagnosis

« Gamesasapossibletool to evaluate ongo-
ing asthma control

3-Therole of SGsin the support system for asthma «  Asthma awareness through SGs «  Importance of parent and child playing to-
self-management «  Opennessto further discuss asthma gether
with parents through games « Interest and utility of playing the games
« Interest and utility of playing the with peers

games with peers

85G: serious game.
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Domain 1: TheRole of SGsin 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
guestionnaires 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’'sasthmacrises 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. Thisisillustrated
by the following quote from a parent when questioned whether
they wereinterested 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:

Sometimesit’slike she thinks that she takes too many
[ medications] and she triesto say ‘ Oh, I’m going to
tough it out, | am still able to breath well’ before
taking her pumps. And | tell her, ‘Don’t do that, take
it [your pumps] right away' . And she says ‘No, no. |
can handle it myself. [parent 08]

We al so explored dataon children’sand parents’ general asthma
knowledge in this domain using quantitative data from the
asthma knowledge questionnaire. Results from the pregaming
guestionnaires 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
guestionswere |eft unanswered in the postgaming questionnaire.
During the discussions with the children, it was also evident
that there was heterogeneity in their knowledge about asthma.

https://pediatrics.,jmir.org/2022/2/e33389
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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
conceptswell, 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, asillustrated in
the following quote:

Aslong as | can survive without medication, | don’t
take any. But, when | see him [the child] suffering
sometimes when he has his crises and everything, |
am obliged. We even neglected the pump because |
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 asimportant resourcesin 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
discussionswith 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 themein
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).

Child knowledge of asthma—questions Before game

Correct answers, n (%) Nonmissing datafor pregaming Correct answers, n (%)
questionnaire, n (%)

After game Discrepancy

Discrepancies between
questionnaires, n (%)

Lots of children have asthma 5 (100) 5 (100)
Peoplewith asthmacandrink milk and 5 (100) 5 (100)
eat yogurt

Having theflu can cause an asthmaat- 5 (50)2 4 (80)
tack

SmokingisOK for peoplewith asthma 5 (100) 5 (100)
Peoplewith asthmabecomehookedon 0 (0) 3(60)
their asthma drugs (cannot get off

them)

If you have asthma now, you will have 4 (80) 5 (100)
asthma forever

An asthma attack is caused by redness 3 (75)2 4 (80)
and swelling in theairways of thelungs

Most children with asthmaare smaller - 4 (100)2 4 (80)
than other children

Asthma can be spread from personto 5 (100) 5 (100)
person

Medicines that keep asthmafrom hap- 5 (100) 5 (100)
pening should be taken every day

The blue puffer (inhaler) should be 4(80) 5 (100)
used when a person has an asthma at-

tack

Asthma happens more at night 3 (60) 5 (100)
An asthmaattack can happen suddenly 5 (100) 5 (100)
without warning

When asthmais OK, all medicinescan 4 (80) 5 (100)
be stopped

With the right treatment, achild with 4 (100)2 4 (80)
asthma can live anormal life

Children with asthma can play sports 4 (80) 5 (100)
The orange inhaler controls asthma 4 (80) 5 (100)
The blueinhaer helps with an asthma 5 (100) 5 (100)
crisis

The blueinhaer opensthe airwaysin 3 (60) 5 (100)
the lungs

The orangeinhaler preventsasthma. 4 (100)2 4 (80)
crises

The blueinhaer helpsthe breathing 5 (100) 5 (100)

during an asthma crisis

5 (100) 0(0)
5 (100) 0(0)
4(80) 2 (40)
5 (100) 0(0)
1(20) 1(20)
5 (100) 1(20)
4(80) 1(20)
5 (100) 1(20)
5 (100) 0(0)
5 (100) 0(0)
5 (100) 1(20)
3 (60) 0(0)
5 (100) 0(0)
4(80) 0(0)
5 (100) 1(20)
4(80) 0(0)
5 (100) 1(20)
5 (100) 0(0)
5 (100) 2 (40)
5 (100) 1(20)
5 (100) 0(0)

3Sample 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-rel ated 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
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at home. The themes extracted from the discussions with the
parentsillustrated similar results. Similar to children, the theme
potential of learning about asthma through games and
knowledge transfer was identified by the parents. This theme
isillustrated 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, | think that she [their child] would
realize ‘Oh no, | think that maybe | should take it
[medication] assoon 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 belost after knowledge
is gained from the games.

Domain 2: The Role of SGsin Addressing the | mpact
of Asthma and Barriersto Asthma Self-management

This domain included different themes pertaining to the roles
of SGsin addressing theimpact of asthmaand barriersto 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. Thisisillustrated
by the following quotes:

For me it's also sports. | tire out before the others.
[child 08]

We are in the middle of a game and | have to stop. |
haveto stop to take my pumps. Sometimes |’ mscared
that I’m a nuisance to my team. [child 09]

Although the children recognized theimportance of medications
in controlling their asthma, they also identified poor adherence
as abarrier to asthma self-management.

Theimpact 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, asillustrated
by the following quote:

She spends every night out of breath. She is always
gasping for air. She is always congested. Thereis 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 | see that things
haven’'t changed. On the contrary, it’s getting worse
and worse. [parent 09]

Parents expressed fear and anxiety related to exacerbationsand,
as identified in domain 1, showed different perceptions of the
severity of their child'sasthma. Thesewereidentified asbarriers
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 SGsin 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. Thisthemeisillustrated by the following quote
from achild when talking about what they learned in the games:

Evenif you are, for example, asthmatic, you can still
do sports, but you have to take your pumpsfirst before
doing the sport. [child 05]

Interestingly, children expressed being more aware of and able
to focus on their breathing through the game, Bloid, which uses
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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. Thisincluded abetter understanding
of medication use and the potential of gamesto help in trigger
recognition. Thistheme is exemplified in the following quote:

It [the SGs] was a practice even for me because |
always mix up the blue and purple [pumps]. | ask
myself ‘Which doeswhat? And at a certain point [in
the game], it was more visual for me and now the
diagramis engraved in my brain. [parent 06]
In addition, parents suggested that games may be particularly
helpful at the onset of asthma and i dentified gamesasa possible
tool to evaluate asthma control thereafter.

Domain 3: The Role of SGsin the Support System for
Asthma Self-management

This domain includes different themes pertaining to the role of
SGsin 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 asthmaknowledge 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
alonewith their asthma by increasing asthma awarenessthrough
Gs. In addition, the theme opennessto 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 isillustrated by the following quote from
aparent:

| don't really play video-games, but | till learned
things, not that | didn’t know, but that maybe | hadn’t
absorbed. By playing, watching and participating
with my daughter, | learned certain things. [parent
06]

Parents appreciated the parent-child collaboration through
gameplay, asit 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 adesireto 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
thisissue. 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 knowl edge about asthma, including trigger recognition
and different medications, whereas other participants had poor
understanding of asthma and even expressed severa fase
beliefs. Specifically, some children were unaware of resources
other than theinhal ersthat were availableto them, such asbooks
or educational websites. Several parents not only expressed
being in denia 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 essentia for the proper management of chronic
diseases and the adequate use of eHealth services [14]. The
importance of efficient asthma education isequally 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
visitsand hospital admissions[15]. To addressthis heterogeneity
in knowledge, the children and parents expressed that SGs could
improve knowledge transfer through games. Indeed, as
highlighted by acomparative study between asthmaeducational
videotapes and asthma self-efficacy digital games, interactive
mediawith active participation are more effective inimproving
self-management than traditional teaching methods such as
educational videos[32]. Moreover, our participants appreciated
thereal-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.
Thesefindings corroborate with those of other studiesthat have
demonstrated how traditional educational methods have little
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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 asthe overarching issuefor 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
isempowered and in control of their illnessiscrucial toimprove
health outcomes[14]. TheeCCM also emphasizesthat a patient
must be activated, a term that equates to an individual’s level
of skills, knowledge, and confidence in managing their disease
[14]. Ashighlighted 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 caregiversplay an essential
roleintheir child’streatment [15]. Although barriersto 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 isableto 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 modelswho
achievetheir missionsin the SGswhile simultaneously battling
and managing their illness, children learn that their chronic
disease can be overcome and that self-management is an
achievable goal [32].

Finaly, in the domain related to support system for asthma
self-management, we identified an insufficient support system
asthe 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 alow 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 sel f-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
theimpact of asthma self-management SGsrevealed 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 studiesin thefield, the originality
of our study stemsfrom theinclusion of both children and their
parentsin 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 aready taken the
input of patients with asthma into account, making them even
more pertinent to the study population. Third, the analysis of
our qualitative datawas achieved through consensual qualitative
research, aresearch 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 patientsfollowed at apediatric hospital may reflect
potential selection bias and limit the generalizability of our
results. Specificaly, the feedback gathered from the limited
sample of children may not reflect the perspectives of other

Acknowledgments

Silva-Lavigneet a

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 atotal of approximately 60 minutes, which may
have affected the depth of the evaluation of the game by
participants. Although we were ableto gather val uabl e 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 on€'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 devel opmentsin
thisfield.
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Abstract

Background: Digital technology and media use isintegral to adolescents’ lives and has been associated with both positive and
negative health consequences. Previous studies havelargely focused on understanding technol ogy behaviors and outcomeswithin
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, socia 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 measuresincluded 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 adol escent-parent dyads recruited, adolescent participants had a mean age of 15.0 (SD 1.43) years;
atotal of 46.3% (1842/3981) were female, 67.8% (2701/3981) were White, and 75% (2986/3981) lived in a household with an
income abovethe poverty line. The LCA identified 2 discrete classes. Class 1 was made up of 62.8% (2501/3981) of the participants.
Class 1 participantswere more likely than Class 2 participantsto report family-owned devices, have lower technol ogy 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 aswell as health and well-being outcomes. The two classes
included alarger 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):€35540) doi:10.2196/35540

KEYWORDS
digital technology; adolescents; latent class analysis; social media; mobile phone

https://pediatrics.jmir.org/2022/2/€35540 JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 |€35540 | p.161
(page number not for citation purposes)


mailto:mamoreno@pediatrics.wisc.edu
http://dx.doi.org/10.2196/35540
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING

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 alow 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 adol escent technol ogy and media
use have focused on risk behaviors and negative outcomes.
Previous studies have illustrated that digital technology and
mediauseisassociated with negative outcomes such asimpaired
deep [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
aresult 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 supportsthat 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 astechnology 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 M edia Use Quantity and
Quality

Several aspects of adolescent technology use have been studied
through previous research. In the area of device ownership, it
isunderstood that US adolescents' smartphone accessis 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 del aying ownership until an adolescent
isinthe eighth grade[21,22]. Lessisknown 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
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outcomes. For exampl e, 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 virtua reality (VR) headsets and personal assistant
devices.

Another area of focus in previous studies is the quantity of
adolescents' digital technology and mediause. For adolescents,
one way in which quantity of technology use can be measured
isviathe 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
mal adaptive 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 useissubject 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 I nvolvement and Relationship

The 2016 American Academy of Pediatrics (AAP) mediapolicy
statement, Media Usein School-Aged Children and Adol escents,
emphasized therole of parentsin adolescents medialives[30].
A key rolefor parentsisto 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 mediarules such asremoving
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 chalenges in moderating their children’'s
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technology use[35]. For parentswho prioritize technology use,
these behaviors may be modeled for their children. In fact,
familieswith media-centric parentstypically have children who
report more media use [18].

Parenting style and parent relationship are additional factorsin
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, athough it isimportant to
understand the role of technology usein influencing adol escent
health and well-being, it isalso critical to better understand how
the family context affects adolescent technology-related
outcomes.

Health Outcomes

There are several health concernsthat 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 mediause[5,7,8]. Third, PIU isdefined
as “Internet use that is risky, excessive or impulsive in nature
leading to adverse life consequences, specifically physical,
emoational, socia 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 socid 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
socia support and learning [49,50]. Another study found that
adol escents described their affective experienceson 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 asit
enhances communication skills, enables a sense of belonging
and perspective taking and thusincreases social support [51,52].
Thesefactors, in turn, may reduce stress or physical illnessand
improve psychological and physical well-being [53,54].
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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) heath 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 mediause 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 datafor this LCA study.

Ethics Approval

The Ingtitutional Review Board at the University of Wisconsin
approved this study (2018-0781).

Setting and Participants

Our goal wasto achieve anational sample of youthsto 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 Qualtricsfor 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
Quialtrics 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, Qualtricsallowsfor the recruitment of youths
via approaching parents for consent as afirst step. Third, there
is strong and growing literature around the use of Qualtrics to
recruit youth samplesin 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 researcherswould 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.

Thetarget 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-adol escent 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]. Qualtricsrepresentatives recruited parentsfrom 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 asingle 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 humber of latent classes with a minimum of
0.8 power. We estimated that approximately 70 itemswould be
includedin our LCA process, and wethen 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-adol escent dyads (N=8000 participants).

Survey Measures

Overview

Our goal for this study wasto include measuresthat 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 mediause. In casesin which akey 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 scaleswith established cutoffsfor the summary score,
we used these to dichotomize or categorize scoresfor inclusion
in the LCA. For scales without such empirical cutoffs, we
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dichotomized scores at the median for inclusioninthe 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.

Per sonal and Family Device Owner ship 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
guestions 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 thefollowing 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), persona assistants
(ie, Alexa), other, and/or none. Each individua response
regarding device ownership and bedroom access was included
as abivariate (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 asmartphone 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, isit
for you to use media and technol ogy platformsfor 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 socia connection (exampleitem: direct message
someone). The Cronbach a 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 | nvolvement

This section of questionsincluded 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 statementsweretested
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 mediaand posted on social mediamodeled 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
aweek, once aweek, and never. These responseswere clustered
into three categories: responses representing daily or more use,
responses representing weekly but not daily use, and responses
indicating less than weekly use.

I nter net-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
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often=5. The second subscal e 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 | talk
about my internet use | 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
subscal e 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 a 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 parentswho al so participated in this study
[68]. Thisvalidated scaleincludes 8 items and 2 subscales. The
first subscale measuresthe participant’sidentification with their
parents and includes items such as She/He is a person | want
to belike. Responsesfor this subscale use a5-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 a 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-adol escent relationship.

Digital Technology and Media-Related Health Outcomes

Overview

These survey items were al 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 measuresincluded physical health outcomes,
such as deep 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 scaleincluded 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 a for thisscale
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
inclusioninthe 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 adeep 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 a for this
scale was .81. Responses were dichotomized as high or low
level of sleepinessusing 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 a for this scale was .96. A total score of =3
indicated arisk 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 scal e asks parti cipants
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
hopel ess. Response options use a 4-point Likert scale from not
at all to nearly every day. The PHQ-9 had a Cronbach a 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
itemsisfor that participant, including statements such as People
tell mel worry too much, | am scared to go to school, and | am
shy. Response options include not true or hardly ever true=0,
sometimes true=1, and true or often true=2. The Cronbach o
has been reported as .70 to .90. We used the cutoff score of 3
to categorize the participantsasat risk or not at risk for inclusion
of scoresinthe 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. Exampleitemsinclude
| fear my friends have more rewarding experiences than me, |
get anxious when | don’t know what my friends are up to, and
When | miss out on a planned get-together it bothers me.
Response optionsinclude a 5-point Likert scale from Not at all
true of meto Extremely true of me. The FOMO scale had good
internal consistency (Cronbach a=.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 scae measures participants general satisfaction or
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dissatisfaction with their body and appearance. Example items
include By and large, | am satisfied with my looks and | 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=appliesfairly well, 5=applies
well, and 6=applies exactly. The Cronbach a 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.
WEell-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]. This7-item
validated scale asks participants to indicate how often they
agreed with the statement over the past 2 weeks. Exampleitems
include I’ ve been feeling optimistic about the future, I’ ve been
feeling relaxed, and I’ ve been thinking clearly. Response options
include a5-point Likert scale from none of thetimeto 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.

I nterpersonal Reactivity Index: Adolescent Participants

The Interpersonal Reactivity Scale was included, which has
subscal esto measure empathy and perspective taking [78]. This
scaleincludes 14 items, 7 of which measure perspectivetaking,
or the tendency to spontaneously adapt the psychological point
of view of others. Itemssuch as| try to look at everybody'sside
of a disagreement before | 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| amoften quite touched by thingsthat | see happen and
| often have tender, concer ned feelingsfor peoplelessfortunate
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 a=.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, | try to
maintain eye contact and | try to see the other person’s point
of view. Responses use a 5-point Likert scale from Never to
Always. Theinternal reliability of this scale wasgood (Cronbach
0=.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 L oneliness): 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. Exampleitemsfor support
include There are people | can depend on to help me, example
items for learning include Learning new things is important to
me, and example items for loneliness include | often fed left
out. Responses use a5-point Likert scale from strongly disagree
to strongly agree. The Cronbach a 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 organizationsat 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 scaleisdescribed as being intended to describe
diverse activities; thus, the validation paper recommends against
a Cronbach a [82]. This measurement was dichotomized as
high or low extracurricular activity time based on the median
summary score of 8 for inclusionin 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 adol escents
(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 areligion or not [83].

We asked the parent participantsto 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
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patternsto 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 constructsincluded
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 variablesin the LCA.

L CA Data Preparation

Some measures were included in the LCA asindividua 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 theidentification of subgroups representing distinct
profiles as our outcome, we used al measurement scale
outcomes as hivariate 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
itemswith P<.10 wereidentified as subitemsfrom 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 Ingtitute 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 sel ections across multiple survey measures,
and 13.3% (611/4592) of adol escent-parent dyadswere 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

Table 1. Demographic information of the participants (N=3981).

Moreno et d

75% (2986/3981) lived in a household with an income above
the poverty line (Table 1).

Variable and categories Values
Adolescent demogr aphic information
Adolescent age (years), n (%)
12-14 1589 (39.9)
15-18 2376 (59.7)
Adolescent age (years), mean (SD) 15.02 (1.43)
Adolescent sex, n (%)
Female (cisgender and transgender) 1842 (46.3)
Male (cisgender and transgender) 2081 (52.3)
Other (nonbinary) 58 (1.5)
Adolescent race, n (%)
White 2701 (67.8)
Black and African American 586 (14.7)
Native American and Alaskan Indian 137 (3.4)
Asian 197 (4.9)
Multiracial 178 (4.5)
Other 182 (4.6)
Adolescent ethnicity, n (%)
Non-Hispanic 3222 (80.9)
Hispanic 705 (17.7)
Adolescent identifieswith areligion, n (%)
Yes 2688 (67.5)
No 1293 (32.5)
Parent demographic information, n (%)
Household income below poverty line
No 2986 (75)
Yes 975 (24.5)
Parent sex
Female (cisgender and transgender) 2672 (67.1)
Male (cisgender and transgender) 1903 (47.8)
Other (nonbinary) 17 (0.4)
Parent relationship status
Married or partner 2902 (72.9)
Not married or partner 1047 (26.3)

L CA Findings

Overview and Class Structure

The LCA revesled two distinct classesto 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
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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 dightly
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
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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 variablesincluded in the latent class analysis in the 2-class model (N=3981).

