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Abstract

Background: Since the beginning of the COVID-19 pandemic, a great number of papers have been published in the pediatric
field.

Objective: Weaimed to assessresearch around the globe on COVID-19 inthe pediatric field by bibliometric analysis, identifying
publication trends and topic dissemination and showing the relevance of publishing authors, institutions, and countries.

Methods: The Scopus database was comprehensively searched for all indexed documents published between January 1, 2020,
and June 11, 2020, dealing with COVID-19 in the pediatric population (0-18 years). A machine learning bibliometric methodol ogy
was applied to evaluate the total number of papers and citations, journal and publication types, the top productive institutions and
countries and their scientific collaboration, and core keywords.

Results: A total of 2301 papers were retrieved, with an average of 4.8 citations per article. Of this, 1078 (46.9%) were research
articles, 436 (18.9%) were reviews, 363 (15.8%) were letters, 186 (8.1%) were editorials, 7 (0.3%) were conference papers, and
231 (10%) were categorized as others. The studies were published in 969 different journals, headed by The Lancet. Theretrieved
papers were published by atotal of 12,657 authors from 114 countries. The most productive countries were the United States,
China, and Italy. The four main clusters of keywords were pathogenesis and clinical characteristics (keyword occurrences:
n=2240), public health issues (n=352), mental health (n=82), and therapeutic aspects (n=70).

Conclusions: Inthe pediatric field, alarge number of articles were published within alimited period on COVID-19, testifying
to the rush to spread new findings on the topic in a timely manner. The leading authors, countries, and institutions evidently
belonged to the most impacted geographical areas. A focus on the pediatric population was often included in general articles, and
pediatric research about COV1D-19 mainly focused on the clinical features, public health issues, and psychological impact of the
disease.

(JMIR Pediatr Parent 2021;4(3):€24791) doi:10.2196/24791

KEYWORDS
COVID-19; SARS-CoV-2; children; pediatrics; bibliometric review; publications; research; literature; review

: worldwide [1]. At the same rate, the research community has
Introduction been extremely prolific, with aconsiderable amount of scientific

With its massive and rapid spread, the COVID-19 pandemic ~PaPers publisheq within avery short Fi me, Fn an effort to address
has been an unprecedented challenge for health care systems @l @spects of disease management in a timely manner. Many
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journals are offering fast-track  publication  for
COVID-19-elated papers. The availability of reviewersfor an
expedited review process has been called for. In other words,
the editorial process that usually characterizes the research on
a disease has been sped up and amplified in this exceptional
circumstance.

Infection by SARS-CoV-2 seems to be milder in the pediatric
population than in the elderly [2], and the rel ative protection of
children against the severeforms of COVID-19isamajor point
of interest in the comprehension of the pathogenetic mechanisms
of the disease [3]. Therefore, research on COVID-19 in the
pediatric field has experienced astrong increase. The very high
number of continuoudly published papers and the speed at which
research on this topic has been generated makes it extremely
difficult to stay updated with such arapidly evolving knowledge
base. In this regard, a bibliometric analysis of the current
literature on pediatric COVID-19 can help clinicians stay
updated with emerging and swiftly evolving scientific outcomes.
Bibliometric analysisis the attempt to quantitatively assessthe
current literature on a certain topic, allowing researchers to
acquire knowledge about research trends and providing insights
into the contribution of aparticular country or institution to that
topic, as well as data on coauthorship and collaboration [4].

Therefore, we performed a bibliometric analysis of the papers
on COVID-19 in the pediatric field published in the first half
of 2020 to assessresearch on thistopic on aglobal scale, identify
publication trends, and provide some hints on the gap of
knowledge to befilled by future research.

Methods

The Scopus database was comprehensively searched for all the
indexed documents published between January 1, 2020, and
June 11, 2020, dedling with COVID-19 in the pediatric
population (0-18 years of age). The keywords used were COVID
or coronavirusand pediatric or child or children or adolescent$
in the title or abstract. We used only these terms to conduct a
broad search that would ensure the inclusion of relevant
literature. The inclusion criteria were papers that (1) were
published after the first report of COVID-19 from the Wuhan
government on December 31, 2019, and (2) matched the search
keywords. AsCOVID-19 wasfirst reported in Chinaand afairly
large number of research papers were written in Chinese,
language was not limited during the retrieval process.

The literature retrieval group consisted of 3 trained
professionals. We used the export feature of the search engine
to retrieve data for further processing. All extracted literature
entries were exported into Microsoft Excel (Microsoft Corp)
for screening and selection. The reviewers (AM, FT, GG, SB)
independently screened thetitles, abstracts, and, if ambiguous,
full texts for the inclusion of articles. Discrepancies were
resolved through discussions among them and with a fifth

https://pediatrics,jmir.org/2021/3/e24791
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reviewer (IR) in case of difficulties in reaching an agreement.
The reviewersindependently conducted information extraction
from theincluded papers. Discrepancieswere similarly resolved
through discussion among the reviewers.

For studies that fulfilled the inclusion criteria, the following
information was extracted: authors, affiliations, and country of
origin (when there was more than one author, the corresponding
author’s information was used), journal, publication date,
publication type, citation, and abstract. The abstract and title of
every record retrieved were screened to determine which studies
should be assessed further.

We performed explorative data analysis for:

«  Total number of papersto measure global productivity;

- Total citations to assess the relevance of an author,
institution, or country;

« Journal and publication typesto assess topic dissemination;

- Scientific collaboration between authors, institutions, and
countries to show how they related to others;

«  Corekeywords to show clusters of research topics.