Variable Class 1 (n=2501; %) Class 2 (n=1480; %) P value?
Age (years) .06
13-14 38.9 41.9°
15-18 61.1 58.02
Sex <.001
Female 48.3 42.8
Mae 51.2 54.05
Other 0.48 311
Ethnicity <.001
Hispanic and Latino 16.1 2111
Non-Hispanic and non-Latino 83.92 78.9
Race .002
White 67.7 68.04
Black or African American 15.35 13.6
Asian, Asian Indian, or other Asian 2.9 4.39
American Indian, Native Hawaiian, or other Pacific Islander 4.2 6.2
Multiracial 4.9 37
Other 4.9 4.1
Religion .02
Religious 338 30.3
Nonreligious 66.21 69.7
Parent relationship status .08
With a partner 7254 75.1
Not with a partner 2715 24.9
Household socioeconomic status .07
Above poverty line 74.43 77
At or below poverty line 25.6 22.99

3P 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 owner ship of technology devicesfor 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
devicesin their bedrooms compared with Class 1 participants.

https://pediatrics.,jmir.org/2022/2/e35540

Regarding age at which thefirst smartphonewas acquired, Class
1 participants were more likely to report acquiring their first
smartphone between the ages of 12 and 14 yearsaswell asbeing
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 mediadaily compared with Class 1.

Assessing the importance of technology interactions using the
ADTI, Class 1 consistently had lower scoresand, 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 behaviorsincluded in the latent class analysisin the 2-class model (N=3981).
Variable Class 1 (n=2501; %) Class 2 (n=1480; %) P value

Family device owner ship

Television 08.42 89.1 <.001
Computer 85.9 78.8 <.001
Tablet 74.9 68 <.001
Video game console 80.8 72.2 <.001
Smartphone with internet access 94.8 79.4 <.001
VRP devices (such as Samsung Gear VR and Oculus) 15.9 281 <.001
Wearable devices (such as smartwatches and fitness trackers) 344 322 A5

Personal assistants (such as Alexa and Google Home) 33.9 34.3 .78

Adolescent device owner ship

Television 57.2 63.4 <.001
Computer 407 545 <.001
Tablet 41.3 46.8 <.001
Video game console 485 531 .005

Smartphone with internet access 83.2 69.7 <.001
VR devices (such as Samsung Gear VR and Oculus) 6.8 185 <.001
Wearable devices (such as smartwatches and fitness trackers) 134 18.2 <.001
Personal assistants (such as Alexa and Google Home) 8.9 11.8 .003

Adolescent device accessin bedroom

Television 718 69.2 .08
Computer 37.9 52.4 <.001
Tablet 389 455 <.001
Video game console 423 51.1 <.001
Smartphone with internet access 76.3 66.4 <.001
VR devices (such as Samsung Gear VR and Oculus) 5.7 16.5 <.001
Wearable devices (such as smartwatches and fitness trackers) 11.6 16.5 <.001
Personal assistants (such as Alexa and Google Home) 8.7 121 <.001

Age of first smartphone (years) <.001
<11 27.7 34.4
12-14 56.8 51.2
15-17 10.3 125
Does not own a smartphone 52 19

Adolescent social media checking frequency <.001
Once aday or more 71.8 87.7
Once aweek or more 155 9.3
Less than once aweek or never 12.8 29

Adolescent social media posting frequency <.001
Once aday or more 484 81.9
Once aweek or more 22.1 10.9
Less than once aweek or never 29.5 7.2

Adolescent importance of technology interactions <.001
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Variable

Subscale 1: technology to bridge online/offline experiences and
preferences

Subscale 2: technology to assist in going beyond one’s current identity,
mood, or environment

Subscale 3: technology for socia connection

Class 1 (n=2501; %) Class 2 (n=1480; %) P value
374 718
33.2 84.5
42.8 67.7

3 talicization denotes the class with the majority percentage for each measure.

bVR: virtual reality.

Parent | nvolvement

Regarding parent involvement, Class 1 parent participantswere
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. Parentsin Class 2 werealso morelikely
to report more than daily social media checking and posting
compared with parentsin Class 1.
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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, adol escentsin Class 2 were more likely to report
strict internet rules around time spent on technology and were
lesslikely to experience high-quality communication with their
parents about technology. Table 4 illustrates the findings on
parent involvement and rules previously described. Finaly,
adolescentsin Class 1 were morelikely to report ahigher-quality
parent relationship compared with adolescentsin Class 2.
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Table 4. Distribution of parent involvement and rulesincluded in the latent class analysisin the 2-class model (N=3981).

Variable Class1(n=2501; %) Class2 (n=1480; %) P vaue

Household media rules: parent-reported

My house has no rules or boundaries for media use. 9.1 1342 <.001
My house has rules about what social media profiles are acceptable. 67.3 53.02 <.001
My house has rules about what privacy settings should be set for social media. 60.4 44.9 <.001
My house has rules about “friending” someone who is unknown offline. 67.9 437 <.001
My house has rules about “ screen-free zones’ (rooms or placesin the house, such  25.3 24.9 .84

asabedroom) where no oneisallowed to use screens, including tel evisions, comput-
ers, and smartphones.

My house has rules about screen-free times (timeswhen nooneisalowedtouse 455 259 <.001
media, such as dinnertime) when no oneis allowed to use screens, including televi-
sions, computers, and smartphones.

My house has rules about viewing screens around bedtime. 431 20.8 <.001
Parent social media checking frequency <.001
Once aday or more 78.2 92.8
A few times aweek 115 45
Less than once aweek 10.2 2.7
Parent social media posting frequency <.001
Once aday or more 24.6 61
A few times aweek 31.8 21.3
Less than once aweek 43.6 17.7
Internet timerules: adolescent-reported <.001
Strict internet time rules 54.4 62.9
Not strict internet time rules 45.6 37.1
Internet content rules: adolescent-reported <.001
Strict internet content rules 66.2 27.2
Not strict internet content rules 338 72.8
Communication about internet: adolescent-reported <.001
High-quality communication about the internet 74.5 47.6
Low-quality communication about the internet 255 524
Parent-adolescent relationship: adolescent-reported <.001
More positive parent-adol escent relationship 77.8 25.3
L ess positive parent-adolescent relationship 22.2 74.7

3 talicization denotes the class with the majority percentage for each measure.

participants. However, Class 1 participants al so reported lower
Health Outcomes rates of PIU, sleep impairment, depression, anxiety, FOMO,

Regarding health-related variables, Class 1 participantsreported  and poor body image compared with Class 2 participants. Table
lower levels of physical activity compared with Class 2 5 presents these findings.
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Table 5. Distribution of adolescent health measuresincluded in the latent class analysisin the 2-class model (N=3981).

Variable Class 1 (n=2501; %) Class 2 (n=1480; %) P value
Physical activity <.001
More physical activity 53.2 58.92
Less physical activity 46.8 41
Daytime sleepiness <.001
Low 66.9 16.9
High 331 83.1
Depression <.001
No depression 47.9 8.2
Minimal depression 40.7 136
Mild depression 9.6 21.9
Moderate depression 16 21.4
Moderately severe depression 0.2 19.2
Severe depression 0.1 15.6
Anxiety <.001
Not at risk 86.6 30.7
At risk 134 69.3
Fear of missing out <.001
Low 70.5 149
High 295 85.2
Body image <.001
High 70.4 15.8
Low 29.7 84.2

3 talicization denotes the class with the majority percentage for each measure.

Well-bein communication skillsthan thosein Class 2. Class 1 participants
9 reported less time spent on extracurricular activities compared

Participants in Class 1 scored higher on well-being, support,  with Class 2 participants. Table 6 presents these findings.
learning, perspective taking, empathetic concern, and
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Table 6. Distribution of well-being measures included in the latent class analysis in the 2-class model (N=3981).

Variable Class 1 (n=2501; %) Class 2 (n=1480; %) P value

Mental well-being <.001
High 62.92 39
Low 37 60.9

I nter personal reactivity: perspective taking <.001
High 56.4 414
Low 43.6 58.6

I nter personal reactivity: empathetic concern <.001
High 68.9 239
Low 311 76

Communication skills .001
High 52.7 475
Low 47.3 52.6

Comprehensive Inventory of Thriving: support <.001
High 75.6 232
Low 24.4 76.8

Comprehensive Inventory of Thriving: learning <.001
High 68.9 50.2
Low 311 49.8

Comprehensive Inventory of Thriving: loneliness <.001
High 87.1 32
Low 129 69

Extracurricular activities <.001
More participation 64.3 4.7
Less participation 35.8 55.3

3 talicization denotes the class with the majority percentage for each measure.

Discussion

Thisstudy used L CA to develop profiles of mediause and parent
involvement and their associations with health outcomes and
well-being indicators. Although previous studies have
illuminated links between mediaand individua 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 L CA 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 ahigh socia technology use class scoring lowest on moods
but highest on socia 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 severa subtypes,

https://pediatrics.,jmir.org/2022/2/e35540

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 aswell 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 Findingsin the Context of PreviousLiterature

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 adol escents and negative
effects on others [94]. This finding has prompted a call for
research to consider adifferential susceptibility modd to identify
thoseindividual differencesthat arelikely 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
positiveimpacts, here defined asrisk 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 adol escents who use mediado well across
health behaviors and outcomes. A smaller proportion of
adolescents are at higher risk, and thisrisk extends across their
technology behaviors as well as health behaviors. A critical
difference between Class 1 and Class 2 wastheir reported level
of deepiness, 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 atarget of futureinterventionsto 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 al so the gatekeepers of device acquisition
and ownership. We assessed the role of parents as moderators,
supporters, and role models in the relationship between
adol escent technol ogy 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 weremorelikely to have household rulesthat 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 rulesaround screen
time. These mixed findings may suggest that, for some families,
therules are unclear or are stated but not reinforced. Parentsin
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 amore positive parent-child relationship in
general compared with Class 2 adolescents. The consistency
and conceptual connection between these variablesis acritical
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 Findingsin the Context of Emerging Par adigms

When seeking to frame the role of technology in our health and
well-being, one often hears terms such as online and offline or
onlineand 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 arisk behavior
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itself. However, today’ steenagers have digital toolswaoveninto
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 |ess healthy
outcomes and experiences. To go beyond this dichotomousview
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 classesacross
physical health behaviors, technology behaviors, parenting
engagement, and mental and well-being outcomes.

An emerging framework that aligns with our study findingsis
the Human Experience framework (HX) [98]. The HX approach
seeksto 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 usto 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 peopl€e’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 devel opers to see their products as part of alarger
set of life experiencesthat may affect or influence the adol escent
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 studiesincluding other
novel measurement approaches, such asbiological 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 socia 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 livesin waysthat were not associated with
higher rates of depression, anxiety, or other poor health
outcomes. Thus, the study findings indicate that most
adol escents 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 Adol escents were more likely to have
household mediarules at home regarding mediaand technology
use. Participants in this group were more likely to report that
the rules they had a home were aigned with the
recommendations of the AAP on content, communication, and
coviewing. Family-Engaged Adolescents were more likely to
communicate with their parents about their technol ogy 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 medialessfrequently 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 supportsthat household rulesfocused on content,
communication, and coviewing were more likely to be
associated with lower health risk and improved well-being (see
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Multimedia Appendix 1 for moreinformation). 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 aso partner
with parentsto ensure that messaging around mediaisculturally
relevant and devel opmentally appropriate. Health care providers
may benefit from using technology within the clinic visit to
share these recommendations, such asthrough el ectronic 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 parentsin
creating mediarules at home. First, the Family MediaUse 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 rulesisacritical 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 rel ationships 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 therole of parent support,
both related to technology and likely more broadly in
adolescents' lives, if they want to truly affect adolescent
well-being. Finaly, we encourage future research and policy
to consider technology as integrated into adolescents’ daily
lives. Our study supports the exploration of new frameworks
such asthe HX approach toward the design of new policiesand
studiesto advance adolescent health (see Multimedia A ppendix
2 for more information).

[PDFE File (Adobe PDF File), 361 KB - pediatrics v5i2e35540 appl.pdf ]

Multimedia Appendix 2
Tech tip sheet.
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Abstract

Background: Autism spectrum disorder (ASD) is a neurodevelopmental disorder that results in altered behavior, socia
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 asignal 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? maobile game, an app designed to crowdsource videos of
children with ASD and NT children in anatural 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):€35406) doi:10.2196/35406
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autism; mHealth; machine learning; artificial intelligence; speech; audio; child; digital data; mobile app; diagnosis
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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
childrenin 2018 [2]. In the United States alone, over 5 million
individuals are affected [3], and nearly 75 million are affected
worldwide. Despite theincreasing preval ence of autism, access
to diagnostic resources continuesto be limited, with 83.86% of
all American counties not having any [4]. These nationwide
inadequaciesin autism resources are compounded by the lengthy
nature of diagnosis. On average, the delay from thetime of first
consultationswith health care providersto the time of diagnosis
isover 2 years. Such extensive delays often cause diagnosis at
alater age (usually >4 yearsold) [5], which may result in greater
lifelong impacts, including ahigher likelihood of psychotropic
medication use, lower |Q 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 avaluable tool to aid autism diagnostic processes.

Prior research [15,16] investigated prosodic disordersin children
with autism to varying degrees of success. Cho et a [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 accel erate the process
of autism detection because it requires the use of specialized
equipment and centralized recording locations to provide

https://pediatrics.,jmir.org/2022/2/e35406
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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 isthat
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
auraly detect symptoms of autism in an unstructured home
environment without the use of specialized audio recording
devices.

Methods

Data Acquisition

Process

We obtained audio dataof NT children and children with autism
in a home environment through Guess What?, a mobile game
designed for prosocia play and interaction at home between 2-
to 8-year-old developing children and their parents [19-23]
(Figure1, “Guess What? Audio Data’). During agame session,
parents and children choose either a charades game (acting out
emotions, characters, sports, chores, or objects) or asimple 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 Al 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. Al: artificial intelligence; ASD: autism spectrum disorder; CNN: convolutional neural

network; NT: neurotypical.
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We collected a total of 77 videos of 58 children participating
in gameplay, recorded in the span of 4 yearsfrom 2018 to 2021.
The participantsranged in age from 3-12 yearsold and included
20 children with ASD (19 mae 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 asmartphone 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.

| Audio Input |

Data Preprocessing

Homevideosare naturally variablein quality; their datacontains
a number of irregularities that must be addressed prior to
analysis. In particular, parents or children would often join in
gameplay simultaneoudly, resulting in a variety of voices,
sometimes overlapping with one another. This overlap of voices
can complicate theisolation and extraction of the child’svoice.
In order to remove adult speech, we manualy 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
atotal data set size of 850 audio clips, representing 425 ASD
and 425 NT clips. The 850 clipswere split into 5 folds, asshown
in Table 1, in preparation for 5-fold cross-validation. When
creating the folds, we included the restriction that al 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 clipswith 5-fold cross-validation.

Group Fold 0 Fold 1 Fold 2 Fold 3 Fold 4
Neurotypical 87 87 81 83 87
Autism spectrum disorder 87 87 81 83 87
- Random Forest
Classifiers

We investigated 3 machine learning methods to predict autism
from audio, each represented in Figure 1.
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We trained random forests on a set of audio features
(Méel-frequency cepstral coefficients, chromafestures, root mean
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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! maxfeaur$:15- mi nwmpl&split:lor

MiNgmpies tear=20, MiNyeignt fraction lear=0-1-
CNN Mode

We trained a CNN using spectrograms of our data as input
[24,25]. Our spectrograms were synthesized via the Python

Chi et a

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. Thisarchitecture performed best out of all of our tested architectures, including
afine-tuned Inception v3 model. (B) wasin part created with the Python package Visualkeras. 8M CNN: convolutional neural network with 8 million

parameters.
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A) 8M CNN Architecture

Wav2vec 2.0

Wefine-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, F, score, and
areaunder the receiver operating characteristic curve (AUROC),
averaged over the 5 folds.
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B) 8M CNN Architecture Visualized

Results

Of our models, the best-performing model wasthe CNN model
with 8 million parameters, achieving 79.3% accuracy, 80.4%
precision, 79.3% recall, 79.0% F, 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% F, score, and amean
AUROC score of 0.815. On the other hand, our highest
performing lightwei ght machinelearning model (random forest)
performed somewhat worse than the other 2 models, with 69.7%
accuracy, 68.7% precision, 74.4% recall, 69.4% F, score, and
amean 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
eachindividual 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 appearsto perform well onfold 2 while performing
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relatively poorly on fold 3. This suggests that the data in each
fold may betoo limited, resulting in folds that have differences
in content that cause varying model performance from fold to
fold. Thisdisparity between AUC valuesisthegreatest in Figure
4A, perhaps explainable by the random forest classifier's small
sizeand 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. Thisis expected, given that the

Chi et a

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 al 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.

Model Accuracy, mean Precision, mean Recall, mean (SD) ~ Fyscore, mean(SD)  AUROC? mean
(D) (SD) (SD)

Random forest 0.697 (0.013) 0.687 (0.010) 0.744 (0.247) 0.694 (0.013) 0.740 (0.09)

Convolutiona neural network 0.793 (0.013) 0.804 (0.014) 0.793 (0.014) 0.790 (0.014) 0.822 (0.010)

Wav2vec 2.0 0.769 (0.005) 0.782 (0.021) 0.746 (0.031) 0.768 (0.006) 0.815 (0.077)

8AUROC: area under the receiver operating characteristic curve.

Figure4. (A) ROC curvefor 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
CNNsand state-of -the-art speech recognition modelsare capable
of attaining robust performance on this task, with lightweight
statistical classifiers still achieving reasonable results.

Privacy

One consideration for any recorded audio medical diagnosisis
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, alowing for private offline symptom detection as well
as privacy-preserving federated | earning approaches[33]. Prior
work investigated using federated learning techniques to
preserve privacy while boosting model performance on a
functional magnetic resonanceimaging classifier task; asimilar
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 isthe relative imbalancesin the
gender distribution of children who comprised our speech data
set. Our data set included a split between 95% males with ASD
and 5% femaleswith ASD for autistic speech segments, aswell
as a 39% NT male, 58% NT female, and 3% NT unknown
gender split for NT speech segments. Our data set had asizable
imbalance in terms of the relative proportion of males and
femaleswith ASD represented. Although someimbalanceisto
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-femal eincidenceratio, which would result in adata 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
till 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 aclinical evaluation, theselabels
are self-reported and thus unverified.

Another limitation of our work is that we evaluated on a
relatively small dataset. Additionally, manually splicing videos
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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 hurdie to
overcometo devel op 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 datafrom awider selection of both
children with autism and NT children. One particular area of
interest may be wearabl e 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
[60Q]. Previouswork investigated using such classifiersto detect
autism or approach autism-rel ated tasks like identifying emotion
to improve socidization 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 al 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
asingleclass.

Conclusions; Thiswork validatesthat mobile games designed for pediatric therapies can generate high volumes of domain-rel evant
data sets to train state-of-the-art classifiers to perform tasks helpful to precision health efforts.

(JMIR Pediatr Parent 2022;5(2):€26760) 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

emotion, such as children with autism who have trouble with
emotion evocation and recogni zing emotions displayed by others

Automated emotion classification can serve in pediatric care  [1-3]- In prior work, computer vision models for emotion
solutions, particularly to aid those who struggle to recognize  "ecognition [4-6] used in digital therapeutics have shown
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significant treatment effectsin 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
analysisof image datafor continuous phenotyping and repeated
diagnoses in home settings [18-33]. However, facial emotion
classifiersand the underlying data sets on which they aretrained
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 facia emotion
classifiers that work for children. With alack of labeled data
being the fundamental bottleneck to achieving clinical-grade
performance, low-cost and speedy data generation and labeling
techniques are pertinent.