The intracountry and intercountry collaboration indices were
presented as single-country publication (SCP) and
multiple-country publication (MCP), according to the country
of the corresponding author, and the timing of the first
COVID-19 case reported for each country was highlighted as
well.

A machine learning bibliometric methodology was applied to
evaluate the distribution of each factor. The bibliometrix R
package with its Biblioshiny web interface was used [5].

No ethics approvals were considered necessary as this was a
literature-based study.

Results

General Data

A total of 2301 papers were retrieved. Out of them, 1078
(46.9%) were research articles, 436 (18.9%) werereviews, 363
(15.8%) wereletters, 186 (8.1%) were editorials, 7 (0.3%) were
conference papers, and 231 (10%) were categorized as others.

Citation Analysis

The retrieved articles had 11,063 citations with an average of
4.8 citations per article. Of the retrieved papers, 869 (37.8%)
were cited at least once. The 10 most frequently cited articles
areshown in Table 1. Thetop-ranking paper (n=1255 citations)
was published in The New England Journal of Medicine and
was focused on the clinical characteristics of COVID-19 in
China

Table 2 showsthe distribution of the prevalence of theretrieved
articles according to the number of citations.
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Table 1. List of the 10 most cited articles about COVID-19 in the pediatric population.

Authors and reference  Title

Journal

Publication date Total citations, n (%)

Guan et a [6] Clinical characteristics of coronavirus dis-

ease 2019 in China

Chaneta [7] A familial cluster of pneumonia associated
with the 2019 novel coronavirusindicating
person-to-person transmission: A study of

afamily cluster

Mehtaet a [8] COVID-19: Consider cytokine storm syn-

dromes and immunosuppression

Wu et a [9] A new coronavirus associated with human

respiratory disease in China

Wu et a [10] Risk factors associated with acute respirato-
ry distress syndrome and death in patients
with coronavirus disease 2019 pneumonia

in Wuhan, China

Chenetal [11] Clinical characteristics and intrauterine
vertical transmission potential of COVID-
19 infection in nine pregnant women: A

retrospective review of medical records

Lai etd [12] Severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) and coronavirus
disease-2019 (COVID-19): The epidemic

and the challenges

Xueta [13] Evolution of the novel coronavirusfrom the
ongoing Wuhan outbreak and modeling of
itsspike protein for risk of human transmis-
sion

Dong et a [14] Epidemiology of COVID-19 among chil-
drenin China

Luetal [15] SARS-CoV-2 infection in children

The New England Journal of
Medicine

Lancet

Lancet

Nature

JAMA Internal Medicine

Lancet

International Journal of Antimi-

crobial Agents

Science China Life Sciences

Pediatrics

The New England Journal of

April 30, 2020 1255 (11.3)

February 15,2020 735 (6.6)

March 13, 2020 324 (2.9)

February 3,2020 309 (2.8)

March 13, 2020 291 (2.6)

February 12,2020 275 (2.5)

February 12,2020 213 (1.9)

January 21,2020 153 (1.4)

June 1, 2020 134 (1.2)

April 23, 2020 128 (1.2)

Medicine

Table 2. Distribution of published papers about COVID-19 in the pediatric population according to the number of citations.

Number of citations

Articles, n (%)

>100
50-100
20-49
5-19
<5

17 (0.74)

25 (1.09)

70 (3.04)
202 (8.78)
1989 (86.44)

Journal Analysis

The studies were published in 969 different journals. The Lancet
headed thelist with atotal number of 29 publications, followed
by the Journal of Medical Virology (n=26) and Science of the
Total Environment (n=25). In analyzing the publications
referencelists, the most cited sourceswere The Lancet (n=2336
citations), followed by The New England Journal of Medicine
(n=1835), and the Journal of American Medical Association
(n=1017).

https://pediatrics,jmir.org/2021/3/e24791

Author Analysis

A total of 12,657 authors contributed to these papers, with a
mean of 5.5 authors per document. Out of this total, 239 were
authors of single-authored documents and 12,418 were authors
of multiauthored documents.

Country Analysis

The retrieved papers were published by authors from 114
countries. The most productive country in the COVID-19
research field in pediatrics was the United States, with 178
publications, followed by China, with 138 publications, and
Italy, with 87 publications. Table 3 showsthe top 10 productive
countries.
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Table 3. Thetop 10 productive countries publishing on the topic of COVID-19 in the pediatric population.

Country Articles, n SCP? n MCF®, n First reported case®
United States 178 134 44 January 30, 2020
China 138 119 19 December 31, 2019
Italy 87 70 17 February 20, 2020
India 30 23 7 March 2, 2020
France 26 21 5 February 7, 2020
United Kingdom 23 10 13 January 28, 2020
Canada 22 10 12 January 27, 2020
Iran 19 15 4 February 19, 2020
Korea 18 14 4 January 20, 2020
Australia 17 11 6 January 25, 2020

85CP: single-country publication.
bmcP; multiple-country publication.
®Source: WHO Coronavirus (COVID-19) Dashboard [16].

Institution Analysis

The published articles came from 4919 ingtitutions, with the
top 10 institutions accounting for 614 (26.7%) papers. The
Huazhong University of Science and Technology was the most

productiveinstitution, with 117 documents, followed by Harvard
Medical School (n=82 publications) and the University of
Oxford (n=67). Table 4 displays the top 10 productive
institutions.

Table 4. Thetop 10 productive institutions publishing on the topic of COVID-19 in the pediatric population.