As afirst step toward the creation of alarge-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 cameraon 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

Washington et a

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 al 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 framesthrough
quality control algorithms, and uploaded the frames on acustom
behavioral annotation  labeling  platform  named
HollywoodSquares. We prioritized the high entropy frames and
shared them with agroup of 9 human annotatorswho annotated
emationsintheframes. Intotal, 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
demonstratesthat therapeutic games, while primarily providing
abehavioral intervention, can s multaneoudy generate sufficient
datafor training state-of-the-art domain-specific computer vision
classifiers.

Methods

Data Collection

The primary methodological contribution of this work is a
genera -purpose paradigm and pipeline (Figure 1) consisting of
(1) passive collection of prelabeled structured videos from
therapeutic interventions, (2) activelearning 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 aclassifier while
artificially augmenting the training set. We describe our
instantiation of thisgeneral paradigm in the following sections.

Figurel. Pipelineof themodel training process. Structured videos enriched with child emotion evocation are coll ected from amobile 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 |abelson arating platform named HollywoodSquares. The frames are corresponding |abel sthat are transferred onto a ResNet-152 neural network

pretrained on the ImageNet data set.
Fine tune convolutional

Active learning to
rank order frames neural network

Train models on
HollywoodSquares dataset

Human annotation of
preprocessed frames

Collection of structured
gameplay data

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.

Ethical Consider ations

All study procedures, including data collection, were approved
by the Stanford University Institutional Review Board (IRB
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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 procedureswere 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 asauseful
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. Thefront-facing cameraon the phonerecordsavideo
of the child in addition to corresponding prompt metadata. All
sessionslast 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, parentscan (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 universa
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.

Washington et a

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 framelabeling 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 GuesswWhat 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 aframe and press the hot key
corresponding to the emotion they want to label. Asmoreframes
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 alabeling 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. Theratersincluded 2 malesand 7 females. For theframes
produced by each individual annotator, wetrained a ResNet-152
model (see Model Training). We updated annotators about the
number of frames they |abeled 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.

select your label:
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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. Thisprovided
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
thislabel was assigned asthefinal framelabel. If disagreements
existed between raters, then the emotion gameplay prompt
associated with that frame (the * automatic label”) was assigned
asthefinal label for that frame, aslong asat 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 L earning

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 x 10, with B, set to .99 and 3, set to .999.
We retrained every layer of the network until the training
accuracy converged. The model converged when it did not
improve against avalidation 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 framesbetween —15 and 15 degrees,
zooming by afactor between 0.85 and 1.15, shifting imagesin
every direction by up to 1/10th of thewidth and height, changing
brightness by a factor between 80% and 120%, and potential
horizontal flipping.

The CNN wastrainedin parallel on 16 graphics processing unit
(GPU) coreswith ap2.16xlarge Elastic Cloud Computeinstance
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 Facia 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
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(CK+) data set [53]; the other model was trained with these
public data set frames plus al 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 racialy 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 expressionsfrom children
and has become a standard benchmark for thisfield.

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 a internal
consistency score of .82 (versus.77 for the full CAFE data set).
Subset B containsimages showing “ substantial variability while
minimizing floor and ceiling effects’ [54], with a Cronbach a
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
containsthe number of framesthat wereincluded in thetraining
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). Thelarge
number of curated frames displaying emotion demonstratesthe
usefulness of HollywoodSquaresin filtering out emotion events
from noisy data streams. The lack of balance across emotion
categoriesisatestament 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.
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Table 1. Emotions represented in the HollywoodSquares data set, including how many children and videos are represented for each emotion category.

Emotion Frequency Number of children Number of videos
Anger 643 28 62

Disgust 1723 46 95

Fear 1875 41 89

Happy 13,332 73 228

Neutral 16,055 87 289

Sad 947 31 93

Surprise 5393 52 135

Table 2. Representation of race and ethnicity of children whose who played the “Emoji” charades category and uploaded a video to the cloud.

Race/ethnicity Frequency

Arab 6

Black or African 16

East Asian 16

Hispanic 36

Native American 7

Pacific Islander 5

South Asian 14

Southeast Asian 7

White or Caucasian 100

Not specified 60
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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.

anger

disgust

fear

happy

neutral

surprise

sad

Performance on CAFE, CAFE-Defined Subsets, and
CAFE Subset Balanced in Termsof 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
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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 wasincluded in thetraining set, the
model achieved abalanced 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 abalanced accuracy of 52.5%, highlighting the contribution
of the HollywoodSquares data set.
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Figure 4. Confusion matrix for the entirety of the Child Affective Facial Expression data set.
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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 X ception [58]. The
sametraining conditions and hyperparameterswere used across
all models. We found that ResNet152V 2 performed better than
the other networks when trained with our data, so we used this
model for the remainder of our experiments.

https://pediatrics.,jmir.org/2022/2/e26760
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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 set®

Model Balanced accuracy (%) F1-score (%) Number of network parameters
ResNet152V2; Heet al [49] 64.12 64.2 60,380,648

ResNet50V2; He et al [49] 63.67 63.12 25,613,800

InceptionV 3; Szegedy et a [55] 59 59.66 23,851,784

MobileNetV2; Sandler et a [56] 57.63 58.19 3,538,984

DenseNet121; Huang et al [57] 58.2 59.19 8,062,504

DenesNet201; Huang et a [57] 57.02 58.95 20,242,984

Xception; Chollet and Frangois[58] 58.16 60.58 22,910,480

@Default hyperparameters were used for all networks.

Figure5. Confusion matrix for Child Affective Facial Expression Subset A.
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Figure 6. Confusion matrix for Child Affective Facial Expression Subset B.
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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 label's, 80%-90% correct human
labels, etc). Figure 7 shows that our classifier performs
exceedingly well on unambiguous images. Of the 233 images

https://pediatrics.,jmir.org/2022/2/e26760
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with 90%-100% agreement between the original CAFE labelers,
our classifier correctly classifies 90.1% of theimages. Thetrue
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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Figure7. Classifier performance versus original CAFE annotator performance for 10 difficulty bins. The classifier tendsto perform well when humans
agree on the class and poorly otherwise. The numbersin parentheses represent the number of imagesin each bin. This highlightsthe issue of ambiguous
labelsin affective computing and demonstrates that our model performance scales proportionally to human performance. CAFE: Child Affective Facial

Expression.
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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 classifiersevaluated in earlier studiesinvolving
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 asingle class. By contrast, we achieved abalanced
accuracy of 66.9% and an F1-score of 67.4% without including
any CAFE imagesinthetraining set. Thisisaclear 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.
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the need for extracting facial keypoint features, as was the case
in prior works. Instead, we used the unaltered images as inputs
to adeep CNN.

Limitations and Future Work

A magjor 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. Thisis 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 adevel opmental 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.

Thereare severd fruitful avenuesfor futurework. The paradigm
of passive data collection during maobileintervention 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 aso 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

Washington et a

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 adynamic 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: Intravenousinjection isthe 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 Asiaand very few experimenta studiesin 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 aquasiexperimental 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 amedical center in northern
Taiwan. Theresearch datawere collected longitudinally at threetime points. before, during, and after intravenousinjection. 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 X test.

Results: A total of 60 hospitalized children aged 3 to 7 years participated in this study, including 30 participantsin the treatment
group and 30 participants in the nontreatment group. The average age of children in the treatment and nontreatment groups was
5.04 yearsand 4.38 years, respectively. Buzzy significantly mitigated pain in children during intravenousinjection with asignificant
difference between the two groupsin 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: Theintervention of using the Buzzy device was effective in reducing pain levels of intravenous injection among
hospitalized children. The specific focus on children in Asiamakes a val uable 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 atechnol ogy-based
app to increase the efficiency of use and provide more data collection functions.

(JMIR Pediatr Parent 2022;5(2):€15757) 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.
Therelated 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]. Thisnot only wastesmedical
supplies and nursing time but aso 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 anegative experience that affectstheir
behavioral response to pain during future invasive treatments
[10-12]. Therefore, it is crucia for nurses and health care
providersto 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 theinjection and
provides effective pain relief. Buzzy isincreasingly 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 a [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 aliterature review, there are
very few experimental studies in Asia to address the
effectiveness of the Buzzy device at treating needle pain in

https://pediatrics,jmir.org/2022/2/e15757

hospitalized children [26]. No clinical study has been reported
in applying the Buzzy devicein hospitalized childrenin 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.

Resear ch 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. Thepainleve of pediatric patientsislower 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 patientsreport a satisfactory experience with
intravenous injection when Buzzy is employed.

5. If achild has had an unpleasant injection experiencein 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 aternately 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 datawere collected at threetime points:
before, during, and after intravenousinjection. Beforeinjection,
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) scalewas used to measure
the behavioral response of the children to pain during
intravenous injection. The WBFS was used after the injection
to measurethe actua 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

Theinclusion criteria of the study were as follows: (1) age 3-7
years, with the child accompanied by their parent; (2) required
to receiveintravenousinjection during hospitalization; (3) could
speak Mandarin or Taiwanese with clear consciousness; and
(4) participation consent of the patient or parent(s). The
exclusion criteriawere (1) cognitive or developmental delay or

Choet a

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 devicefor pain management, Moadad et a [12] indicated
that atotal 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 cal culated 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.

Framewor k

On the basis of the research purpose and results of aliterature
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 yearsduring intravenous injection.
The pain level was then related to demographics and injection
experience.

Figurel. Study framework. FLACC: Faces, Legs, Activity, Cry, Consolability; WBFS: Wong-Baker Face Scale.

Influencing Factors
(1) Demographics of the child
1. Age
2. Sex
(2) Previous injection experience
1. Last experience with injection

Intervening variables
Treatment group

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
guestionnaire 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.
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Performance variables
Pain
1. WBFS, FLACC scale

(2) Present injection
1. Injection time
2. Number of attempts

Routine care + Buzzy 3. Present injection experience
Nontreatment group
Routine care
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 facestoward the right
indicate “more painful.” They asked the children to point to the
facethat 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 a is
.82-.92[29,30].

FLACC Scale

Usingthe FLACC scale[31], therecruiter 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 O denoted that the child was relaxed and
comfortable, a score of 1-3 denoted dlight discomfort, a score
of 4-6 denoted moderate discomfort, and ascore 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 deviceis
approximately 8x5x2.5 cmin size, and its exterior designisin
the shape of abee (Figure 2). A thinice bag resembling awing

Figure 2. Image of the Buzzy device.
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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 a 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.

Data Collection

The recruiter explained the research purpose, methods, and
content to theward head nurse and nursing staff. Therecruitment
of participants and data collection were performed without
affecting nursing care activities. Two nurses with 3 years of
nursing experience wererecruited for this study and participated
in the study briefing workshop so as to understand the purpose
of the study and the steps to performit.

Therecruitersinvited children that met our inclusion criteriato
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

https://pediatrics,jmir.org/2022/2/e15757

recruiter explained the Buzzy deviceto the caregiver and child
using a video and the Buzzy device. The data collection
procedureisillustrated in Figure 3.

In the treatment group, the implementation of the intervention
consisted of three main steps. First, avideo was used to explain
the Buzzy device and its operating proceduresto 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. Therecruiter turned off the device when the nurse
completed the injection.

IMIR Pediatr Parent 2022 | vol. 5 | iss. 2 [e15757 | p.210
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

Choet a

Figure 3. Flowchart of the study procedure. FLACC: Faces, Legs, Activity, Cry, Consolability; WBFS: Wong-Baker Face Scale.

According to the time of admission, the recraiter
randomly assigned the children meeting the criteria
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|
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Task: (1) Measurement of actual pain during intravenous injection
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|

Provide emotional comfort and reward
Help participant back to their ward

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 datain 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 x? 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

https://pediatrics,jmir.org/2022/2/e15757
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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
wererandomly 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 femal e 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 (x2,=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 x tests of
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demographic information revealed no significant intergroup
differences (P>.05) regarding age, sex, hospitalization

Table 1. Demographic information of research participants (N=60).
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experience, last injection experience, injection duration, and
number of attempts, as detailed in Table 1.

Variable Treatment group (n=30), n (%)  Nontreatment group (n= 30), n (%) X 2 df P vaue
Age (years) 7.38 3 .06
34 5(17) 13 (43)
45 6 (20) 7(23
5-6 14 (47) 9(30)
6-7 5(17) 1(3)
Sex 3.27 1 .07
Male 19 (63) 12 (40)
Female 11 (37) 18 (60)
Inpatient experience 2.05 1 15
No 6 (20) 11 (37)
Yes 24 (80) 19 (63)
Previous experience of intravenousinjection 2.38 1 A2
Good (3-5) 11(37) 4(17)
Poor (0-2) 19 (63) 19 (83)
Injection duration (minutes) 342 2 .18
<5 20 (67) 16 (53)
5-10 4(13) 10 (33)
>10 6 (20) 4(13)
Number of attempts 1.00 1 31
1 26 (87) 23(77)
2 4(13) 7(23)

Level of Pain Relief With Buzzy

Expected Pain Before Employing Buzzy During
I ntravenous | njection
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).

Variable Treatment group (n=30), median Nontreatment group (n=30), median Z P value
Expected pain beforeinjection (WBFS?) 6-00 6.00 -0.659 51
Behavioral responseto painduringinjec- 4.00 6.00 -3.551 <.001
tion (FLACCP)

Actual pain after injection (WBFS) 2.00 8.00 -3.880 <.001

AWBFS: Wong-Baker Face Scale.
brLACC: 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 needleinsertion was

https://pediatrics,jmir.org/2022/2/e15757

completed and the drip was connected. During injection, the
FLACC scalewas used to score the behavioral responses of the
children to pain. The median pain score was 4.00 in the
treatment group; overal, 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 groupsin behavioral responsesto 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
I ntravenous | njection

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
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U test revealed that the pain score after injection was
significantly different between the two groups (Table 2). Thus,
Buzzy significantly mitigated pain during intravenousinjection.

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 apain 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 waslower 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).

Group Expected pain, median Actual pain, median 4 P value
Treatment group (n=30) 6.00 2.00 —2.652 .008
Nontreatment group (n=30) 6.00 8.00 -1.689 .09

Duration of I ntravenous | njection, Number of Attempts,
and I njection 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 arating 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. Tabled4. Comparison of duration, number of attempts, and previous and present intravenous injection experiences (N=60).

Variable Treatment group (n=30), median  Nontreatment group (n=30), median Z P value
Injection duration (minutes) 5.00 5.00 -1.393 .16
Number of attempts 1.00 1.00 —-0.993 .32
Previous intravenous injection experience® 150 1.00 -0.996 32
4.00 2.50 —2.387 .02

Present intravenous injection experience®

8Rated on a scale of 0-5 from “extremely poor” to “excellent.”

Degreeof Influence of I njection Experienceon 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

https://pediatrics,jmir.org/2022/2/e15757

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 asignificant 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
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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) Effectson Pain Level

The children were divided into four age groups: 3-4, 4-5, 5-6,
and 6-7 years. Age group—based differencesin 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 painin 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
scoresin 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 effectiveintervention 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 aso 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.

https://pediatrics,jmir.org/2022/2/e15757
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Degree of Influence of Buzzy on the Present Injection

Moadad et a [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
differencein the rate of successful injection was nonsignificant
(Z2=0.993, P=.32). Wethusfound that using Buzzy did not affect
the rate of successful injection or injection duration; however,
the children inthe treatment group were more cooperative during
the injection process. This could increase the willingness of
clinical staff to use Buzzy.

Degree of Influence of I ntravenous I njection
Experience on Needle Pain

Hsieh et a [8] reported that 62.9% of children had an unpleasant
experience of injection in the past. In our study, 19 childrenin
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 intravenousinjection
and most of these experiences were unpleasant.

Theliterature suggeststhat 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). Thesefindingsindicatethat areliable 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 Differencesin 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 experiencelesspain
(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 x? test revealed no
significant differencein age (x23:7.38, P=.06) between thetwo
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-Wallistest reveal ed no significant age-based differences
in either group. The child participantsin 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
levelsfelt 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 x? test showed no significant difference between the two
groups (x%,=3.27, P=.07). The Mann-Whitney U test was
performed to determine whether children of different sexeshad
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; Zz=-2.566, P=.01), whereas in the treatment group,
significance was not achieved in any of thesethree aspects. This
result showed that the use of Buzzy closed the gap between the
sexesregarding pain level. Thisresult 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
ashort 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 emotiona 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.

https://pediatrics,jmir.org/2022/2/e15757
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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 casesfor
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
atechnol ogy-based app for increasing the efficiency of useand
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.
L egitimate 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
issuitable for agiven 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 WBFSisaclear 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
islarge. Moreover, to determine whether sex affects pain level,
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we recommend employing sex asacontrol 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 ingtitutions do not have time to instruct
and consol e 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 thetreatment group were significantly different
from those of the nontreatment group. The pain-rel ated response
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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 afactor affecting pain level, the use of Buzzy reduced the
degree of pain to the samedegreefor boysand girls. Researchers
could use this result as a reference when selecting research
participants in Asian areas, as well as when considering the
influencing factorsin future research.
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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: Thisstudy exploresthe 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 procedureswere used to expl ore associ ations between caregiver avareness
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: Theresultsindicated 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.
Motherswho were aware of the guidelines allowed significantly |ess screen time for infants than those who were unaware (P=.03).
In addition, parents who adhered to the AAP guidelines reported significantly lessinfant 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. L ess educated mothers rated an infant’s relaxation as a motivational factor in alowing
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.

(IMIR Pediatr Parent 2022;5(2):€29102) 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
Exposurefor 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 devel opment 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 theinfant and their caregiver arelost during
that 1 hour [12]. The presence of background media has also
been shown to reduce caregiver interactionswith 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 suggeststhat infantsare
not able to learn from screen time the way they learn from
real-life experiences. Vandewater [19] found no differencesin
language devel opment 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 a [20] found that reading was associated with alarger
vocabulary, whereas screen media had no impact on vocabulary.
The one type of media that is seen as making a positive
contribution to development islive human interaction viavideo
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

https://pediatrics,jmir.org/2022/2/€29102

substantial amount of contingent interaction with the infant in
the form of communication takes place during the call [13].

When screen time reducesinteraction 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 struggleto stay focused on atask, 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-scal e 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
timearelikely to be detrimental across developmental domains.

Caregiver Awarenessand M ativationsas| mpediments
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 encourageits use by their infantsand toddlers.
Currently, it is unclear whether the lack of adherence stems
from caregivers being unaware of these guidelines or believing
that screen time has benefitsfor 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
parentstypically gather information from multiple sourceswhen
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, studieson 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 asample
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 motivesin exposing their children to screen timein 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 mediause[32]. Brown and Smolenaers[2] used interviews
toinvestigate 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
factorsacrossalarger sample, testing for relationships between
motivational factors and caregivers adherence to screen time
recommendations.

Study Context and Research Questions

Major professiona organizations focused on child health and
well-being, specificaly 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, adherenceto, and motivationsrelated
to such guidelines. Therefore, in this study, our goal isto recruit
asample of parentswith 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 amixed
methods survey approach (quantitative and qualitative elements)
to further explore the variables of awareness, adherence, and
motivation for screen mediaexposure among parents (mothers)
of infants (age <2 years). We seek to investigate several research
questions (RQs) as follows:

« RQ1: What isthelevel of awarenessthat parent caregivers
express related to AAP's recommendations on limiting
screen time exposure for infants?

+  RQ 2: What isthe 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 awarenessof 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
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motivationsfor allowing their young children to use screen
mediaand 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 possihilities
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, wefeel
it is likely that some mothers would alow 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

Approva 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 samplefor 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. Initialy, 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
guestions beyond the demographi cs section (5/220, 2.3%). Once
theseindividualswere excluded, 80.9% (178/220) of thefemale
caregivers of infants aged 0-2 yearsremained in thefinal 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 thetarget infant as biol ogical mother or adoptive
mother (174/178, 97.7%), whereas 1 (0.6%) each reported as
stepmother, grandmother, aunt, and foster parent. Caregivers

Table 1. Characteristics of caregivers of infants aged 0-2 years (N=178).

Lammers et al

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.

Caregiver characteristic

Value, n (%)

Race or ethnicity
White
Black or African American
Native American or native Alaskan
Asian
Hispanic or Latino
Multiracial
Partner ship status
Married
Single
Significant other (not engaged)
Significant other (engaged)
Divorced or separated
Education level
High school or equivalent degree or less
Some college or associate degree
Bachelor’s degree
Postgraduate degree
Other
Employment status
Not seeking outside employment
Seeking employment
Employed <25 hours per week
Employed 26-39 hours per week
Employed >40 hours per week

Annual family income (US $; n=173%)
0-20,000
20,001-40,000
40,001-60,000
60,001-80,000
80,001-100,000
>100,001

153 (85.9)
6 (3.4)
8 (4.5)
4(2.2)
4(2.2)
3(L7)

115 (64.6)
24 (13.5)
21 (11.8)
14(7.9)
4(2.2)

33(185)
52 (29.2)
58 (32.6)
32(17.9)
3(L7)

39(21.9)
6(3.4)

18 (10.1)
22 (12.4)
93 (52.2)

34(19.6)
29(16.7)
27 (15.6)
24(13.9)
29 (16.8)
30(17.3)

8Five mothers opted to not provide their income details.

https://pediatrics,jmir.org/2022/2/€29102

IMIR Pediatr Parent 2022 | vol. 5 | iss. 2 [€29102 | p.222
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

Procedure

Collaborating partners distributed study information by emailing
aproject 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 popul ation with broader socioeconomic
backgrounds. Data were collected from May 2019 to January
2020.

The survey was made available electronically viaQualtrics, and
participants were able to reach it viaan email link or QR code
specific to the survey. Mothers took the survey in alocation 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.

M easures

Overview

Participant information was gathered through completion of a
guestionnaire that included questions regarding participant
characteristics, infant screen media exposure, parental
knowledge of mediaguidelines, and parental motivation related
toinfant mediause. Responseswere collected in various formats
including Likert-type scales, short entry or drop-down lists, and
short essay responses. This combination of approachesallowed
mothers to answer some of the questions in their own words
and provide insight into their awareness and thought patterns.
A number of specific measureswere 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 tota of two questions were
asked (4 intotal) for screen timeduration, 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
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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 alow 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 devel oped 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 al participantsindicating “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 analysiswas 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 Adherenceto I nfant 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 variabl e 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 devel oped specifically for
this project.

Parental Motivations Scale

A dlightly adapted version of the Parental Motivations Scale
[32] was used in this study. The Parental Motivations Scale by
Cingel and Krcmar [32] was devel oped based on a qualitative
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interview study on parent motivationsin relation to screen time
for young children conducted by Rideout et al [34]. The Parental
Motivations Scale was originally validated through an
exploratory factor analysisthat used a varimax rotation, which
identified 5 dimensions with eigenvalues >1 and Cronbach o
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 educationa” 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 groupsto identify
other potential motivators. On the basis of thisinput, we created
3 exploratory scale items. These items fit into the factors of
choresand education (MultimediaAppendix 1). One additional
guestion 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 0=.82-.93). When the
exploratory questions were included, internal consistency for
the education factor remained the same (Cronbach a=.92), but
that for the chores factor increased from the original Cronbach
0=.88 to Cronbach a=.92. Thus, the additional questions
improved the internal consistency of the chores subscale.

Analysis

Results were calculated using the fina 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), questionswere 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, caregiversweretold 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
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inwhich ratings of 4 (most of thetime) or 5 (always) were coded
asadhering, whereasratingsfrom 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
associ ation between awareness of the AAP' srecommendations
and parental adherence. Each of therelevant variableswas 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 parenta
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 samplet 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
itemsincluded 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 Awarenessof 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 responsesto the question, “In your own words, what
isthe 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 membersis ok, [but] should belimited.
Everything [elsg] 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, “1 believeit saysvery
minimal or none?’ and “1 have no ideabut | would guessnone”).
In addition, 9.9% (17/172) of mothers were partially correct
(eg, “no TV at al” and “limit screen time or not haveit 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 mothersfailed 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 “Unredlistic’) 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 al (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
mothersin 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 centersand 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
(21172, 1.2%)).

RQ 2: Adherencetothe AAP’'s Recommendations on
Infant Screen Time

A second RQ investigated the adherence of infant caregiversto
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
a5-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
thetime) 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 reveal ed 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
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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 (F,,49=22.55; P<.001,

np2=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 motherswho 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-sguare analysis indicated that there was a significant
association between parents’ awareness of the AAP screentime
guidelines and parents adherence to them (172/178, 96.6%;
x21:10.9; P<.001; Cramer V=0.25). Of the caregiverswho 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 srecommendations (65/172, 37.8%), only 34% (22/65)
of the mothersreported 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;

F11604.63; P=.03; n,’=0.03).

RQ 4. Parental Motivation Factors Related to Screen
Time Exposurefor Infantsand Maternal Education

The next RQ explored parental motivation factors for alowing
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
tothe AAP guidelines (86/172, 50%), descriptive statisticswere
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 timefor enjoyment
(mean 3.76, SD 1.66), and the mother needing to do chores

IMIR Pediatr Parent 2022 | vol. 5 | iss. 2 [e29102 | p.225
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

(mean 3.62, SD 1.63). Additional motivation factorsthat 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 aso 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 assesswhether 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 arationale
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% Cl 0.01-1.29; tg,=2; P=.048;

Lammers et al

Cohen d=0.44). A second parental motivation construct, reward,
was aso rated higher as a reason for allowing screen time by
motherswith 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% ClI
-0.11to 1.41; tg4=1.70; P=.09; Cohen d=0.38; considering aP
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 M otivation Factorsand | nfant 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
asan independent variable for thisanalysis, 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 (Fs 103=0.98; P=.43; R?=0.04).

Table 2. Linear regressions between average infant screen time per motivational factor.

Parental motivation factor B (SE) B t test (df) P value

Educational benefit -0.05 (0.06) -.10 -0.94 (123) .35

Ask or enjoyment 0.07 (0.08) A3 0.90 (123) 37

Chores -0.07 (0.07) -.14 -1.04 (123) 30

Reward 0.06 (0.05) 13 1.19 (123) 24

Relax 0.03 (0.09) .05 0.32 (123) 75
Discussion the pandemic period (S Lammers, unpublished data, February

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 exposureto infantsand
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 atering the existing discrepancies between the
current screen time recommendations and parental awareness,
adherence, and motivations for allowing screen time use for
infants. Although these datawere gathered before the beginning
of the pandemic, the Infant Cognitive Development Lab is
preparing amanuscript that explores parental motivationsduring
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2022).

Awar eness 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]. Inour 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 mediarecommendations, with Funk
et al [29] reporting only 34% of parentswho 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 al'so many mothers who had a
genera 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 guidelinesis
not simply an either-or situation, but that there is a range in
mothers’ understanding of AAP recommendations.

It isnoteworthy that >2 out of 5 mothersin thissample (52/172,
44.2%) were unaware of the AAP's recommendations, as it
suggeststhereisacontinuing 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. Thisfinding suggests that current methods of conveying
important parenting messages can be improved or expanded.
Furthermore, mothers understanding of the AAPs
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
asakey source (41/172, 23.8%). Thisisconsistent 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 a [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].

Adherenceto 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 adherenceinfluencesinfant screen time exposure. Although
organizations such as the AAP publish such guidelines to
encourage best practicesinraising children [29], it seemslikely
that adherence to such recommendationsvarieswidely 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
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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 isaprominent 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 analysisindicated that those
caregiverswho 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 motherswho were unaware limited infant screentime
exposure. Thus, those who were clearly aware of the guidelines
weremorelikely to restrict screen timefor infants. Thisfinding
reiteratesthe need to increase effortsto 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 parentsfrom all owing some screen time.
Our investigation of parental motivations for allowing screen
time helped to further explain this finding.

Parental Motivation Factor sand M aternal 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 motivationsfor allowing screen use by young children
[32]. Results of our investigation also revealed that mothers
allow screentimefor avariety of reasons. Among the 5 parental
motivation factors assessed [32], in this study, the highest rated
motivation factor was perceived educational benefitsfor infants
(mean 4.56, SD 1.56; on a 7-point scal€).

This belief is a moderately troubling misconception. Several
studies have demonstrated that infants do not transfer skillsthey
learn on a screened device to the real world, thus furthering the
argument for limiting sedentary screentime. In addition, studies
with infants show deficits in learning when information is
presented in video format rather than from a live individual
[1,20]. 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, parentsin thisinstance 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 benefitswas
one of the most highly rated motivations for alowing infant
screen time in their research, indicating that this belief seems

IMIR Pediatr Parent 2022 | vol. 5 | iss. 2 [€29102 | p.227
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

consistent across different groups of parents. However, current
research suggeststhat the usefulness of engaging in screentime
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 factorsfor
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 parentsfor 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 improvethereliability
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 factorsfor 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 |ess educated endorsed infant screen timeto reward achild
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 atool to calm or reward children, instead
using methods that resemble parenting best practices to
accomplish these tasks [15,36]. In contrast, the lack of
differencesin 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 factorsfor allowing infant screen
time exposure were predictive of screen time use during infancy.
Brown and Smolenaers[2] reported arange 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
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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
thesefactors provideinsight into parent motivationsin 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
guidelinesfrom the AAPfor infant screentime, their adherence
to such guidelines, and factorslinked 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]. Thisstudy clarifies parental awareness
of such information specific to infant screen time, suggesting
either alack 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 parentsbelieve
that exposure to screen time before the age of 2 yearsisactually
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. Theimplication for thoseinvolved in educating parents
isthat such an effort must go beyond information transmission
and instead consider carefully how parentsreceiveinformation,
how to maximize their learning of research-based knowledge,
and waysto elevate theimpact of thislearning 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 hastaken
extensive policy measures to ensure the reduction of infant
mediaexposureis France. In 2008, the French High Audiovisua
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 empirica 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 statementsthat counter the guidelines
set by the AAP and the World Health Organi zation. The RCPCH
[37] believesthat 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 entitiesaround
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
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regions of the United States. In addition, the samplewas limited
by restricting eligibility to only female primary caregivers.
Additional research with an expanded, more diverse population
is advisableto 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 amorefine-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 caregiversin 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
motherswerelesslikely to endorse certain reasonsfor allowing
infant screen time, such as to help children relax or to reward
them, but otherwise, parental mativations 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
theimportance of extending beyond policy statementsto 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 opportunitiesfor 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 thisresearch
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 scaleswith existing functional and internet-rel ated
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/ldentification, Influence/Critical Analysis, and Action/Reaction) fit their Rasch
models. The 9-item Recognition/lIdentification 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 a so 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 devel opment of
interventions and policies to affect these relationships in multiple settings.

(JMIR Pediatr Parent 2022;5(2):€35067) doi:10.2196/35067

KEYWORDS
adolescents; health communications; health literacy; measurement; media health literacy; Rasch; mobile phone

from 2006 to 2016, and 82% of 12th graders used social media

Introduction daily in 2016. According to aPew survey (2018), approximately
Background 95% of adolescents own or have access to a smartphone, and

- . ) i almost half of them are online constantly [3]. High levels of
The presence of digital mediais evolving as people, especially  meqia use among adolescents are related to negative outcomes,
adolescents, continue to socialize and interact with the world ;4 uding poor academic achievement [4], obesogenic behaviors

more frequently through this medium [1]. Twenge et a [2] 54 obesity [5], mental health problems [6], and substance use
found that the time 12th graders spent online more than doubled [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
differsfrom medialiteracy inthat 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 medialiteracy islikely due
to the lack of measures for assessing adolescents MHL.
Levin-Zamir et a [11] developed a measure of MHL that
includes the four domains described in their definition of the
concept. However, theitemswere based on video segmentsthat
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 medialiteracy. 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 a [11], this study aimsto 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 ameasurement model rather than asampled 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 aspecific person responding in aspecific manner
to aspecificitemiscalculated, and personswith higher abilities
have higher probabilities of endorsing higher items, whereas
items with higher difficulties have alower 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 isappropriate for validating
the MHL scales, as it identifies the person abilities level and

https://pediatrics.,jmir.org/2022/2/e35067
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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 Socia
Behavioral and Educational Institutional Review Board
(approval number: 1411003). Informed consent was obtained
from college students. Parent permission and adol escent assent
were obtained for adolescents' participation in data collection.

M easures

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 raceswere labeled
as multiracial. All questions included a “prefer not to answer”
option.

Newest Vital Sign

TheNewest Vital Sign (NV S[19]) isacommonly used measure
of functional HL and has good internal consistency (Cronbach
0=.76). The NV S includes 6 reading and numeracy questions
related to a provided nutritional facts label. Responses were
scored, summed, and categorized asahigh likelihood of limited
literacy (0-1 correct responses), apossibility 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
0=.88). The 8-item measure assessesindividuals’ 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 theinternet-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

IMIR Pediatr Parent 2022 | vol. 5| iss. 2 |e35067 | p.233
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

they used their HL skills [21]. Participants indicated whether
they engaged in 2 behaviorsindicative 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 Sgrenson et a [22].

MHL Scales Development

Measurement development involved item bank development,
guantitative data collection, and measurement eval uation.

Item Bank Devel opment

Using the definition and measure of MHL provided by
Levin-Zamir et a [11] as a guide, 26 images were created to
assess participants' ability to recognize health messages in
media, of which 10 (47%) wereintentionally unrelated to health.
We chose to use images rather than videos because images are
ubiquitous across multiple media outlets, including the social
media platformsthat adol escents 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 assi stantswho
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

Fleary

6 images unrelated to health) was then piloted. In al, 19
cognitiveinterviewswere 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 a [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%) imageswererevised (text was removed and imageswere
modified), 3 (17%) heath-related images and all 6 (33%)
non-health-related images were removed, and 1 (6%) image
was added (Figure 1). Non-health-rel ated images were removed,
as responses varied in cognitive interviews based on how
participants defined health. Qualitative responseswere al so 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 questionsfor 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.

IMAGE SET

DEVELOPMENT: 26 items

Quantitative Data Collection and Measurement
Evaluation

Therevised measure was administered to aconvenience 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, adolescentswere recruited viaflyersthat 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 tabletsusing
the Qualtrics survey platform (Qualtrics Internationa 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

https://pediatrics.,jmir.org/2022/2/e35067

COMMUNITY REVIEW
Retained=6; Revised=12;
Eemoved=8; Added=0;
Total=18

COGNITIVE
INTERVIEWS
Retammed= 2; Revised=T;
Removed=9; Added=1;
Total=10

structure; therefore, not al items have to be on the samerating
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 theitems (informed by Levin-Zamir et a [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, asthey 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]. Onthe basis of the recommendation by Christensen
et al [27], the Q3 test Statistic, which is calculated as Qg

IMIR Pediatr Parent 2022 | vol. 5| iss. 2 |e35067 | p.234
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

(maximum standardized residual correlation between a pair of
items) minusthe mean of Q; (mean of all standardized residual
correlations between item pairs), was cal culated. Q3 . 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 valuesfor Qs 1, and the Qs » test stetistic
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. ltems
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
responseswas 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
correlationswere removed, asthese indicated that theitemsdid
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
reasoningsfor theitems[32]. The key assumptions of the Rasch
models were examined at each iteration of model estimation.

Reliability for both itemsand 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 strataacrossthe scores and then using thisto calculate

the sample-independent reliability (ie, number of levels¥1 +

number of levels?). 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 logitsrequires
at least 100 participants per subgroup [34], and significance
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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
caculate 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 cal cul ated after the three scaleswere
finalized. Convergent vaidity (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 measureisrelated 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 sizeswere al so 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 theinitial intent of the measure devel opment process
was to develop scales to assess the MHL domains outlined by
Levin-Zamir et a [11], the resultant two scales with good
validity would likely be difficult to administer in most settings
because of thelength of the scales. Furthermore, having asingle
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
(imagesMHLH6, 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 mae 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
L atinx adolescents choosing “ other” astheir race. A subsample
(n=200) of adolescents completed the NV'S; 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).

Variable Values,n  Recognition/ Identification Influence/ Critical Action/ Reaction Short Form
(%) Analysis
Values, F value Values, Fvalue  Vaues, Fvaue  Vaues, F value
mean (SD) mean (SD) mean (SD) mean (SD)
Gender 2.21 12.65a 1.04 18.31a
Boys 136(38.3) 6.81(1.98) 11.47 3.55 (2.53) 13.83
(2.55) (2.83)
Girls 165 (46.5) 7.12(1.48) 12.49 3.86 (2.57) 15.18
(2.23) (2.36)
Missing 54(152) _b — — —
Age (years) 0.24 031 1.90 0.40
12-14 57(16.1) 6.89 (1.78) 12.08 4.43 (2.41) 14.63
(2.75) (3.01)
15 50(14.1)  6.98 (1.49) 11.91 3.79 (2.15) 14.49
(2.38) (2.59)
16 63(17.7)  7.02(1.89) 12.24 3.43(2.79) 14.81
(2.33) (2.53)
17 101(28.5) 7.09 (1.80) 11.91 3.35(2.59) 14.42
(2.35) (2.66)
18 34(9.6) 6.77 (1.54) 11.70 4.03 (2.61) 14.10
(2.78) (2.719)
Missing 50(16.1) — — — —
Hispanic or Latinx 0.30 1.26 0.02 0.47
Yes 150 (42.3) 6.98 (1.67) 11.81 3.68 (2.57) 14.40
(2.44) (2.68)
No 147 (41.4)  7.09 (1.67) 12.14 3.72(2.52) 14.62
(2.50) (2.73)
Missing 58(16.3) — — — —
Race 171 2.10° 1.23 2560
ANAANNHOPI® 24(68)  6.38(2.32 10.86 279 (2.34) 13.14
(3.30) (352)
Black 61(17.2) 6.87(1.68) 11.91 3.74(2.57) 14.27
(2.76) (2.96)
White 66 (18.6)  7.37 (1.56) 12.34 3.79(2.73) 15.03
(2.10) (2.37)
Multiracial 31(8.7) 6.97 (L.71) 12.67 3.37(2.28) 15.03
(2.25) (2.53)
Other’ 97(27.3)  7.08(154) 12.00 4.01 (2.58) 14.69
(2.149) (2.32)
Missing 76(21.4) — — — —
Newest Vital Sign 11.13% 31.932 0.65 20.332
High likelihood of 70(19.7)  6.47 (1.98) 10.24 3.94(2.33) 12.68
limited literacy (2.60) (3.03)
Possibility of limited 76 (21.4) 6.96 (1.53) 12.28 3.81(2.75) 14.75
literacy (2.12) (2.24)
Adequate literacy 54(152) 7.85(0.92) 13.35 3.41(2.74) 16.06
(1.57) (1.63)
Missing 155(43.7) — — — —
Recognition/I dentification 330.19% 27.632 1.83 53.722
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Variable Values, n Recognition/ Identification Influence/ Critical Action/ Reaction Short Form

(%) Analysis
Values, F value Values, Fvalue  Vaues, Fvalue  Vaues, F value
mean (SD) mean (SD) mean (SD) mean (SD)
Emerging 26 (7.3) 3.00(1.23) 9.43 (2.66) 2.96 (2.18) 10.76
(3.00)
Expanding 257 (72.4)  7.38(1.17) 12.23 3.71 (2.60) 14.87
(2.32) (2.42)
Missing 72(203) — — — —

Influence/Critical Analysis 9.66a 336.96a 3'45d 283.96a
Emerging 20 (5.6) 5.82 (2.65) 6.10 (1.25) 3.25(2.36) 8.00 (L.71)
Expanding 184 (51.8) 6.96 (1.61) 11.42 3.46 (2.43) 13.93

(1.64) (1.81)
Bridging 89(25.1) 7.55(1.14) 14.37 4.28 (2.77) 17.06

(0.49) (0.74)
Missing 62(17.5) — — — _

Action/Reaction 3.31¢ 8.769 670.442 10.169

Emerging 193 (54.4) 6.91 (1.70) 11.65 2.11 (1.43) 14.15
(2.62) (2.87)

Expanding 106 (29.9) 7.29 (1.59) 12.54 6.52 (1.35) 15.20
(2.11) (2.19)

Missing 56 (15.8) — — — —

Short Form 17.152 219.50* 135 277.972
Emerging 6 (L7) 4.67 (2.58) 4.67(1.21) 2.00 (1.67) 6.00 (1.10)
Expanding 157 (44.2)  6.75 (1.76) 10.72 3.75 (2.45) 13.08

(1.95) (1.99)
Bridging 122 (34.4) 7.58(1.12) 13.95 3.72(2.74) 16.75
(0.75) (0.77)
Missing 70(19.7) — — — —
3p<.001.
BNot available (missing data).
®p<.10.
dp< 05,

CANAANNHOPI: Asian, Native American/Alaskan Native, Native Hawaiian/other Pacific |slander.
fIn all, 70 adolescents who identified as other indicated that they were Hispanic/Latinx.