Ingtitution Country Articles, n (%)
Huazhong University of Science and Technology China 117 (5.1)
Harvard Medical School United States 82 (3.6)
University of Oxford United Kingdom 67 (2.9)
University of Washington United States 63 (2.7)
University of California United States 61 (2.6)
University of Toronto Canada 56 (2.4)
Tehran University of Medical Sciences Iran 47 (2.0
University College London United Kingdom 45 (2.0)
Universal Scientific Education and Research Network _a 39(1.7)
University of Melbourne Australia 37(1.6)

3N ot applicable.

Collaboration Analysis

Figure 1 showsthe country collaboration analysis. The network
diagram showed that China and the United States were the
leaders in COVID-19 research in cooperation with other

https://pediatrics,jmir.org/2021/3/e24791
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countries (each node represents a country, node size corresponds
to publication number, connecting lines represents country
cooperation, and line thickness indicates collaboration
frequencies). Overall, developed countries had greater
collaboration networks than developing territories.
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Figure 1. Collaboration map between countries in publications on COVID-19 in the pediatric population.

Longtude

Latitude

Keyword Analysis

Overall, the three most common keywords were COVID-19
with 880 occurrences, coronavirus with 368 occurrences and
Sars-Cov2 with 294 occurrences. Multimedia Appendix 1 shows
aword cloud for the most common keywords of the retrieved
papers

When keywords were clustered into themes, four main clusters
emerged: pathogenesis and clinical characteristics (keyword
occurrence: n=2240), public health issues (n=352), mental health
(n=82), and therapeutic aspects (n=70).

Discussion

Principal Findings

In this bibliometric review, we amed to provide a
comprehensive portrait of published research on COVID-19in
the pediatric population. The bibliometric approach properly
fitstheaim of representing all scientific publicationson acertain
topic in adefined time frame. Therefore, this method has been
recently used by many authors to depict the state of current
knowledge about COVID-19 under different perspectives
[17-27], and we used it to focus on the pediatric population.

The most impressive result was the large number of articles
published within alimited period on a single topic. Most were
research articles, but, notably, more than 15% of the total
published papers were letters, testifying to the rush to quickly
spread even preliminary results and personal perspectives[28].
The low rate of conference papers was probably due to the fact
that most of the national and international conferences scheduled
in that period were cancelled in compliance with social
distancing measures.

https://pediatrics,jmir.org/2021/3/e24791
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The citation analysis showed that only about one-third of the
published papers were cited at least once, suggesting that the
short time frame and the rapidly increasing amount of literature
likely lowered the possibility of a paper being cited. However,
the top-cited paper reached a high number of citationsin avery
short time.

The leading authors, countries, and institutions evidently
belonged to the most impacted geographical areas, as aready
pointed out in previous general bibliometric analyses.

Thekeyword analysis, aswell asthetop-cited articles, revealed
that a focus on the pediatric population was often included in
general articles about COVID-19 as well. Anayzing the
keyword clusters, it was observed that pediatric research about
COVID-19 mainly focused on the clinical features of the disease
and public health issues. Notably, mental health—related topics
were of outstanding interest, even overcoming therapeutic
aspects. Psychosocial challengesand opportunitiesfor children
with chronic health conditions during lockdown, such asdigital
approachesto remote pediatric health care delivery, represented
amainstream topic in the publication trends during the pandemic
[29,30]. This, aong with the lack of emergency
preparedness—elated topi csamong the most recurrent keywords,
could suggest that COVID-19 research in pediatrics more
frequently addressed the psychological impact of lockdown,
per the milder clinical course of the disease among children,
and unlike what emerged in a similar bibliometric anaysis
outside the pediatric area[17].

Taken together, our findings demonstrate that scientists around
the world, facing the unprecedented emergency of the
COVID-19 pandemic, felt compelled to publish their findings
and opinions with the aim to contribute to the evolving
knowledge base as soon as new evidence emerged. This
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occurred even in the pediatric field, which has up to now not
been so serioudly involved in the COVID-19 emergency.

This process was facilitated by high-impact medical journals
opening special issues or columns for COVID-19 [31], some
publishers waiving publication fees and providing free access
to article content, and many journals opting to fast track peer
review. It would be desirabl e that some of these positive aspects
implemented in the current difficult times would become
common practice. Nonethel ess, in such an accel erated publishing
process, it should be of great importance to keep the quality of
research papers high, which is essential to spread valuable
information [22,32]. In the future, it would be interesting to
compare thisfirst 6-month publication rush to later publication
attitudes about the COVID-19 topic in the pediatric field.

Limitations

Our study has some limitations that need to be acknowledged,
pertaining mainly to theintrinsic bias of having considered only
studiesindexed in Scopuswithin alimited time frame, knowing
that results may differ had other databases been included or the
time period extended. However, this bibliometric analysis of
COVID-19 publications in the pediatric field offers a global
overview of what has been published on thetopic, which alows
for the identification of possible gaps in knowledge for new

Monzani et al

lines of research. In particular, the Scopus database was chosen
for its reliability, wide coverage of scientific production, and
daily updates. We decided to search only one database mainly
to avoid duplicate results. Moreover, asthisbibliometric analysis
addressed avery recent and rapidly evolving topic, we preferred
to search only one reliable database to overcome gaps in the
promptness of updates from different sources. Finally, we
preferred Scopus as our main data source since it provides data
analysisfor publications and citations, and allowsthe resultsto
be sorted according to the number of citations.