9p<.01.

Recognition/I dentification

The Recognition/ldentification item bank contained 10 items,
and 9 (90%) itemswereretained for thefinal 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, thefinal model was estimated after removing these
misfitting responses. Point-measure correlations for the final

https://pediatrics.,jmir.org/2022/2/e35067

scaleswere between 0.45 and 0.61, suggesting high correlations
with person ahilities. The assumptions of unidimensionality
(eigenvalue=1.5), local independence (Qzy,=0.17; Q3 test
statistic=0.27), and monotonicity were met. No DI F 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) a
was .74 (see Table 2 for thefit 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.

Item Media health literacy individual scales
Difficulty SE outfit MNSQ? Outfit ZSTDP PMC®
Recognition/l dentification
MHLH1REC 3.09 0.16 1.16 0.85 0.58
MHLH10REC 153 0.15 0.92 -0.68 0.61
MHLH8REC 147 0.15 1.22 1.88 0.51
MHLH9REC 0.34 0.17 0.87 -0.78 0.57
MHLH3REC -0.04 0.18 1.01 0.10 0.52
MHLH4REC -0.49 0.20 0.72 -1.18 0.54
MHLH2REC -1.84 0.30 0.39 -1.46 0.51
MHLH7REC -2.02 0.32 0.55 -0.79 0.45
MHLH6REC -2.05 0.32 0.28 -1.68 0.51
Influence/Critical Analysis
MHLH7AGR 1.42 0.07 0.90 -1.08 0.68
MHLH6AGR 1.05 0.07 0.98 -0.22 0.73
MHLH7INT 0.79 0.15 1.15 1.28 0.39
MHLHG6CON 0.12 0.16 1.20 115 0.36
MHLHS8INF -0.39 0.20 1.08 0.39 0.29
MHLH7CON -0.51 0.20 0.72 -1.16 0.65
MHLH7INF -0.57 0.20 1.16 0.68 0.26
MHLHGINT -0.86 0.22 0.64 -1.26 0.33
MHLH6INF -1.05 0.24 0.55 -1.49 0.35
Action/Reaction
MHLH7ACT 0.21 0.09 0.86 -1.72 0.79
MHLHS8ACT 0.09 0.09 112 1.33 0.79
MHLHG6ACT -0.30 0.09 0.97 -0.31 0.81

AMINSQ: mean square.
bZSTD: standardized statistic.
®PMC: point-measure correlation.

Recognition/Identification scores (mean 6.99, SD 1.73) differed
significantly by NVS category. Specifically, adolescents who
had adeguate 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 adol escents
guestioning 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 Analysisitem bank contained 11 items,
and 9 (89%) itemswereretained for thefinal scale (Multimedia
Appendix 2). The fina scale assessed adolescents' ability to

https://pediatrics.,jmir.org/2022/2/e35067

correctly identify the content and intent of the messages and
their critical analyseson theintended influences of the messages.
In al, 2 (11%) items were removed because of high ouitfit
statistics. The removal of the most misfitting person responses
did not improve the model fit. The point-measure correlations
for thefinal scalewere between 0.26 and 0.73. The assumptions
of unidimensionality (eigenvalue=1.6), local independence
(Q3max=0.-15; Qs 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
sampl e-independent reliability statistic was 0.90, and the scores
differentiated 3 distinct levels of performances—emerging
(scoresof 0-7), expanding (scores of 8-13), and bridging (scores
of 14-15). The KR-20 a was .91. The possible scores ranged
from O to 15 rather than O to 9 because this scale included
dichotomous and polytomous items and, for the Rasch Partial
Credit Model, each polytomous response option has a unique

IMIR Pediatr Parent 2022 | vol. 5| iss. 2 |e35067 | p.238
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

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 NV S category. Adolescent girls scored
significantly higher than adolescent boys (mean difference=1.02;
P=.001), and adolescents who had adequate literacy onthe NV S
had higher Influence/Critical Analysis scores than those who
had ahigh 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% Cl
1.11-1.54; Cohen d=0.86).

Action/Reaction

The Action/Reaction item bank contained 3 itemsthat 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 scae (Multimedia Appendix 3). There were no
misfitting items, and the removal of the most misfitting person
responses did not improve the model fit; therefore, al 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

Fleary

(Q3max=—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 was0.80, with the scores
differentiating 2 distinct levels of performances—emerging
(scores of 0-4) and expanding (scores of 5-9). The KR-20 a
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 NV S category.
The scale was significantly positively correlated with the NV S
(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 (Q3a=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 a 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.

Item Media Health Literacy Scales-Short Form
Difficulty SE Outfit MNSQ? outfit ZSTDP PMC®

MHLHSREC 148 0.14 1.19 2.21 0.36
MHLH7AGR 1.44 0.07 1.04 0.44 0.64
MHLH6AGR 1.16 0.06 0.83 -1.52 0.67
MHLH7INT 0.80 0.15 1.09 0.73 0.39
MHLH6CON 0.16 0.16 1.08 0.53 0.35
MHLHS8INF -0.35 0.20 0.94 -0.18 0.28
MHLH7CON -0.45 0.19 0.65 -1.58 0.64
MHLH7INF -0.53 0.20 113 0.55 0.26
MHLH7REC -0.79 0.22 0.98 0.03 0.28
MHLH6INT -0.81 0.22 0.65 -1.25 0.31
MHLH6INF -1.00 0.24 0.53 -1.60 0.34
MHLH6REC -113 0.24 0.57 -1.32 0.32

AMNSQ: mean square.

bZSTD: standardized statistic.

®PMC: 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

https://pediatrics.,jmir.org/2022/2/e35067

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
eHEAL S (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%
Cl 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 reviewsand cognitiveinterviews.
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/ldentification and I nfluence/Critical Analysisscales
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/lIdentification scale tested
adolescents  ability to recognize that the image was
health-related but did not address amore nuanced interpretation
of the images. Conversely, the more specific questions on the
Influence/Critical Analysis scale focused on the complexity of
engaging with health-rel ated media messages, namely theinitial
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 al responsesfor someitems (eg, influence
items) may seem plausible based on an adol escent’ s background,
adol escents 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
mediacontent. Our scoring system ranked individuals' responses
from no action to personal and community action. It ispossible
that our criterion validity items were not sufficiently sensitive
or specific to detect the validity of thisscale. It isalso possible
that the items may not adequately assess the Action/Reaction
construct asintended. Furthermore, asking adolescentsto predict
what they may do might be too abstract, and this approach might

https://pediatrics.,jmir.org/2022/2/e35067
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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 scenariosfor the media
content) should be explored, and the expansion of theitems (eg,
more empowerment-related HL behaviors) should aso 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 a [11] conceptualized the domains of
recognition/identification and influence as being similar to the
functional HL proposed by Nutbeam [14]. They aso equated
their critical analysisdomain (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], theinfluenceand
critical analysisitemsin our item bank formed 1 dimension that
may be better explained asinteractive MHL , and the recognition
itemsformed a separate dimension that may be better explained
asfunctional 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 a [11]
focuses on theintent to engage in action asaresult 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 a
[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 sameitem bank was used. Furthermore,
the use of images rather than videos has practical implications
for how the scaes 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 asthose
used in the MHL scales are familiar to adolescents and are
present in multiple types of mediathat 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/ldentification and I nfluence/Critical Analysisscales
ranged from small to large (Cohen d=0.34-0.86), suggesting
that thefinal scalesare 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/ldentification; however, thisisnot surprising, given
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that thisdomain is similar to functional HL and isamorebasic
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 analysisitems.
Furthermore, given that the effect sizesfor predicting HL-rel ated
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 severa 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 anormal distribution
of ability. Future studieswith normally distributed ability levels
should continue to assess the validity of the scales. Another
limitation was the insufficient age and race subgroup sample
sizesfor calculating DIF for each age and racial group. Despite
the insufficient subgroup samples for calculating DIF, Rasch
analyseswere conducted with an adequate sample, and theracial
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 scalesfor 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
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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 scalesisacritical 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/ldentification and I nfluence/Critical Analysisscales
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
curriculafor 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-rel ated media
content developed for adol escents.
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Abstract

Background: Social mediais 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: Thisis 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: Responseswere 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 socia 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 I nstagram users, patients with IBD were less likely to engage with support groups
(22% vs 56%, P=.04). Among Twitter users, patientswith IBD werelesslikely 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). Patientswith IBD were also lesslikely to sharetheir diagnosiswith 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):€34466) doi:10.2196/34466

KEYWORDS
social media; inflammatory bowel disease; type 1 diabetes; internet; young adult; children; Instagram; Facebook; type 1; diabetes

affected by the socia and interpersona impact of these
conditions [3] at a time when social interaction with peersis
Inflammatory bowel disease (IBD) and type 1 diabetes (T1D) often central. Ygung adults mayface!ossof other familiar socjal
are both prevalent chronic diseases with significant impact on ~ Siructures at this time such as moving away from the family
health and quality of life [1,2]. Young adults in particular are
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home, starting college, starting a job, and transitioning their
medical careto new providers[4,5].

Social mediaconsistsof arapidly 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 |east
oneform 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 mediais acommonly 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 stigmathan 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 as1BD, but thereislimited 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 adolescentswith 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 otherswith the condition and
will be more inclined to share health information. In contrast,
wewonder if patients with IBD will share less as the condition
islesswell known and has more associated stigma[9].

Methods

Participantsand Data Collection

This cross-sectional pilot study included 108 young adult
patientswho 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 envel ope 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. Oneround of pilot testing was donewith
agroup of 4 patients. Further iterationswere donewith 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 sincediagnosis,

https://pediatrics.,jmir.org/2022/2/e34466
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and self-reported disease severity on ascale 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
Ingtitutional 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 (P;) were obtained from alogistic
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 inthe model. Inverse probability of treatment weights

(IPTW) were calculated as 1/P; for the i observation in the

T1D group, and as 1/(1-P,) for the i observation in the IBD
group. Standardized differenceswere cal culated for each patient

characteristic X as@, where|E =mean of patient characteristic
X and SDq1eq = 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) aswell 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 scal€) 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 comparabl e 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 stetistically
significant. Analysis was performed with SAS (version 9.4;
SAS Ingtitute).
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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 morethan 5 years
ago. Absolute standardized differences were beyond the
negligiblethreshold 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, al 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

Table 1. Peatient characteristics (N=108).

Rajanala et al

(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
vsmedian 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 patientswith 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 patientswith 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).

Characteristics Unweighted Standardized difference
(T1D-IBD)?P
All respondents IBD (n=54) T1D (n=54) Absolute difference  Unweighted Weighted
(N=108) (T1D-BD)
Age (years), mean (SD) 20.3(2.1) 20.6 (2.2) 19.9(1.9) -0.7(2.1) -0.35 0.12
Sex, n (%)
Male 59 (55) 32 (59) 27 (50) -5(8) -0.19 0.08
Female 49 (45) 22 (41) 27 (50) 5(8) 0.19 -0.08
Hispanic or Latino, n (%) 12 (11) 4(7) 8(15) 4(8) 0.24 0.03
WhiteS, n (%) 89 (87) 45 (88) 44 (86) -1(2) -0.05 0.00
Disease severityd, n (%)
1 (mild) 11(11) 10 (19) 1(2 -9(17) -0.57 0.08
2 30 (29) 19 (37) 11(21) -8 (16) -0.33 -0.05
3 46 (45) 15 (29) 31(61) 16 (32) 0.62 0.02
4 12 (12) 7(13) 5 (10) -2(@) -0.12 -0.10
5 (most severe) 4(4) 1(2 3(6) 2(4) 0.20 0.06
Yearssince diagnosed, n (%)
<1 6 (6) 3(6) 3(6) 0(0) Reference Reference
1-2 9(8) 6(11) 3(6) -3(5) -0.20 -0.06
35 25(23) 14 (26) 11 (20) -3(6) -0.13 -0.01
>5 68 (63) 31(57) 37(68) 6(11) 0.23 0.06

8T1D: type 1 diabetes.

bBD: inflammatory bowel disease, including Crohn disease (n=38), ulcerative colitis (n=15), and indeterminate colitis (n=1).
°N=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 (21BD, 3 T1D) declined to answer. Indicator variables were used to assess balance across the groups.
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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-Terpstratest, 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 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.
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How often do you think about your disease?

Almost al 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). Therewas 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 patientswith T1D vs51% of patients
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How often do you discuss your disease with others?

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 experienceswith 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

IMIR Pediatr Parent 2022 | vol. 5 | iss. 2 34466 | p.248
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

reported platformwide usesincluded drugs or therapeutics and
research or clinical trials (Figure 4).

Overall, disease-specific social media activity differed by
platform. Among I nstagram users, patientswith 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

Rajanala et al

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% patientswith 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 al 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.
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Discussion
Overview

Our study explores the social media practices of young adult
patientswith two very different chronic diseases, IBD and T1D.
The use of social mediawas amost 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 thisis
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

Wefound that patientswith T1D were far morelikely 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
diagnosisasit ismore visiblein the community and mainstream
media, and a feeling of socia 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
ispoor and comprehension of thisdiseaseislimited [7]. Patients
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with IBD may thus fear that disclosure would not be met with
understanding and acceptance. Studies have found that
adolescentswith IBD preferred not to reveal their condition and
cited negative reactions as a mgjor factor [13] and those
experiencing stigmahad more health communi cation difficulties.
There isawide 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 patientswith connectivetissue 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 aso thought about their disease more often
than patientswith IBD, with amajority of participants choosing
“multiple times a day,” whereas patients with IBD most often
reported “daily” or “weekly.” Thisisunderstandable 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 mediaisless commonly used for information gathering
than internet sites. Patients with T1D aways reported more
information gathering than those patients with IBD, athough
the exact percent varied by platform. Thisdiscrepancy isechoed
intheliterature. One study of the adol escent diabetes population
suggested growing interest in using social media to find
information [18]. In contrast, astudy 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 isused 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 asthe platformsincluded in the term
social media keep shifting. Facebook is one sociad media
platform that has been popular for support groups, particularly
for those with rare or embarrassing conditions. The use of
private groups on Facebook hel ps 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 otherswho 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 postul ated that the embarrassment of frequent
bathroom trips or diarrhea might lead to perceived stigma and
socia withdrawal [12]. One program used | nstagram to augment
thesocial supportsfor adolescentswith T1D to avoid the barriers
of travel and time required to attend in person [20]. Online
diabetes communities have been shown to beimportant 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 adultsin
both groups engage with social media in a variety of ways.
These platforms can still be an important tool for understanding
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how young adultsfeel about and copewith their chronic disease,
and may also represent an avenue for providersto interact with
their patients.

There are some limitations to this study. Thisis 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 platformstypically 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,” aportmanteau 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 diverseillnesses.

Conclusion

Overadll, 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 stigmaaround 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 amost al realms across various socia 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 awide array of chronic conditions.
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Abstract

Background: Digital technology and social media use are common among young people in Australiaand worldwide. Research
suggeststhat young peopl e have both positive and negative experiences online, but we know little about the experiences of Muslim
communities.

Objective: This study aimsto 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 mediaas a space where they could establish their identity
and feel asense of belonging. However, participants were al so at risk of being exposed to discrimination and unrealistic standards
of beauty and success. Although parents and young people shared some similar concerns, therewasalargedigital dividein online
experiences. Both groups implemented strategies to reduce socia 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: Programsthat addresstechnol ogy-related harms must acknowledge the benefits of social mediafor 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):€36858) doi:10.2196/36858
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Introduction

Digital technology and social media have changed how people
interact and build social connections [1]. Socia media sites,
such asInstagram, 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 socia 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 socia 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 concernswere predominantly from parents
and older community members; however, it was unclear whether
concernsreflected the experiences of young peoplefrom Muslim
backgrounds. To develop recommendations, programs, and
policiesthat are relevant for families, it is essential to listen to
both young people and parents from Muslim backgrounds and
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promotetheir voices and experiences[30,31]. In thisexploratory
study, we am 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
inculturally and linguistically diverse communities. The Burnet
Ingtitute is a not-for-profit medical research organization with
experience in exploring social media use of young people. La
Trobe University hasresearch programs exploring diverse public
health issues. Each partner brought unique skillsetsto the studly,
including community connections, cultural knowledge, and
youth-friendly research skills.

Study Design and Development

Green Crescent Australiaapproached the researchersto devel op
astudy exploring technology dependence among young Mudlims
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 mediain 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
thefocus groups at venuesfamiliar 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 participantsto contributeto the discussion.
Parents were dligible 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 teenagersand
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 mosgues and
community-based venuesin 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 arelative 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 mediasites, 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’slives?’ After the first 2 focus groups, the researcher
adapted the focus group guide to include additional prompts
about strategiesto 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
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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
guestion, there was some overlap between ideas. Consequently,
the first author placed all codes into a mind map, reviewed the
transcripts, and rearranged the datainto 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
asMuslim. 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 bornin
Australia(n=28, 85%), whereas most of the parent participants
were male (=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
Musdlims and parents.
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Maintaining Global and L ocal 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 socia mediaacted asaspace for devel oping and
maintaining social connectionsin Australiaand across national
boundaries. Young people described how their online
interactions were typically extensions of their friendshipsfrom
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 mediaand group messaging platformswere 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
friendsand family increased social security for young maleand
female participants. Although thiswas 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 accessto technology istied 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 aphone 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. Thistopic did not come up during male
focus group discussions.

My phone...if | pressthetrigger lotsof times, it sends

an S0S. So, it will send my location to specific people

that | want to send it through. So, | have it on for my

cousins and my close friends. [Young female,

in-person focus group 1]
Onlinefocusgroups held during the Mel bournelockdown period
drew attention to theisolation that people experienced. Although
participants used social mediato connect with friendsand 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 memberstypically gather for prayer and sharefood,
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
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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 phonesto 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 accessto technology and social mediabecame
essential for both young people and parents to socially connect
with the outside world; however, some parents felt that
technology wasinsufficient to generate the sense of community
they felt when they attended mosque.

A Paradoxical Space: |dentity, 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, alowed 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 accountsthat they considered positive, they felt asense
of creativity, inspiration and belonging.

| 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 | feel like |
know all of themand | feel comfortablewith them, so
it's having that support from them. [Young female,
online focus group 6]

| definitely do try and follow more pages of people
that look like me and have the same interests as me.
| follow pages that are, like, pro-African, pro-Black,
like, pro-1dlam, [ because] that's[the] kind of thething
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 mediawas seen as moreinclusive
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 seg, 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 hasthe potential to perpetuate
discrimination, exclusion, and unredlistic 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 inreal 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 unredistic 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]

| think it's creating a ot of anxiety, too. My daughter
recently went off TikTok because she said, “ Everyone
on there is so beautiful. They make me feel ugly”
WA, | said, you know, that’s probably a good time
to get off it. [Father, in-person focus group 3]
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Although parents believed these online pressures were worse
for young females, the young male participants also described
seeing unrealistic standards of successthat made them question
their own goals and achievements. Although young male
participants recognized that social media showed only the best
parts of people'slives, 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 mediaall thetime, 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
arisk 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 di stincti ons 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, parentsfocused 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 inthe“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, | feel that they're missing out on,
like, actually life, like doing things, seeing things, and
they have nointerests, like, my kids, like, even holiday
destinations...it'slike, “ Oh, but don't you wanna see
thisand 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 onlinelearning, exploring interests, and consuming
newswere productive forms of technology usefor young people,
they could not personally relate to social media being a place
for identity and belonging.

When | was in high school, | was really depressed,

and | had Tumblr. And for me, that was my way of,

like, you share posts and quotes. And | remember my

parents were, like, to me, “ You can’t use Tumblr

anymore” And, | was so upset, | was, like, you don’t

understand how | 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 socia media in these nonproductive ways,
however, this was perceived as far more common among their
children.

| was getting really agitated when | couldn’t check
it. 1 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 Shapchat,
I'll be back on Instagram. And I'll be, like, Oh, | just
got out of it. So, | 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, | know myself,
I'm on Insta so much, the time | waste on that | could
be doing a lot! [Mother, focus group 2]

Both young people and parents agreed that reducing technology
usewas extremely difficult. Parentsfelt a sense of responsibility
to protect their children from online harms and spending
excessive amounts of timeonline. Often, their attemptsto reduce
technology use were punitive, for example, confiscating phones
as punishment or turning off the Wi-Fi to enforce family time.
Some parentsfelt compelled to monitor what their children were
doing online by checking their personal profilesto 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 hidetheir history. At the end of the focus groups, parents
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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 morelike you've gotta
beinvolved 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 thistechnol ogy-freetime, young peoplewould
generaly create physical distance from their phone so they did
not feel obliged to check it. For young people, it wasimportant
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...l realize that if my phone is in the
roomwhile I’m praying, as soon as | hear it ringing,
| want to look at my phone. | make the effort to take
timewhilel’mpraying.. whereasif it'snot 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
areingrained into the routines and socia worlds of young people
and parents from Muslim backgrounds. Our results demonstrate
that parentsand 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-19lockdown 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 Muslimsto
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 al so described socia
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 socia 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 peopl€e'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 suggeststhereisalargedividein parents' and young
peopl €’ s online experiences. Parents believe that their children’s
preference for technol ogy-based leisureisinferior to the leisure
activities they valued during their childhood and adol escence.
These results are similar to studies with non-Muslim young
people and parents that have reported that intergenerational
differencesin technology use can create family tension [1,37].
Some parents attempted to monitor their children's use;
however, their limited digital literacy madeit 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 environmentswhile al so 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 adolescentsis difficult; resultsfrom acluster-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].
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Although reducing screen time was difficult, our participants
valued having short technology breaks when they had agoal or
activity where they wanted to feel present. Key activities that
facilitated these breaks included prayer times and activities
shared with family and friendswherethey 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 thetimethat 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 socia
connections, as they were no longer able to attend the mosque
during the lockdown. Qualitative research in the United
Kingdom highlighted that although mosgue closures were an
important public health measure to reduce the spread of
COVID-19, many Muslim community memberslost their usual
channels of communication [46]. Social mediais 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.

Strengthsand 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
parentswho were socially isolated and those who did not attend
the mosque. Most of the young participants were born in
Australiaand identified asfemale. 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-19lockdown in Melbourne, which may have been more
convenient to attend than the mothers' focus group, which
occurred in person prepandemic.

Our ahility to adapt the mode of data collection was a strength
of our research and enabled us to explore socia 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
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the Muslim community, incorporate feedback, and increase the
study’s cultural appropriateness by holding focusgroupsat 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
Austraiato share with their community.

Conclusion

Douglass et d

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.

This study provided insight into digital technology and social
media use from the perspective of young people and parents
from Mudim backgrounds. Programs that aim to address
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Abstract

Inanincreasingly connected world and in the midst of aglobal 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 thereis limited evidence to inform the design and conduct of digital trials. Our research
collaborative, consisting of 5 research teamsinthe U.S. and Australia, aimed to address this gap. We collaborated to share lessons
learned from our experiences recruiting and retaining pregnant and postpartum individualsin 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 trias 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 adiversity 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.

(IMIR Pediatr Parent 2022;5(2):€35320) doi:10.2196/35320
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Introduction

Background

Although they have numerous benefits, digital trids are
underutilized in maternal and child health research. Digital
trials, sometimes referred to as internet, virtual, siteless, or
decentralized trials, leverage technol ogy 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, digita trials are increasingly being used for clinical
research, including drug trialsand 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 trialsinclude high attrition rates and the inability
to reach research subjects with low digital literacy. Further,
although methods have been devel oped for digital trials of drugs
and devices [3], thereis far less evidence to inform the design

https://pediatrics.,jmir.org/2022/2/€35320
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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 participantsusing multipledigital 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 lessonslearned 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 beincorporated into aswell
asformally evaluated in future studies.
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Table 1. Description of studiesin the research collaborative.
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Nameof study, Studysta Sample  Completed stud- Ongoing studies: Study topic Lengthof follow- Digital/social me- Reten-
principd investi- tusasof size,n ies: minoritized  recruited and mi- up for longitudi- diaplatformused tion, %
gator(s) Septem- demographics, % noritized demo- nal studies for recruitment
ber 2021 graphics as of
January 1, 2022,
n (%)
Preventionof ~ Ongoing Goa of /A2 Total: 280 Survey of preg-  N/A Ovia N/A
Perinatal De- 300 Black: 27 (9.69); nant adult wom-
pression, Dr Asan/Pacificls €néd risk for
Felder lander: 26 (9.34); depression to
multiracial: 14~ evaluatethe ex-
(4.84); other: 2 tenttowhich.
(0.69); Lat- they areidenti-
inx/Hispanic; 35 fiedandre-
(12.46) fem_ad f_or pre-
ventiveinterven-
tion
RESTP study, Complet- 208 Black, Asian/Pa= N/A Evaluation of Enrolled upto28 Facebook, flyers, 89
Dr Felder ed cific Islander, digital CBTCfor Weeks gestation,  Research Match,
multiracial, other: insomnia followed until 6 word of mouth,
33.75; Latinx/His- among pregnant  Months postpar-  University of
panic: 7.25; low women tum California San
income (<US Francisco
$10,000/year): (UCSF) electron-
32.2 ic health record
messagesand pa-
tient letters
Beating the Ongoing Goal of N/A Total: 63 Evaluation of Mothersand chil- Ovia, Facebook, To be de-
Blues before 230 Australia: 42 an antenatal de-  dren followed up  Parent Infant Re-  cided
Birth, Drs Mil- (66.67); New pressiontreat-  to 24 months search Institute  (TBD)
grom, Sk- Zealand & Ocea- Ment (CBT) on  posthirth, addi- ~ Website
outeris, Galbal- nia 4 (6.35); Eu- child neurode-  tional follow-ups
ly, East, and rope: 7 (11.12); velopment. conducted at 10-
Glover (Aus- Africa 2 (3.17); week postrandom+-
tralia) Asia 2 (9.52); ization, 3 months
North America: 2 and 12 months
(3.17) postbirth
Sunnyside, Drs  Complet- 210 Black: 3.33; mul- N/A Evaluationof ~ Participantsre-  Ovia, university 72
Duffecy and ed tiracial: 8.57; digital interven- cruited at 20-28  email list (Univer-
O'Hara Asian: 2.86; Na- tionto prevent  weekspregnant, sity of Illinois
tive Hawaiian/Pa- postpartum de- remainedinthe  Chicago (UIC)
cific Islander: pression trial until 12 and U of lowa),
0.95; Hispan- weeks postpar- Research Match
ic/Latinx: 11.90 tum
Sunnysidet, Complet- 22 Black: 100; Lat- N/A Evaluation of Participantsre-  Ovia 73
Drs Duffecy ed inx/Hispanic: 0.5; digital interven-  cruited at 20-28
and Pezley low income (<US tionto prevent  weeks pregnant,
$51,000/year): postpartum de-  remained in the
54.5 pression and trial until 12
improve breast  weeks postpar-
feeding out- tum
comesin Black
women
Sunnysidefor  Ongoing Goal of  N/A Total: 48 6-week digital 6 weeks Ovig, UICclinic TBD
prevention and 90 Black: 3 (6.4); intervention to recruitment
treatment, Drs Asian: 2 (4.1); prevent postpar-
Duffecy and Native American:  tum depression
Maki

2(4.1); White: 36
(75); Latinx/His-
panic: 5 (10.4)
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Nameof study, Studysta- Sample  Completed stud- Ongoing studies.  Study topic Lengthof follow- Digital/social me-  Reten-
principd investi- tusasof size,n ies: minoritized  recruited and mi- up for longitudi- diaplatformused tion, %
gator(s) Septem- demographics, % noritized demo- nal studies for recruitment
ber 2021 graphics as of
January 1, 2022,
n (%)
TdeMILCY, Ongoing Goa of  N/A Total: 422 Evaluationof a Participantsre-  Ovia TBD
Dr Uscher- 2400 Black: 37 (8.77); breastfeeding  cruited in their
Pines Latinx/Hispanic; SUPPOrt app third trimester of
72 (17.1); other pregnancy, re-
minoritized race: mained in trial
40 (9.48) until infant 6
months old
EPICE Survey, Ongoing Goal of N/A Total: 106 Association be- Wave 1 data at Ovia, Facebook  TBD
Dr McCabe 150 Black: 13 tween prenatal  third trimester,
(12.26); Native stressorsduring wave 2 data at 6
American: 2 COVID-19and weeks postpar-
(1.89); Asian/Pa- subsequent tum, wave 3 data
cificldander- 9  child develop-  at 16 weeks post-
(8.5); multiracial: ment partum
6 (5.66); Lat-
inx/Hispanic: 12
(11.3)
Birth and Post- Complet- 388 Asan/Pecificlss  N/A Experienceof ~ N/A Ovia N/A
partum Care ed lander: 3.2; giving birthand
During Black: 7.1; postpartum care
COVID-19, Dr mixed: 3.8; Lat- during the first
Breman inx/Hispanic: wave of the
11.6; low income COVID-19 pan-
(<USs demic
$50,000/year): 16
Shared Deci- Complet- 1173 Asan/Pecificlss  N/A Assessment of  N/A Ovia, Pecify, N/A
sion-Making ed lander: 6; Black: shared decision Facebook/Insta-
During Hospital 10.4; mixed: 5.4; making during gram, YouTube
Birth, Dr Bre- Latinx/Hispanic: hospital birthin
man 13; low income theU.S.
(<Us
$50,000/year): 26
BetterLife, Drs Complet- 158 Black: 10.76; Na Assessment of  N/A Ovia N/A
Vignato and ed tive American: the relationship
Segre 1.27; Latinx/His- between low
panic: 13.29; back and pelvic
Asian/Pcific Is- pain, depression
lander: 1.90; oth- symptoms, and
er/2 or more quality of lifein
races: 3.80; low pregnant wom-
income (Medi- enintheir third
caid eligible): trimester
32.28
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Nameof study, Studysta- Sample  Completed stud- Ongoing studies.  Study topic Lengthof follow- Digital/social me-  Reten-
principd investi- tusasof size,n ies: minoritized  recruited and mi- up for longitudi- diaplatformused tion, %
gator(s) Septem- demographics, % noritized demo- nal studies for recruitment
ber 2021 graphics as of
January 1, 2022,
n (%)
Listening Visits Ongoing 29 N/A Total: 4; no Evaluation of Participantsre-  Ovia TBD
for Nicuf racially or ethni- listening visits  cruited while
mothers, Dr cally minoritized deliveredvia  their newborns
Segre participants Zoomby NICU are hospitalized
nurses to emo-
tionaly dis-
tressed mothers
of hospitalized
newborns

8N/A: not applicable.

PREST: Research on Expecting Moms and Sleep Therapy.

CCBT: cognitive behavioral therapy.

HTele-MILC: Telehealth to Increase Mothers' Lactation Confidence.
®EPIC: Experiences of Pregnancy and Isolation during COV1D-19.
NICU: neonatal intensive care unit.

The Promise of Digital Trialsfor 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]. Participantsin traditional trials must belocated 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]. Traditiona 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 underrepresentedin clinical trials[11,12].

With regard to costs, digita trials are aso 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].

https://pediatrics.,jmir.org/2022/2/€35320

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 isonethat isrife 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 sciencein 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 reveal ed 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[10Q]. Shortly thereafter, areview by Clinica Trials.gov
revealed that patient interactions in ongoing trials, including
some focused on pregnant and postpartum popul ations, began
to predominantly occur remotely [22]. This shift to digital
engagement is expected to persist. Most clinica trial
investigators expect a threefold increase in digital patient
interactions 6 months postpandemic [22,23].

Digital Trialsand Tribulations

Digital trials of social and behaviora interventions, while
innovative, also face unique challenges. First, akey concernis
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 longitudina 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 akey ingredient
for retention. Lastly, although privacy has been noted to be a
strength of digital trials, it can also be a limitation. Although
digital trialsallow acertain level of anonymity, trialsthat occur
in a participant’s home over the internet may face challenges
with data security. In sum, securing participant dataand ensuring
privacy are challenges, and researchers must continueto develop
methods to monitor and evaluate data from health technol ogies
[24].

Key Challenges and Useful Strategies

Background

Inthe past 5 years, our research teams have launched numerous
digitd trialsaswell asmodified existing traditional trialsamong
pregnant and postpartum individualsto incorporate digital trial
elements. We have used several socia 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 al 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. Oviais 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 Oviastaff, 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 challengesin designing and
executing our digital trials, we found 3 areas to be particularly
daunting: rapid recruitment of large, diverse samples; retention;
and fraudulent enrolIment 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

Acrossall the social mediaplatforms and apps, our studieswere
typically featured in apaid 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,

https://pediatrics.,jmir.org/2022/2/€35320

Parks et al

completed an informed consent process, and were enrolled. In
thisrecruitment 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 possibleto 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 thisnew palicy,
researchers in our collaborative were unable to use ads to
directly oversample minoritized groups. To overcome this
constraint, the Research on Expecting Momsand Sleep Therapy
(REST) study, a longitudinal study that examined the
effectiveness of digital cognitive behaviora therapy (CBT) for
insomniafor pregnant women, used the Facebook audience tool
to advertise to certain zip codes that have a high proportion of
Black and Latinx populations.

Further, evenin caseswhere aplatform’suser baseisnationally
representative and ads go out to users of all racesand 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 barriersthat minoritized and marginalized groupsface
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 platformsto advertise, there are other waysto 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 arecruitment 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 racialy or
ethnically minoritized pregnant people and explicitly state
in the materials that the research team is recruiting
minorized populations. Thisstrategy 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 modificationsto the materias
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 materialsfit 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
Ingtitutes of Health (NIH)-funded trial to assessthe impact
of abreastfeeding app, utilizesthis 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 servicesto support
enrollment of underrepresented populations. The program
will collaborate with community members, who will provide
feedback on recruitment materials. They will then offer
consulting servicesto ensure materialsarein plain language.

Sustaining Interest Through the I nformed 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 atrial 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 individual s (18% of those who were deemed
eligible to enrall 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 along and legalistic
informed consent form typically used for faceto-face
recruitment. Although our teams seldom received direct, formal
feedback from participantsinitially, several teamsthat changed
their consent processes to be more streamlined saw immediate
results.

Our teams implemented several strategies to improve the
eConsent experiencefor 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 participantsrevised 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 emajis, 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
participantsin person.
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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 isinformal 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 atechnology company’sterms of service, given many
users are accustomed to signing these without reading them.
Because many guidelines and templated consent documentsare
based on traditional in-person trials, research teams may need
towork with and educate their IRBs about adaptationsfor 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 rateswould pose athreat to validity.
Asprevioudly stated, attrition isawell-documented problemin
digital trias, 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
digita triasacross our study teams had above-average retention
rates [31,32].

Our study teamsimplemented 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 fedlings and ambivalence
about theintervention and the different groups partici pants 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 alongitudinal digital intervention using CBT to prevent the
development of postpartum depression, an initial engagement
call was completed to introduce participantsto 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 giftsto
participants to demonstrate the importance and value of the
participants’ information and participation. For example, inthe
Experiences of Pregnancy and Isolation during COVID-19
(EPIC) Survey, the research team mailed baby wipesaong with
a letter to congratulate participants on the birth of their baby.
The Tele-MIL C 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 afew strategiesto create
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a community feeling. First, they gave a group name to their
participants so that amore 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 mediafor recruitment, and
can introduce threats to dataintegrity and sample validity [36].
Fraudulent enrollment can occur in several ways. First, indligible
individuals can misrepresent themselves as dligible. 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 onceto obtain
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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 platformsthat target
pregnant and postpartum people, isthat 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
devel oped methodsto 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 Oviaapp. 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.

Strategy

Description

Recruitment

Expand beyond paid ads.

Run targeted ads.

Develop culturally concordant materials.

Improve the eConsent? process.

Utilize expertsfrom other disciplines (eg, marketing).

Retention

Collect secondary contacts.

Send birthday congratulations.

Send monthly newsl etters.

Share positive quotes.

Send reminders.

Provide escalating incentives.

Utilize games/contests.

Send gifts.

Develop avideo from the study team.

Create opportunities for networking/interaction.

Fraudulent enrolment

Utilize social mediainfluencersto promote your study. Join groups that are dedicated
to your population (eg, Black Mamas Matter) and ask permission to promote the study.

Create adsthat featureimages 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.

Utilize university or external programs that have services to support enrollment of
underrepresented popul ations 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 arelationship. Understand their needs and wants in advance
and reflect on your positionality and privilege as a researcher before undertaking the
research study.

Condense the consent processinto 1 step.

Edit the consent form to include more visual elementsand 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 IRBP to amend the requirements on length and detail.

Hire marketing strategists or other communications experts to review and edit your
study materials, particularly consent and assent documents, to ensurethey aredigestible
and inviting

Collect afriend or relative’s contact information in case the research team loses touch
with the participant.

Email or mail birthday cards and other postcards for important milestones.

Send participants a monthly newsletter that contains descriptions or interviews with
amember of the research team and other helpful resources related to the study topic
(eg, ideas for self-care, fun facts about pregnancy).