Another limitation consists of the limited time frame of our
analysis. Using a different methodol ogical approach, such asa
living systematic review, would allow for areal-time update on
therising evidencein such arapidly evolving field. Asaresult,
it would be possible for authors to constantly monitor gapsin
knowledge, which they could try to fill with future research.

Conclusion

In conclusion, a substantial humber of papers have been
published on the topic of COVID-19 in the pediatric field. It
would be advisable to carry on implementing the positive
changes to publication policies that emerged during the
COVID-19 pandemic, which will aid in providing solid evidence
toinform and support clinical and public health decision making.
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Word cloud of the most frequently used keywords in papers about COVID-19 in the pediatric population.
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Abstract

Background: Children with osteogenesis imperfecta (Ol) experience a diversity of symptoms that expose them to difficult
physical, mental, and socia challenges. Sisom (DHealth) is an interactive assessment and communication tool designed to help
children aged 6-12 yearswith chronic conditions expresstheir symptoms. Recently, the co-design of the Ssom Ol paper prototype
was launched by seeking the perspectives of end users, including children with Ol and their clinicians.

Objective: The aim of this study is to describe the experiences that children with Ol were prompted to share with researchers
during the co-design of the Ssom Ol paper prototype.

Methods: A secondary analysis of qualitative data was conducted at a university-affiliated, pediatric, orthopedic hospital. The
data sources consisted of interview transcripts, drawings, field notes, and observations derived from interviewing 12 children
with Ol who participated in the co-design of the Ssom Ol paper prototype. The themes and subthemes identified from the data
sources were generated using qualitative description.

Results. Three themes were identified. The first, Relating to Others, described the balance between feeling different versus
feeling similar to other children. The subthemes were Common Ol Experience, Feeling Different, and Feeling Just Like Others.
The second, Relating to Their Condition, described children’s positive and negative interactions with their own condition and
health care. The subthemeswere Understanding Their Condition, Special Relationship with the Hospital, and Difficult Treatments
and Procedures. The third, Reflecting on Capabilities, described children’s recognition of their strengths and limitations. The
subthemes were Perceiving Limitations, Overcoming Isolation, and Celebrating Strengths.

Conclusions: This co-design process provided children with Ol the space to not only contribute to the development of the end
product but al so el oquently describetheir experiences. These findings, based on the descriptions given by the children themselves,
offer us a unique understanding of what it means to grow up with Ol.

(IMIR Pediatr Parent 2021;4(3):€22784) doi:10.2196/22784
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Introduction

Background

Osteogenesisimperfecta (Ol), otherwise known as brittle bones
disease, is the most common inherited chronic bone disorder
[1-4]. The prevalence of Ol has been estimated at 1 in 13,500
and 1 in 9700 in 2 recent population-based studies from
Scandinavial[5,6]. Itsprincipal clinical featureisbonefragility,
for which there is no cure. Thus, health services focus on the
prevention and treatment of fracturesto maximize mobility [7].
However, pain, fatigue, and varying degrees of physical
limitations may hinder participation in daily activities and
acceptance by peers and lead to feelings of fear, otherness, and
isolation [4,8-13]. Relatively little attention has been directed
toward understanding the day-to-day experiences of children
with Ol specifically and from their own perspective.

Children living with other chronic conditions have a unique
understanding of their experience that cannot be conveyed
through a proxy [14,15]. A growing body of knowledge
demonstrates a gap between what children view as significant
and what their parents perceive [15,16]. Children with chronic
conditions are described as having an “intense embodied
understanding of [their] disease” [17] and being “historiansin
their own right” [18]. As clinicians, we have a moral duty to
elicit these children’s voices and partner with them to truly
understand their perspective. This notion has been reinforced
in the United Nations' (1989) Convention on the Rights of the
Child, which states that every child has the right to express
themselves and be heard by others in matters that affect their
well-being [19].

Siedlikowski et al

The concept of authentic listening is derived from the moral
duty to treat children as competent moral agents[20]. Itimplies
their active involvement in decision-making to help them foster
a strong moral order and capacity in future decision-making.
The concept of authentic listening goes beyond ssimply allowing
a child to express himself/herself: it is about considering a
child’s viewpoint as unique and valuable rather than immature
and underdevel oped. Research that seeksto elicit the voices of
children and include them as expertsin decision-making isthus
of great importance.

One strategy to elicit a child’s voice is to transform a child’s
place (a place for children that is run by adults and their rules)
into a child’s space (a place where children can take the lead)
[21]. Efforts to create this space were made during the
participatory co-design of a paper prototype called Ssom Ol
[13]. Thiswas the first step our research team embarked on to
address the absence of interactive computerized tools designed
to assess the unique needs of children living with Ol. Sisom
(DHealth; Norwegian acronym derived from S det som det er,
meaning Tell it asit is) is an award-winning, rigorously tested,
interactive, computerized tool that helps children aged 6-12
years with chronic conditions to express their symptoms [22].
It can be downloaded on a phone, tablet, laptop, or desktop
computer. Sisom, originally designed for children with cancer,
was adapted for children with congenital heart disease, and in
the process of being adapted for other conditions, it also hasthe
potential to engage children with other chronic conditions in
their own care[23]. It is also considered a creative system that
helps clinicians better understand children’s perspectives [22].
Sisom uses spoken text, sound, and animations to depict
symptomsthat are each represented by an animated scenewithin
1 of the 5 symptom islands (Figure 1).

Figure 1. The child-created avatar has the option to travel to 1 of the 5 islands depicted in Sisom with the help of the navigator, Mary.
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After first creating an Avatar, oneisthen prompted by the Sisom
Navigator Mary, the nurse, to indicate the presence and severity
of symptoms displayed by using a 5-point Likert-type scale.
Upon completion, Sisom generates a child-friendly symptom
report that can be shared with the family and clinicians[22,24].

To date, the development, redesign, validation, and evaluation
of Sisom demonstrate the ability of thistool to create a unique
environment to dlicit children’s perceptions of their condition
and engage them in their health care [22,23,25-28].

Objective

The aim of this study is to describe the experiences shared by
children with Ol when approached as experts in the co-design
of SsomOl, to further advance the prototype devel opment, and
to understand the children’s experiences.

Methods

Design and Setting

Following the approval of the institutional review board
(A06-B29-17B), a secondary analysis of qualitative data was
conducted [29]. The data sources consisted of interview
transcripts, drawings, field notes, and observations derived from
interviewing 12 children with Ol who participated in the study
aimed to develop the Ssom Ol paper prototype [13]. Both
studies were conducted at a university-affiliated, nonprofit,
pediatric, bilingual, orthopedic hospital in Montreal, Québec,
specialized in Ol care. On the basis of the average prevalence
rate of 2 Scandinavian studies[5,6] of 1in 11,600, we estimated
that there were 3190 individuals with Ol in Canada, of which
the study site has seen 576 children or 18.06% (576/3190) of
the population.

Participants

Purposive sampling was used to allow for maximum variation
in age, self-identified gender, and type of Ol for children.
Children were eligible for the study if they (1) were diagnosed
with any type of Ol, (2) were aged between 6 and 12 years, (3)
received health care at the study site, (4) had aconsenting parent
or legal guardian, and (5) spoke in either English or French.
Sisom was designed with and for children aged 6-12 years to
meet their varying cognitive and emotional capabilities [22].
Therefore, the age eigibility criterion was aligned with previous
Sisom studies and was limited to this age group. Older children
were excluded, asthey think and expressthemsel ves differently
than younger children [22,30]. Moreover, children aged =12
years, with enhanced readability, can use other tools [30,31].

The original study sample size estimate of 10-15 children and
5-10 clinicians was proposed based on leading experts
[13,32,33]. These sample estimates were also aligned with
previous Sisom studies with similar designs to successfully
develop the prototype [22,23], trandate [25], and establish the
usability of the tool [27]. Although other Sisom studies have
included larger samples, these studieswere quantitative (N=100)
[26] or a secondary analysis of 2 studies [25,34], which
explicitly increased the sample sizeto target the multiple disease
groupsinherent in oncology from multiple sites (n=39) [35]. In
this study, a secondary analysis of 12 interview transcripts was

https://pediatrics,jmir.org/2021/3/e22784
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deemed sufficient for investigation, asthe interviewswererich
in children’'s verbal expressions of experiences. Finally, data
saturation was reached, and a sense of closure was attained
because the data derived from our sources yielded redundant
information [36].

Recruitment

The children with Ol wererecruited by reaching out to clinicians
who assisted by identifying, screening, and approaching families
to determine if they were interested in hearing more about the
study [13]. One member of the study team was charged with
providing averbal and written explanation of the study to those
interested in obtaining written parental informed consent and
child assent [13].

Data Collection and Procedures

Datawere collected in the context of the participatory co-design
of the Ssom Ol paper prototype [13]. The early stages of the
co-design of the Ssom Ol paper prototype consisted of 3
feedback cycles with 2 to 6 semistructured, face-to-face,
individual child interviews per cycle [13]. The length of the
interview depended on the child's interest and varied from 20
to 60 minutes. It was the parent’s or legal guardian’s choice to
be present during the interview. During the co-design of Ssom
Ol, the children were prompted in several ways. First, Sisom
prompted the children both verbally, through the questions
Mary, the nurse, was asking, and visually, through the different
animations that appeared. Mary’s questions prompted the
children to share their experiences related to each symptom
being assessed. Second, the interviewer verbally prompted the
children to share and elaborate on their experiences when
prompted. The interviewer would either directly ask the child
aquestion or reflect something that the child shared in common
with other participants to prompt a response. These prompts
helped children to draw from their experiences to determine
whether the Sisom symptoms, vignettes, or avatarswererelevant
or irrelevant, needed to be modified, required new additions, or
remained unsure [13]. Third, if present, the parent or legal
guardian also prompted their children to share their experiences
(Multimedia Appendix 1). Field notes were recorded during
and immediately after each audio-recorded interview, which
included detailed descriptions of nonverbal data, other
observations, impressions, and any drawings generated.

Data Analysis

The interviews were transcribed and read through, along with
the field notes and observations taken by the interviewer and
the 6 drawings created by the children [13], to gain a global
picture of the data. A descriptive qualitative analysis was then
applied to identify themes and patterns identified in the data
sources [37]. First, open coding was performed diligently to
remain close to the original data. Second, code reduction or
clustering was performed to create categories and remove
redundant codes[37]. Third, axial coding was performed to find
the links between the main categories to generate overarching
themes and subthemes. Finaly, the original datawererevisited
to ensure that the child's experience was properly interpreted
and described [37]. Through this process, themes and subthemes
across the children’s responses were identified. For each theme
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and subtheme generated, various examples were used to methodological and analytical documentation, was kept,
highlight particular points within the children’s dialogue. permitting the reproducibility and transferability of the process.
Ongoing meetings with the research team were held to discuss

how to answer the research question, explore how thedatacould  Results

be best summarized, and check whether designated quotations
fit the proposed themes and subthemes. The selected French Sample Characteristics