Ask participants to share quotes about their experiences in the study to share widely
with other participants.

Utilize an automated service to send reminders to participants about their upcoming
assessments or have aresearch team member text, call, or email personalized reminders.

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.

Create contests wherein participants can be compensated or entered into araffleto
win agift card or other incentive. Contests such as “best caption for ameme or gif”
and solving riddles have been engaging.

Send participants items (eg, coffee mugs, pens, notebooks, baby wipe case, hand
sanitizer) with the study name or logo on it.

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 a visual map of participants’ locations.
Create asocial mediapage where study participants can interact; host virtual meetings
for participants to facilitate interactions among them.
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Strategy Description

Check internet protocol (IP) addressesor latitudeand

longitude.

Add reCAPTCHA (Google).

Require face-to-face meetings or emailing back and
forth.

Only dispense incentives after eligibility is con-
firmed.

Include honeypot questions.

Perform consistency checks.

Include insider questions.

Include time stamps/time to complete survey.

Create a duplicate email flag.

Control survey navigation.

Review | P 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.

Add reCAPTCHA, atool that uses advanced risk analysis techniques, to distinguish
between humans and bots.

Reguirethat potential participants engage with the study team (either in asynchronous
meeting or via asynchronous communication) prior to dispensing incentives.

Do not automatically dispense incentives, ensure fraudulent enrollment monitoring
iscompleted before participants are official enrolled in order to keep botsand ineligible
participants from depleting your incentives.

Include a survey question that is invisible to humans but visible to bots. If it isan-
swered, this suggests bot activity.

Include 2 or more survey questions that ask the same question in different ways (eg,
age and date of birth); check for consistent responses.

Include a question that only an eligible participant islikely to answer correctly/know
the answer. A common example isto ask members of the military a question about
their rank.

Include time stamps and review how long it takes for a participant to complete asurvey.
For example, flag if the participant completes along survey in less than 5 minutes.

Flag if the same email is entered in the enrollment records of multiple participants.

Do not enable aback button in screening surveys. Including aback button may enable
participants to change prior answers to meet eligibility criteria.

3Consent; electronic consent.
bIRB: ingtitutional review board.

Conclusions

recommendationsfor researchersaswell asreviewersof digital
trial protocols. Although the strategies we presented in this

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
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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 viadepartment listserv email. Qualitative datawere 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 samplefell 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. Challengesincluded 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, idealy 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 beimproved with patient education and targeting sel ect populations. Future research is needed to improve practice
efficiency and to inform regulatory guidelines for web-based care.

(JMIR Pediatr Parent 2022;5(2):€34115) 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 technol ogies,
with the aim of facilitating or maximizing the quality and
effectiveness of patient care [1]. Though Canadian physicians
have been using technologiesfor delivery of web-based care as
early asthe 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 subspeciaties
[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]. Despiteinitial positive feedback,
the sudden rush to web-based systems carried the risk of
diminishing quality of clinical care[7]. At thetime 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 theintention of implementing
web-based careclinical 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 surgeonsthrough their responses. In thissurvey,
web-based care was defined asany 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” refersto assessment
of hedth care settings, quaifications 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-interpersona 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
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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 Headth Sciences Centre
(LHSC)—ffiliated 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

Thisstudy took placeat LHSC, achildren’shospital in London,
Ontario, Canada, which provides pediatric carefor patientsfrom
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 viaemail in September 2020
toall LHSC-affiliated pediatric physicians and surgeonswithin
the department’s listserv email database. The Department of
Paediatrics email listserv comprises 121 staff physicians,
including generalists, subspecialists, pediatric surgeons, aswell
asacademic and community physicians. A follow-up email was
sent through the same listserv 2, 4, and 6 weeks after theinitial
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 statisticsfor numerical datawere
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. Thisis 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.
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Characteristics

Values, n (%)

Primary practice location
Academic Children’s Hospital
Community Hospital
Community Clinic
Other

Practicetype
Generdl
Subspecialist

Yearsin practice

56 (88.9)
0(0)
5(7.9)
2(32)

10 (15.9)
53 (84.1)

17 (27.0)
9(14.3)

20 (31.7)
17 (27.0)

Adoption of Web-Based Care During the COVID-19
Pandemic

While the magjority 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
patientsdigitally. By summer (May-September 2020) web-based
care use declined, with the majority of physicians seeing less

https://pediatrics,jmir.org/2022/2/e34115

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 platformsideally used in the future.
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Table 2. Web-based care practice patterns.

Characteristics Values, n (%)

Prior web-based care experience

Yes 19 (30.2)
No 44 (69.8)
Adopted web-based care during pandemic
Yes 59 (93.7)
No 4(6.3)
Per centage of practice via web-based care (March-May 2020)
Closed practice 1(1.6)
0% 4(6.3)
1%-10% 8(12.7)
11%-25% 6(9.5)
26%-50% 3(4.8)
51%-75% 6(9.5)
75%-100% 28 (44.4)
No response 6(9.5)
Per centage of practice via web-based care (June-September 2020)
Closed practice 0(0)
0% 2(32)
1%-10% 15 (23.8)
11%-25% 15 (23.8)
26%-50% 8(12.7)
51%-75% 12 (19.0)
75%-100% 4(6.3)
No response 6(9.5)
https://pediatricsjmir.org/2022/2/€34115 JMIR Pediatr Parent 2022 | vol. 5 | iss. 2 [e34115 | p.279
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Table 3. Physician platform use.
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Characteristics

Values, n (%)

Platforms used to provide care (Mar ch-September 2020)
Synchronous
Doxy
Cisco Webex

Zoom

OTN?

Facetime

Telephone

Microsoft Teams
Asynchronous

Secure messaging

Email

No response

Anticipated platform use (September 2020 onwar d)

Synchronous

Doxy

Cisco Webex

Zoom

OTN

Facetime

Telephone

Microsoft Teams
Asynchronous

Secure messaging

Email

No response

4(6.3)

17 (27.0)
16 (25.4)
35 (55.6)

7(11.1)
41 (65.1)
1(1.0)

3(4.8)
18 (28.6)
10 (15.9)

4(7.4)
12 (22.2)
10 (18.5)
39 (72.2)
1(1.9)
34 (63.0)
2(1.0)

3(3.7)
18 (33.3)
9(14.3)

30TN: 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 alack of respect of the web-based
encounter, citing examples of patients answering digital calls

https://pediatrics,jmir.org/2022/2/e34115

RenderX

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.

Question Strongly agree, Somewhat Neither agreenor Somewhat dis-  Strongly dis-  No response,
n (%) agree, n (%) disagree, n (%)  agree, n (%) agree, n (%)  n (%)

Virtual care does not work well formy — 4(7.7) 16 (30.8) 11(21.2) 12 (23.1) 9(17.3) 11(17.4)

patient population.

Technical difficultiesare achallengefor 3 (5.8) 19 (36.5) 14 (26.9) 14 (26.9) 2(3.8) 11(17.4)

mein my virtua practice.

| am compensated adequately for thevir- 7 (13.5) 12 (23.1) 14 (26.9) 7(135) 12 (23.1) 11(17.4)

tual carel provide.

| seeahigher volume of patientsvirtualy. 4 (7.7) 6 (11.5) 10(19.2) 15 (28.8) 17 (32.7) 11(17.4)

| find it difficult to use virtual careplat- 1 (1.9) 9(17.0) 13 (24.5) 13 (24.5) 17 (32.1) 10 (15.9)

forms.

Virtual careis convenient for me. 13 (24.5) 26 (49.1) 5(9.4) 6(11.3) 17 (5.7) 10 (15.9)

Patientsfind it difficult to use virtual care 4 (7.7) 15 (28.8) 15 (28.8) 15 (28.8) 3(5.8) 11(17.5)

platforms.

My patients are safer asaresult of virtual 8 (15.4) 16 (30.8) 20(38.5) 6 (11.5) 2(3.8) 11 (17.5)

care.

Technical difficultiesareachalengefor 9 (17.3) 23(44.2) 11(21.2) 7(135) 2(3.8) 11(17.5)

my patients.

Patients are satisfied with thetransitionto 12 (23.1) 32(61.5) 6 (11.5) 2(3.8) 0(0) 11(17.5)

virtual care.

Petients are compliant with virtual care 4 (7.7) 31 (59.6) 10(19.2) 7(13.5) 0(0) 11 (17.5)

visits.

Virtual careisconvenient for my patients. 19 (36.5) 30 (57.7) 3(5.8) 0(0) 0(0) 11 (17.5)

Figure 1. Costs associated with the transition to web-based care.

Mo cut-of-pocket
COS1S

Home office setup

Hardware costs

Software costs

Facilitator s 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.
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Regardless of practice location, specidlty, yearsin 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 mgjority of respondents would
ideally see less than half of their patients digitally moving
forward and identified patientswho live far away and follow-ups
or established diagnoses asideal populationsto serve digitally.
Patient satisfaction, improved technology, and provincia or
national policies are top motivating factors for continued
web-based care use.
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Table5. Provider opinions on web-based care use from September 2020 onward.

Characteristics

Values, n (%)

Plansto continueto provide web-based care
Yes
No
No response
Ideal percentage of future web-based patient interactions
0%
1%-10%
11%-25%
26%-50%
51%-75%
75%-100%
No response
Patients best served virtually
Nonacute
New consults
Follow-ups or established diagnosis
Patients who live far away
Immunocompromised patients
Patient preference
No response
Motivating factorsfor continued web-based care integration
Department-wide policy
Financial incentive
Patient satisfaction
Better technology
Other (please specify)
Provincia or national policy
LHSC? endorsement of a specific platform
Training sessions for how to optimize web-based care
Ability to incorporate trainees into web-based care

No response

54 (96.4)
2(3.6)
7(11.2)

3(5.4)
17 (30.4)
20(35.7)
12 (21.4)
3(5.4)
1(1.8)
7(11.1)

21 (51.2)
9(22.0)

30(73.2)
37(90.2)
21 (51.2)
22 (53.7)
22(34.9)

23 (42.6)
29 (53.7)
36 (66.7)
33(61.1)
9(16.7)

32 (59.3)
14 (25.9)

11 (20.4)

28 (51.9)
9(14.3)

3_HSC: 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 attitudestoward 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 digitaly. Interestingly,
months later, in the summer of 2020, practice patterns changed

https://pediatrics,jmir.org/2022/2/e34115

RenderX

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 enthusi asti c 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 thefuture, buy-in for web-based care was high, with
almost all survey respondents willing to continue to provide
web-based carein thefuture, 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
thefirst 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 visitswerethe
primary method of contact during thefirst 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 areless convenient
for providerswhen compared to asynchronous messaging, which
allowstimeto review patient cases and respond when available
[10,11]. In our study, asynchronous messaging represented a
smaller proportion of web-based care visits, perhapsdueto lack
of familiarity, lack of department endorsement of these
platforms, and perhaps poorer financia incentives. However,
asynchronous delivery of care does offer the potential to reduce
issuesidentified 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
availahility, technological literacy, and patient engagement are
concerns. These barriers may be experienced by additional
patient groups, such as newcomers, patients experiencing
poverty and homel essness, and those with physical or intellectua
disahilities.

Issues with web-based care etiquette were not unique to our
center, asevidenced by arecent 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 eval uation necessary
to create a thorough assessment and treatment plan would be
extremely difficult. While there is a wedth of patient

McCrady et al

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 theliterature[6,15,16], further research is needed
to explore the impact of patient education. Based on survey
responses and lack of available dataon 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
unableto validate true percentages of web-based care used, and
recall bias may have influenced responses to these questions.
AsCOVID-19 continuesto 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 aweb-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 IMIR Pediatrics and Parenting [1] for exploring
the attitudes toward social media and the capacity in which it
can serveto enhance health care delivery for patientswith 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 socia media may play arole 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. Asthe COVID-19 pandemic hasforced 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 a so exposed the uncapped danger
that social media posesin the form of medical misinformation.

https://pediatrics,jmir.org/2022/2/e33457

One aspect that this article could have considered is the
prevalence of medical misinformation and how this may limit
therole of socia mediain aiding health care servicesfor patients
with CF.

The spread of false medical information has become a public
health crisisin 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 potentia to severely impact
apatient’s quality of life and risk of mortality [3]. Vosoughi et
a [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 amuch younger demographic, it should be considered
whether these patients are more vulnerable to misinformation.
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If we, as health care professional s, advocate social mediato 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

Thumber & Bhandari

research must be conducted to ensure how we can, practically
and safely, implement social mediaguidelinesfor these patients,
to empower adolescents and young adults with CF and provide
them with a safe space to access information related to their
condition.

evaluate the validity of such sources? Moving forward, further
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We would like to thank the authors for their thoughtful
commentson our study [1]. The COVID-19 pandemic hasforced
us to consider the incorporation of alternative models of care
delivery. Asnoted in our study [2], social mediaisamodel with
potential to address compliance, social support, reduceisolation,
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 potentia 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 respondentsrarely or never checked the accuracy of medical
information, suggesting a potentia 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 wasimportant 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

https://pediatrics.,jmir.org/2022/2/€39450

surrounding misinformation although additional explorationis
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 isalso very important. Although this popul ation
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
consumersfrom 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 suggestionsfor combating
medical information have been previously proposed [10,11], it
will be important as a medica community to develop
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frameworks for addressing misinformation.  Further in the future.
investigations are needed to better characterize such activities
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Abstract

Background: Any delaysinlanguage development may affect learning, profoundly influencing personal, social, and professional
trajectories. The effectiveness of the Sign 4 Big Feelings ($4BF) intervention was investigated by measuring changes in early
years outcomes (EY Os) 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 SABF intervention period and whether there are differences between boys and girlsin progress
achieved.

Methods: An evaluation of the SABF 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 negligiblein all analyses.
Conclusions:  Children of all abilities may benefit considerably from SABF, 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/| SRCTN42025531

(JMIR Pediatr Parent 2022;5(2):€25086) doi:10.2196/25086

KEYWORDS
language devel opment; sign language; early years outcomes; well-being

: and social difficulties[2], especially in the context of increasing
Introduction concern about children’s mental health and well-being [3,4].
Background Gesturing has been proposed as a therapeutic communication

tool to help children express emotions and construct an

Any delays in language development may affect speech and nqergtanding of their own internal states[5).

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 socia well-being, educational
attainment and employment, and the avoidance of behavioral

https://pediatrics.,jmir.org/2022/2/e25086

Goodman et al [6] linked social, emotional, and cognitive skills
recorded in the British Cohort Study from children bornin 1970
aged 10 yearswith their experiences 32 yearslater. Developing
a good range of cognitive, socia, 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 aswell 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 L anguage and
Gesturing in Children

Research on the benefits of sign language for hearing children
spans arange of ages. Géngoraand 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 asyoung as 12 monthswere reported to be able
to comprehend communicative i ntentions 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. Thisisalso 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 vocabul aries 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 longitudina 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
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coordinating their vision and hearing with physical interactions.
In the preoperationa 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 thereisagreat 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 a [24] reported that
symbolic gesturing does not hamper verbal development and
may encourage it.

Sign 4 Program, Luton, United Kingdom

Lutonisalargetown 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 agreater
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 Genera 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 isestimated 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 pupilswith English asan additional language
(EAL) now outnumbers English-speaking pupils[28]. To meset
these challenges, L uton Borough Council (LBC) formulated an
early help strategy to support stakeholdersin acoordinated 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 ($4BF) isone
of many interventions funded by Flying Start [30].

This study investigates the effectiveness of the SABF
intervention following initia 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
asfollows:

« Do EYOssignificantly improve (beyond typical, expected
development) after using the S4BF program?

« Isthereastatistically significant relationship between EYO
domains (listening and attention, feelings and behavior,
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speaking, and understanding), EY O domainsand children’s
age, and the Leuven well-being scale?

« Does children’s well-being improve after the SABF
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.

Davidson & Randhawa

Availability of Data and Materials

The data sets used and analyzed during this study are available
from the corresponding author upon reasonabl e request.

Participants

Datafrom 111 children were collected. Boys outnumbered girls
(60/111, 54% and 48/111, 43.2%, respectively; 3/111, 3%
unknown), just over athird 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).

Characteristics Values
Gender, n (%)
Male 60 (54.1)
Female 48 (43.2)
Unknown 3(2.7)
EALZstatus, n (%)
EAL-yes 37 (33.3)
EAL-no 45 (40.5)
Unknown 28(25.2)
Funding status, n (%)
Funded 2 yes 25(22.5)
Funded 2 no 82(73.9)
Unknown 3(3.6)

Age (months), mean (SD; range)
January
March

39.44 (10.81; 21-71)
42,65 (11.11; 44-75)

3EAL: 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 childrenin 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.

https://pediatrics.,jmir.org/2022/2/e25086

Recruitment

Childminders and DSOs attend termly meetings held by LBC
for briefings and changesin 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 SABF
intervention. Part of the data collection was a statutory
requirement, that is, the submission of EY O 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 anumber of children of varying abilitiesand
circumstances to monitor. However, childminders have a more
limited scope asthey 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 M easures

Practitionerswere already familiar with EY O scalesto 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 thelevel of attainment within each
age band. Practitioners rate children on their ability; therefore,
achild’schronological age may not reflect where they are placed
onthe EY O 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
SHABF 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 scalesexist for well-being and involvement,
respectively. For the purpose of this study, the Leuven
well-being scale was used [37,38] becauseit iscommonly used
by early years professionalsin 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 achild's devel opment will be compromised [39,40].
The Leuven scale allows early years practitionersto 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 practitionersto judge against; training in the use of the scales
isalso routinely provided for Luton’s early years’ workforce.

https://pediatrics.,jmir.org/2022/2/e25086
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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.

Resear ch Design

A quasi-experimental design was used in this study. Data were
collected pre- and postintervention from childmindersand DSOs
in Luton. Where possibl e, 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 datistically significant
relationships between the variables under study. An analysis of
covariance (ANCOVA) was conducted on the mean EY O scores
to determinethelevel of progressachieved by preschool children
when controlling for age.

Sign 4 Big Feelings I ntervention

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
dollsto act out how the charactersfed. Early years practitioners
read booksto children regularly at storytimesusing smplesign
language to convey the emotions of the charactersin the story
and encourage children to copy the signs and repeat the words
the signs convey (“Ishan feels realy safe. Why does he feel
safe? Because he's having a bedtime story;” “lzzy 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 arange of vocabulary
to convey how they feel and an opportunity to talk with atrusted
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 SABF
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 devel opment
through:

«  Sign language to reinforce keywords with accompanying gestures and facial expressions
o  Storiesto 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 practitionersin the Sign 4 Big Feelings program
o  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 improvementsin key early years outcomes:
.  Listening and attention
o Understanding
«  Speaking
«  Managing feelings and behavior

«  Significant improvementsin:
«  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

L onger-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

Intotal, 48 Leuven Scales (pre- and postintervention), 91 EYO

assessments (pre- and postintervention), and 110 word lists

Overview (words understood and spoken pre- and postintervention) were
) , completed. Baseline data were collected in November 2016,

Table 2 summarizes the SABF data set. Although 111 children 4 follow-up datawere collected 3 months | ater, from February

took part in the evaluation of SABFs, some measures were 1o March 2017.

incomplete.

Results
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Table 2. Summary of the Sign 4 Big Feelings data set (N=111).