quotes were subsequently translated into English. Throughout A total of 12 children participated in this study (Table 1). The
the entire process, an audit trail, composed primarily of participation rate was 92% (12/13). No child withdrew from

the study.
Table 1. Sample characteristics (n=12).
Characteristics Values
Age (years), mean (SD; range) 9(2;6-12)
Self-identified gender, n (%)
Boy 7 (58)
Girl 5(42)
Nationality, n (%)
Provincial (Québec) 5(42)
National (Canada) 3(25)
I nternational 4(33)
L anguages spoken at home, n (%)
English 4(33)
French 4(33)
Bilingual (English and French) 1(8)
Bilingual (English and other) 3(24)
Type of osteogenesisimperfecta, n (%)
I 4(33)
m 2(17)
v 5 (42)
VI 1(8)
Current fracture?, n (%)
Yes 5(42)
No 7(58)
Use of mobility devices, n (%)
Wheelchair 2(17)
Wheelchair and walker 4(33)
None 6 (50)
Reason for presence at the study site, n (%)
Physiotherapy and occupational therapy 6 (50)
Regular checkup 1(8)
Admission 4(34)
Other 1(8)

8Current fracture referred to whether the child was immobilized and recovering from a fracture at the time of interview.
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Child Interview Findings

Overview

Inthe co-design of SsomOl, different promptsallowed children
to open up about their experiences of life with Ol. These
prompts were from Sisom, the interviewer, and, if present, the
parent or legal guardian. The dynamic between the child and
their parent or legal guardian varied. Sometimes, the parent or

legal guardian answered directly for the child. In these cases,
the child would then agree, disagree, or remain silent. At other

Figure 2. The Sisom graphic that depicts the theme “ Relating to Others.”

Do you feel
different from
other children?

Do you
waonder what
others might

think of you?

O

Siedlikowski et al

times, the parent or legal guardian gave the child space to answer
on their own. The experiences shared in this analysis focused
explicitly on the children’s responses. Three themes and their
respective subthemes were identified (Multimedia Appendix
2).

Relating to Others

Children with Ol described how they saw themselvesin relation
to other children. They demonstrated that they were different
but also very similar to any other child (Figure 2).

Common Ol Experience

Children with Ol have adistinctive experiencethat unitesthem.
They al recognizetheir integral role within the Ol community.
Children used terms such as “Ol kids® [P5, 10 years old, type
IV Ol], “We" [P5, 10 years, typelV Ol], and “Us” [P7, 9 years
old, type Il1 Ol], showcasing this common Ol experience. One
child with an extensive Ol history used her experience to speak
on behalf of other members of the Ol community stating “Well,
Ol kids, we as, since I'm an Ol kid, [...] since | know..." [P5,
10 years old, type IV Ol]. Some children seemed to adopt
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advocacy roles. One child described how familieswith children
with Ol look out for one another. He explained how his mother
developed a break kit for other Ol families:

We had a friend that lived 45 minutes away from us
that had Ol and he broke and he has new parents,
like he's one year old, so they don't know how to
splint. So mum went over and splinted him so that's
how we thought of it! [P12, 10 yearsold, type |V Ol]

One child answered his questions about Sisom by thinking of
others:
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I think, we have to like, keep this because, some

people, it's hard [...]...Some people are impatient.

[P4, 8 yearsold, type IV Ol]
Another child put herself in others' shoes and remarked that
older children have more difficulty than younger children in
asking for help:

It's possible, when you're younger, that it doesn’t
bother you, but when you're older, it bothers you
more. It embarrasses you. You want to do everything
yourself...So there's a big difference. [P11, 11 years
old, typelV Ol]

One child advocated for the creation of Ssom Ol in other
languages so that it could be used by more children (P12, 10
yearsold, typelV Ol). All children showed profound empathy
for others with Ol in their responses. Those who were more
novice asked questions to the interviewer to understand the
experience of othersto answer Sisom’s prompts: “ Probably no
problem, but | never tried it though, by the way” [P6, 6 years
old, type | Ol]. Those who were more expert related their own
experience to how others might feel:

Sometimes people are, are so like, you don't know
what you want, but that happensto me sometimesand
sometimes people will cry because of that. Like me.
[P4, 8 yearsold, type IV Ol]

Feeling Different

Children were asked by Sisom if they felt different than other
children (Figure 2). They al responded that they did. One of
them stated matter-of-factly: “Ya...because other kids are
different than us” [P5, 10 years, type IV Ol]. They aso
expressed that feeling different affected their lives in several
ways. First, many of the children reflected that their differences
led to being bullied. One child expressed how her peersat school
teased her because she was different: “ They often say, let’s say,
that | don't run fast, and they laugh at me.” [P8, 7 years, type |
ol].

Second, they reflected that their differences led others to stare
at them, “the gaze of others’ [P3, 11 years, type IV Ol], which
they acutely sensed, and caused their worries about feeling
different to amplify. One child described how people gawked
at her when she went out to the restaurant: “It'sthat | often get
stared at, at the restaurant, and | find that unpleasant” [P3, 11
years old, type IV OI]. Other children described strangers
directly asking them questions about their bodies and having
to explain their condition to others. For some, this was
frustrating. In contrast, 1 participant did not let these types of
guestions hold her back from sharing knowledge with others
about her condition:

| just tell them to “ Be careful! Because | could get
hurt more easily than you.” | remember that there
was someone that told me at Burger King: “ Why are
you more fragile than others?” | just explained to
him that “Well, | have an illness, so my bones are
more fragile and that if | fall it could break me..
and he was like “ Ah..” Because [...] he kind of
bumped into me. [P11, 11 yearsold, type |V OI]
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Third, they reflected that their differences led others to treat
them differently. One child described how others were afraid
to break her bones and that she was ostracized on adaily basis:

| feel very lonely. No one wants to play with me
because of my illness. [P8, 7 years old, type | Ol]