Davidson & Randhawa

Outcome Valid, n (%) Missing, n (%)  Mean (SD) Range Minimum Maximum

January
Words understood 110(99.1) 1(0.9) 6.30 (4.04) 16 0 16
Words said 110 (99.1) 1(0.9) 4.10 (3.93) 16 0 16
Leuven 48 (43) 63 (57) 2.89 (1.05) 4 1 5
EYO? listening and attention 91(82) 20(18) 9.06 (2.45) 11 4 15
EYO understanding 91 (82) 20 (18) 8.83 (2.62) 13 2 15
EYO speaking 91(82) 20 (18) 7.94 (2.96) 14 1 15
EYO fedings and behavior 91 (82) 20 (18) 8.71(2.31) 10 4 14

March
Words understood 110 (99.1) 1(0.9) 11.41 (3.57) 13 3 16
Words said 110 (99.1) 1(0.9) 9.60 (4.44) 16 0 16
Leuven 48 (43) 63 (57) 3.97 (0.73) 3 2 5
EYO listening and attention 91 (82) 20 (18) 11.02 (2.44) 12 6 18
EYO understanding 91 (82) 20 (18) 10.77 (2.45) 13 5 18
EYO speaking 91(82) 20 (18) 10.25 (2.69) 14 4 18
EYO fedings and behavior 91 (82) 20 (18) 10.69 (2.27) 11 6 17

3EYO: early years outcome.

Analysis
In addition to descriptive statistics, anumber of testswere used:

a within samples t test, correlations, ANCOVAs, and
multivariate analysis of covariance.

Paired Samplet Test

A pared sample t test was conducted to establish any
statistically significant difference between the pre- and
post-SABF intervention after checking that the datawerewithin
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,
apaired-samplest test indicated that scores were significantly
higher in March (mean 11.41, SD 3.57) than in January (mean
6.3, SD 4.04; t,355=16.4; P<.001; Cohen d=1.56). Mean words

spoken were significantly higher in March (mean 9.6, SD 4.44)

Table 3. Paired-samplest test results.

thanin January (mean 4.11, SD 3.93; t;,4=15.55; P<.001; Cohen
d=1.38). The Leuven well-being scoreswere significantly higher
in March (mean 3.98, SD 0.73) than in January (mean 2.89, SD
1.05; t,,=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; t5,=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;
te=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; tg;=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; tg;=11.9; P<.001; Cohen d=1.24).

Pairs Paired differences t test (df) P values (2-tailed)
Mean (SD) SE mean 95% CI of the difference
1. Words Jan under—words Mar under -5.11 (3.26) 0.31 -5.73t0 -4.50 -16.43(109) <.001
2. Words Jan say—words Mar say -5.49 (3.70) 0.35 -6.19t0 —-4.79 -1555(109) <.001
3. Leuven Jan-Leuven Mar -1.08 (0.76) 0.11 -1.30to-0.86 -9.78 (47) <.001
4. EYO? Jan list and att—EYO Mar list and att -1.95 (1.49) 0.15 -2.26t0-1.64 -12.46 (90) <.001
5. EYO Jan under—EY O Mar under -1.92 (1.60) 0.16 -2.25t0-1.59 -11.46 (90) <.001
6. EYO Jan speak—EY O Mar speak -2.30(1.95) 0.20 -2.71t0-1.90 -11.27 (90) <.001
7. EYO Jan feel and beh—-EYO Mar feel andbeh  -1.97 (1.58) 0.16 -2.30t0-1.64 -11.91 (90) <.001

3EYO: early years outcome.
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Correlations

A correlation analysiswas undertaken for children’sage, 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 rg;=0.56, P<.001; age and
EYO for understanding, Pearson rq;=0.57, P<.001; age and
EY O for speaking, Pearsonry=0.49, P<.001; and ageand EYO
for feelings and behavior, Pearson rg;=0.51, P<.001. A strong

Davidson & Randhawa

positive, statistically significant relationship was also found
between each of the EYOs; for example, EYOs for listening
and attention and understanding, Pearson r4;=0.90, P<.001, and
between feelings and behavior and speaking, Pearson r¢;,=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
r4=0.51, P<.001.

Table 4. Correlations between age, early years outcomes, and L euven scales.

Age March EYO®March listening  EYO March EYOMarch  EYOMarchfeelings
and attention understanding speaking and behavior

AgeMarch

Pearson correlation 1 0.56° 057° 0.49° 051°

Significance (2-tailed) N/AC 0.00 0.00 0.00 0.00

n 110 o1 o1 91 91
EYO March listening and attention

Pearson correlation N/A N/A 0.90° 0.87° 0.87°

Significance (2-tailed) N/A N/A 0.00 0.00 0.00

n N/A N/A o1 o1 o1
EYO March under standing

Pearson correlation N/A N/A N/A 0.85° 0.82°

Significance (2-tailed) N/A N/A N/A 0.00 0.00

n N/A N/A N/A o1 o1
EYO March speaking

Pearson correlation N/A N/A N/A N/A 0.83°

Significance (2-tailed) N/A N/A N/A N/A 0.00

n N/A N/A N/A N/A 91
Leuven March

Pearson correlation N/A 0.48° 0.52° 0.58° 0.50°

Significance (2-tailed) N/A 0.00 0.00 0.00 0.00

n N/A 44 N/A N/A N/A

3EYO: early years outcome.
bCorrelation significant at the 0.01 level (2-tailed).
°N/A: not applicable.

EYO Progress, Gender, English as an Additional
Language, Funded 2 Status, and Well-being

Although therewas no differencein gender in terms of progress,
children with EAL accomplished nearly 4 stepsin EYO stages
(boys 3.7 steps, girls 3.8), whereas non-EAL children
accomplished 2 steps (both boysand 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). Overdl,
children who had funded 2 status progressed just over 4 steps

https://pediatrics.,jmir.org/2022/2/e25086

(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
(Table5). A 3x2 within-group ANCOVA was run on the means
of the EYO scores as the scores correlated with one another.
The ANCOVA conducted with mean EY O scores (mean 10.73,
SD 2.33) showed that the main effect of EY Os was statistically
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significant throughout time when controlling for age (F g5=4.89,
P=.03; partial n 0.58; 39.33, SD 10.81). Therewasastatistically
significant interaction between EYOs (mean 10.73, SD 2.33)
and age (F;g9=6.18, P=.01; partial n 0.72; mean 39.33, SD
10.81). Therewas astatistically significant interaction between
EYOs (mean 10.73, SD 2.33) and EAL (Fyg=8.48, P=.005;

Table5. Analysisof covariance with mean EYO? scores.

Davidson & Randhawa

partial n 0.09; mean 4.33, SD 2.29). There was another
dtatistically significant interaction in the ANCOVA test between
EYOs(mean 10.73, SD 2.33) and funded 2 status (F; g;=10.65,
P=.002; partial n 0.11; mean 10.84, SD 2.29). No statistically
significant interaction was found between EY Os and gender or
between combinations of the aforementioned variables.

Tests of within-subjects effects Type Il sum of squares Mean sguare F (df) Significance Partial n squared
EYO 4.011 4.011 4.895 (1) 0.030 0.058
EYOxage_Jan 5.066 5.066 6.183 (1) 0.015 0.072
EY Oxgender 0.011 0.011 0.014 (1) 0.907 0.000
EYOXEALP 6.955 6.955 8.488 (1) 0.005 0.096
EYOxfunded 2 8.726 8.726 10.651 (1) 0.002 0.117
EYOxgenderxEAL 0.008 0.008 0.010 (1) 0.922 0.000
EY Oxgenderxfunded 2 0.209 0.209 0.255 (1) 0.615 0.003
EYOxEALxfunded 2 0.000 0.000 0.000 (1) 0.997 0.000
EY OxgenderxEAL xfunded 2 0.016 0.016 0.019 (1) 0.891 0.000

3EYO: early years outcome.
bEAL: English as an additional language.

Statistical Significanceand Clinical Significance: EYO
Scores

The previous section has shown that children made statistically
significant progressin their EY O 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
EY O domain. Children are expected to progress 1 step in each
term. Therefore, data collected from these settings show that
bel ow-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.

EYO?domain Autumn term 1, n (%) Spring term 2, n (%)
Total Below At Above Total Below At Above Stepsprogress
pupils pupils
Listening and attention 413 (100) 140 (33.9) 190 (46) 82(19.9) 498(100) 130(26.1) 189 (38) 179 1
(35.9)
Understanding 413 (100) 169 (40.9) 169 (40.9) 75(18) 498 (100) 179 (35.9) 169 (33.9) 150 2
(30.1)
Speaking 404 (100) 186 (46) 162 (40) 56 (13.9) 498(100) 220 (44.2) 150(30.1) 130 1
(26.1)
Managing feelingsand 394 (100) 158 (40.1) 189 (47.9) 47(11.9) 498(100) 189(38) 189 (38) 120 2
behavior (24.2)

3EYO: 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 EY O domains. Therefore,

https://pediatrics.,jmir.org/2022/2/e25086

children achieved better than expected progress when assessed
a the end of the intervention. Most children in the sample
achieved better than expected progress, with many progressing
multiple stepsin EYO attainment.

Positive correlations were found between age and the EY Os 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 EY O domain underpins another. For
example, if a child is assessed as low in understanding or
speaking, they areunlikely to managetheir feelings and behavior
as that involves speaking. A positive, statistically significant
relationship was found between the L euven 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 EY O 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
EY O and funded 2 status. No statistically significant interaction
was found between EY O 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 progressin terms of these4 EY O domains.
Indeed, in the early years, professionals reported seeing rapid
progressin children if they were engaged in learning.

In summary, the statistical tests show usthat 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 DSOswho work within aninstitution
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 EY Os (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

https://pediatrics.,jmir.org/2022/2/e25086
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guidance on how to use the EY O bands, a proportion were still
unable or unsure how to report them fully. Conversely, there
may have been a positive biasin the results reported by DSOs,
asthe progress made by some children seemed so great, moving
many EY O bands further ahead.

A relatively small sample size was achieved; however, we were
interested in studying a subsection of that population,
specifically children bel ow the expected level s of devel opment.
On the basis of the local authority tracking system for EY Os,
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 practitionersweretrained to usethem. Scales
areanindicator of progress, but they do not consider each child
as awhole and their personal circumstances.

Childminders and DSOs were asked to incorporate the SABF
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
theintervention period wastoo 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 childrenin termsof EY O progressasan integral
part of their role. Furthermore, it could be argued that staff
working with children on adaily 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 isrequired 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 pointsin development and
where gender differences start to be apparent. It is hoped that
the positive effects reported here will be sustained throughout
time, aswith 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 SABF
encourage children and early years practitionersto 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 aforeign 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 level s 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 boysand girlsare 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 SABF has facilitated the cooperation of people
working in settings with the expertise to work closely with
young children. Progress has been measured in multiple

Davidson & Randhawa

domains: EYOs, word knowledge, and Leuven well-being
scales. EYOs, in particular, are established measures in early
years education and widely used across Luton, alowing
professionals to place children on a reasonably finely grained
scaleto monitor their progress on arange of key developmental
domains.

Conclusions

SABF was designed in part to help children express difficult
emotions, thereby reducing destructive behavior. Most children
in this sample made significant progress in al 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 possibleto seeif there hasbeen an
increasein safeguarding referrals since theintroduction of SABF.
The evidence presented here suggests that interventions such
as SABF can benefit preschool children but are particularly
important for children who experience multiple disadvantages.
SABF was developed because of the worrying gaps in the
attainment of young childrenin 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 S4ABF. 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 peerstoreaize
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 devel oped to identify apps from Apple's App Store and the Google Play
Storein April 2019. After reviewing the apps' titles and summaries, potentially relevant apps were downloaded for viewing. The
quality of the appsthat met the inclusion criteriawas assessed by the Health on the Net Foundation Code of Conduct (HONcode)
criteriafor 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 eval uated 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 arelow. Newer appsare of higher quality intermsof scientific basis. Thereisaneed to ensure high-quality and evidence-based
apps are available. The effectiveness of appsin terms of oral care and clinical outcomes among children needs to be evaluated.

(JMIR Pediatr Parent 2022;5(2):€28238) doi:10.2196/28238

KEYWORDS
apps; oral health; evidence-based; oral hygiene; children

their quality of life, families, and communities[2]. Oral diseases
aremultifactorial infectious diseases and dental plagque (bacteria)
Among al hedlth problems that may be experienced during P!&/s akey rolein their pathogenesis [3]. Thus, in preventing
childhood, oral disease remains the most common [1]. A Ordl disease, akey focus has been on controlling dental plaque
systematic analysis of the global burden of oral diseases has PY improving oral hygiene (ie, toothbrushing) [4]. Cochrane
identified that untreated dental caries (tooth decay) among young systematic reviews are leadi ng sources of SC|.er_1t|_f|c evidence
children can cause considerable pain and suffering and impacts 10 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, lesflets, and
posters). However, evidence of their effectiveness is
guestionable, particularly for long-term behavioral change and
clinical outcomes[9]. Appsareincreasingly used in health care
and health informaticsin 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 ora 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 appsfor oral careislacking, 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

Table 1. Descriptive information on the apps reviewed (N=54).

Hoetd

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 | dentification 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-careamong children. A total of 13 oral sdlf-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 regjection 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 appsto inform thereview. Criteria
for rgjectioninclude (1) age-inappropriate apps (ie, age not rated
as 3+ or 4+ years), (2) inaccessible apps, (3) apps requiring
pairing with productsto 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 (k=0.836). Where disagreement
occurred, it was resolved with athird rater.

Category of information

Apps, n (%)

Ageratingin years
3+
4+

Compatibility
Android only
Apple

Price
Free
Not free

Star rating
>4
<3

Last upload in years
<2
>2

Developer
Company
Individual

18 (33)
36 (67)

18 (33)
36 (67)

42 (78)
12 (22)

40 (74)
14 (26)

41 (76)
13 (24)

26 (49)
28 (52)
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Figure 1. Flowchart for the Apps selection process.

13 Keywords Searched:
1. Dental Health

Dental Hygiene

Dental Hygiene Aids

Dental Self-care

Floss

Mouthrinse
Mouthwash

Oral Health

. Oral Hygiene

10.Oral Self-care

11. Tooth cleaning

12. Toothbrush

13. Toothpaste

CoNOORON

¥

Total Number of ‘Apps’ identified: 3,252
(on App Store: 1,074; Google Play: 2,344)

Rejected ‘Apps’: Total 3,157
Reasons:
1. Duplication: 806
2. Non-English Medium: 735
3. Non-dental: 743
4. Non-oral self-care: 873

¥

Total Number of Potentially Relevant ‘Apps’ identified: 95

Rejected ‘Apps’: Total 41
Reasons:
1. Age inappropriate: 15
2. Inaccessible: 15
3. Non-oral self-care: 6
4. Pairing with product: 5

3

Total Number of Relevant ‘Apps’ identified: 54

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
Basisof Oral Sdlf-care (SBOSC) scores. The HONcode assesses
the reliability and credibility (validity) of medical and health
information on theinternet 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

https://pediatrics,jmir.org/2022/2/e28238
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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) financia 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 acrossthe 8 criteria, and descriptive statistics
were produced (range, mean, SD, median, and |QR). 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 potentialy relevant
to inform the review and were downloaded (Figure 1). Following
the review of the downloaded apps, 54 Appswereidentified as
relevant to inform the review. Reasons for exclusion included

https://pediatrics,jmir.org/2022/2/e28238
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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 (k=0.836).

The profile characteristics of the 54 relevant apps are presented
in Table 1. Approximately two-thirds of the appswere 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
a4-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 aHONcode 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 scorewas 1.0 (IQR 0-2.25). SBOSC
scoresranged 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).

Assessment tool and criteria

Apps, n (%)

HONCcode?
Authority
Complementarity
Privacy
Attribution
Justifiability
Transparency
Financial disclosure
Advertising policy
sBosc®
Choice of toothbrush
Use of fluoride toothpaste
Brushing time
Adult supervision
Brushing technique

Other caries prevention advice

4(7)
5(9)
11 (20)
5(9)
13 (24)
40 (74)
10 (19)
8 (15)

6(11)
7(13)
15 (28)
2(4)
44 (81)
5(9)

3HONcode: 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) scoreswith

respect to app features (N=54).

Category HONCcode? score, mean (SD) P value® SBOSCE score, mean (SD) P value

Ageratingin years
3+ 1.3(1.4) 79 1.4 (0.9) 26
4+ 20(2.2) 15 (1.6)

Compatibility
Android only 15(1.6) 52 1.3(0.9) 44
Apple 1.9(2.2) 1.6 (1.6)

Price
Free 1.9(2.2) 30 14(1.2) 39
Not free 1.3(L3) 1.8(L9)

Star rating
>4 1.6 (2.0) 32 1.6 (L5) 44
<3 21(2.1) 1.1(0.9)

Last updatein years
<2 2.3(0.4) .04 15(1.5) 11
>2 1.1 (0.5) 15(1.1)

Producer
Company 14(12) 70 1.8(L9) 92
Individual 1.5(1.6) 1.8(2.2)

3HONcode: Health on the Net Foundation Code of Conduct.
bp values are derived from t tests for i ndependent 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 careand oral health [12-14,17,18]. To follow asystematic
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 reviewsin thefield 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 itis
acknowledged that there are other platforms. It was not
surprising to have many duplications among search results
between platforms asthe search strategy had overlapping terms
for ora 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.

https://pediatrics,jmir.org/2022/2/e28238

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 devel oped
for ayounger age group [20]. It is acknowledged that younger
children may not be ableto fully comprehend the content of the
apps. Nonethel ess, the apps can familiarize them and introduce
them to the concept of early toothbrushing, as in many other
childhood learning apps. Most appswere available onthe 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 ascore of O (ie, not following
any of the recommendations or guidelines). The overall mean
and median HONcode scores were around one-quarter of the
tota 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
professional s asauthors), 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
HONCcode 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 appsin providing oral health
information, the SBOSC, astandardized 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 1in 5 scoring O and few fulfilling al the 6 criteria (less
than 1in 20). The mean and median SBOSC scoreswere around
one-third of the maximum score. Thisagain highlightsthe need
for a massive improvement in the scientific basis of the
information provided in apps for oral hygiene.

Hoetd

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
HONCcode 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
arelow. App quality iscorrelated with its scientific basis, though
the strength of the correlation isweak 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 effectivenessin terms
of promoting proper oral hygiene behaviorsand 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
Conditionsin Infants and Reduce Parenting Stress in Mothers:
Randomized Controlled Tria” [JMIR Pediatr Parent
2022;5(1):€27615] the authors noted two errors.

First, inthe 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%
Cl 0.406-0.927]

This has been corrected as follows:

20% vs 33%, P=.02; relative risk ratio, 0.709 [ 95%
Cl 0.519-0.969]

https://pediatrics.,jmir.org/2022/2/e38059

Second, in Table 2 of the originally published articlethe 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 IMIR Publicationswebsite on April 12, 2022, together with
the publication of this correction notice. Because thiswas 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:

Correction of: https://pediatrics.jmir.org/2022/1/e34166

(IMIR Pediatr Parent 2022;5(2):€39049) doi:10.2196/39049

In*“MultimediaKnowledge Trandl ation Toolsfor 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:

Multimedia Appendix 1

Inthe* Duplicate appsremoved before screening” box, thevalue
islisted as“5". The updated version of Multimedia Appendix
lisavailable below.

The correction will appear in the online version of the paper on
the IMIR Publications website on June 21, 2022, together with
the publication of this correction notice. Because thiswas made
after submission to PubMed, PubMed Central, and other full-text
repositories, the corrected article has also been resubmitted to
those repositories.

Corrected version of Multimedia Appendix 1: Screening of apps and web-based tools.
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