Other children expressed that people’'s perceptions of the
hardships of living with Ol were overexaggerated. One child
recounted the story of a stranger who wanted to give her ahug
because she felt pity for her [P3, 11 years old, type IV Ol].
Another child reflected on how he felt when his mother was
overprotective of him;

That's annoying! | hate that. Be careful! You might
get hurt. [P7, 9 years old, type Il OI]

However, 2 children viewed being different as positive, stating:

Everybody's different [P4, 8 years old, type IV Ol]

Being different from other kidsis a good thing. Like,
for example, | think that because I’ min a wheel chair,
| can do thingsthat other kids can’t do, and that, that
part’s a good thing. [P5, 10 years old, type IV Ol]

Feeling Just Like Others

All children demonstrated that they were more similar to others
than they were different. The children shared their desires,
wishes, and preferencesjust as any other child would. The goal
was to engage children in the co-design of the Sisom Ol paper
prototype; however, Ol was sometimes left out of the
conversation altogether by the participants. For instance, when
1 child was asked what makes them feel different from other
children, they commented on their age. When asked if there
was anything else, they stated, “That’s it” [P10, 9 years old,
type VI Ol]. Every interview included children laughing,
playing, and sharing, just as any other child would.

They shared things about themselves that they found special,
such as their likes: “We all love unicorns!” [P6, 6 years old,
typel Ol]; their dreams:. “1 want to be avet.” [P5, 10 yearsold,
type IV Ol]; and their hobbies:

| ama HUGE Harry Potter fan! | am at the 5th book.
[P7,9yearsold, typelll OI]

One child, by having people get to know her, showed others
that she was more than just an Ol kid:

They just don't know me yet. So like, [...] if afriend
was there, then they wouldn’t look at me like that,
cause they’d know that it's my, | have a condition...
[P5, 10 yearsold, type IV Ol]

This child suggested the creation of a Sisomisland called About
Mein which children could share what was unique about them.
This child aso emphasized that the avatar they create of
themselves within Ssom Ol be as redlistic as possible. This
view was shared by all participants: “You would like [...] that
it looks the most like you...” [P7, 9 years old, type Il Ol] so
that “ You could see yourself...Through acomputer technological
program” [P4, 8 years old, type IV Ol]. Many of the children
had fun creating their avatars and customizing them:

Ya, | like the color on that one! [P9, 6 yearsold, type
I Ol]

IMIR Pediatr Parent 2021 | vol. 4 | iss. 3 |e22784 | p.16
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

I'd like to put some shoes | like to wear. | got light
up shoes but I’'m not wearing them now... [P10, 9
yearsold, type VI Ol]

Many of the children reflected how they were the same as
everyone else by normalizing their symptoms, stating:

Everyone's gonna fed like that, right? [P7, 9 years
old, typelll OI]
It's pretty much [ like that for] everyone. [P3, 11 years
old, typelV Ol]

They often described how they felt the sameway othersfelt and
shared many of the same experiences. Similarly, when 1 child
was asked about her nightmares, she answered:

| have more nightmares about like clownsand animals
and stuff... That' swhat scaresme. Not really surgeries.
[P11, 11 yearsold, type IV Ol]

Siedlikowski et al

The same participant explained how she adapts her situation to
be able to participate in events just like any other child. For
instance, she takes her wheelchair out to go “trick-or-treating”
to make the most of it:

For example, Halloween, | would never do that with
my walker! | would never be able! [...] By thetimel
get there wouldn’'t be any candy left! [P11, 11 years
old, typelV Ol]

Relating to Their Condition

Overview

In Relating to Their Condition, children described their positive
and negativeinteractionswith their own condition and the health
care system (Figure 3).

Figure 3. The Sisom graphics that depict the theme “ Relating to Their Condition.”
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An example of a child’s quote on Relating to Their Condition
isasfollows:

The problem with Ol is not how you look, it's like,
how you feel...is there any pain? Suff like that! Not
how you look! This is actually...That's what makes
senseto me. [P4, 8 yearsold, type IV Ol]

Understanding Their Condition

Each child interviewed had a thorough understanding of their
Ol. The depth of their knowledge seemed to correlate with the
breadth of their experiences within the health care system.
Children who were older with more severe Ol had more
extensive experiences with treatments, procedures, and the
hospital overall. Within our sample, children ranged from
knowing the general principles and basics of Ol to being very
informed and involved in their own health.

Some children only had rudimentary knowledge. One child was
asked about her experience with Ol. She simply replied:

No, | don't know that [OI] [...] | come hereto get my
bones |ooked at. [P6, 6 years old, type | OI]

Similarly, another child, when asked about Ol, stated:

What isthat?...I have brittle boneslike | can just hit
[...] something and [...] get hurt. [P10, 9 years old,
type VI OI]

Most children understood that their condition was a hereditary
genetic disorder that affected their bones and caused pain. One
child described it as, “Having pain in my bones’ and “For
example, | could have had brothers and little sisters with this
disease” [P8, 7 yearsold, type | OI].

In contrast, one child knew the names of many of his bones,
medications, and their indications aswell asthe pathophysiology
of Ol:

Thisarm, beforeit was operated, it waslike a banana.
[...] And it was because, my muscles, they're fine.
But, it's that, they pulled on my bone, since my bone
islike, so much likerubber, it like, weep [ sound] . [P7,
9vyearsold, typelll OI]

One child even described her disease in a metaphor to be able
to help others understand:

Because, the Ol s, they say “ bones of glass” So maybe
[we could show] a glassthat isbroken. [P11, 11 years
old, typelV Ol]

The way in which these children interpreted and related their
experiences with Ol to others seemed to depend on their level
of involvement with their own health. However, each child
chose a similar way of expressing what it meant to have Ol to
them by physically showing where they had pain (P8, 6 years
old, type | Ql), discomfort (P3, 11 years old, type IV of Ol),
and surgical scars (P7, 9 years old, type Il Ol). One child got
up on achair to show from what height she might need to fall
to break abone (P6, 6 yearsold, typel Ol). Ancther child, when
approached about how he felt about his appearance, stated:

The problem with Ol is not how you look, it's like,
how you feel...is there any pain? Suff like that! Not

https://pediatrics,jmir.org/2021/3/e22784
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how you look! This is actually...That's what makes
senseto me. [P4, 8 yearsold, type IV Ol]

Special Relationship With the Hospital

Children with OI reported spending significant amounts of time
in the hospital. As put positively by 1 child, “ Sometimes | say
the hospital and | are friends cause Ol kids, we go to hospital
alot, for check-ups and stuff” [P5, 10 years old, type IV Ol].
Children described many long and boring days in the hospital.
One child expressed:

...Some patientswith surgeries, they like...I don’'t know
they like, get bored, in the, sitting in the room in a
bed all day long. [P4, 8 yearsold, type IV Ol]

Another child described the dread of staying overnight:

Mostly | am scared of having pain when | turn,...I am
scared of spending a bad night after my surgery[...]
It's cause you never know [...] if you'll sleep, if you
won't sleep... [P11, 11 years old, type IV Ol]

Children also missed their home, family, and friends. One child
expressed not liking her treatments at the hospital because of
“The fact that I'm far away from my sisters’ [P8, 7 years old,
typel Ol]. Anacther child described missing home during along
stay after her spinal surgery:

We stayed there for a like along time. Like one week,
and | got sooo homesick. | missed like the city, the
hustle and bustle, | missed my friends. [P5, 10 years
old, typelV Ol]

It was also common for children to travel from great distances
to receive treatment, asit was for one child, whose mother had
to stay home, in another province:

Whenever | call moml starttocry|...] Shecan’'t come
here cause she has to work. [P6, 6 years old, type |
ol]

The hospital became somewhat of a home for many of these
children who had formed a specia relationship with the space
and staff. For example, 1 child described his experience in the
playroom:

Back when we had surgery, here, we always loved to

gototheplayroom|...] Thevolunteers, | actuallylike

the volunteers, like | made a friend [and...] we made

a made-up movie together. [P4, 8 years old, type IV

ol
This specia relationship aso extended to the physicians, in
whom the children placed alot of trust to help them get better.
One child described her fear of dying during surgery and that
she placed trust in her physicians to help her through:

| trust doctors...cause they want to help me feel better.
[...] Surgeons, yeah. [P5, 10 yearsold, type 1V Ol]
Difficult Treatments and Procedures

Children described having to undergo countless unpleasant and
painful procedures. When asked about medications, almost all
the children expressed that they tasted horrible:

Blerrrk! [P8, 7 yearsald, type| OI]
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...sometimes when | eat medicine, my taste buds are
screaming at me like “WHY ARE YOU EATING
THIS?" [P5, 10 yearsold, typelV Ol]

Another common and dreadful experience was having to
undergo surgery. One child enumerated 3 different reasons for
requiring surgery because of Ol, including coxa vara repair,
scoliosis repair, and rerodding. She described her experience
with surgeries:

| have a lot of surgeries, when you have surgeries
and you fall asleep for the first time, it's like very
difficult, cause| seealot of nightmares. [P5, 10 years
old, typelV Ol]

It was something that she had a lot of experience with and to
which she was now getting accustomed. This was similar to
another child who showed off the many scars from a number
of different surgeries [P7, 9 years old, type IV Ol]. Another
child emphasized how often he had surgeries:

Sometimes like, if | get hurt and | hear my leg crack
[..]. They goin, and then, if | didn't have a rod in,
they put arod in, and that’s how they do it...I did this
MANY times. [P10, 9 years old, type VI Ol]

Children not only expressed that they felt discomfort during
hospital procedures but also shared their pridein having gotten
used to certain painful procedures. One child described being
“Brave for everything” and doing a “Good job” by not crying

Siedlikowski et al

during painful procedures, which she described as “another
unhappy task” [P6, 6 years old, type | Ol]. Another child
justified his painful experiences with their purpose:

IVs[intravenous accesses| are, they’regood. But like,
so likeyou could have medicine...But, thenagain 1Vs
do hurt abit. But, they’re good so...[P4, 8 years old,
typelV Ol]

In addition, the children reflected that tolerating pain came with
experience. One child reflected on how he had come so far:

Not a problem, for shots, for me...It'sbeen along...At
the beginning | couldn't... [P7, 9 years old, type 11
ol]

Reflecting on Capabilities

Overview

By reflecting on their capabilities, children were ableto identify
some of their strengths and weaknesses (Figure 4).

An example of a child’'s quote on Overcoming Isolation is as
follows:

| do not like playing outside [alone] because
everybody excludes me. [...] | like playing outside
even though | have this condition, because | have
many friends at school. [P7, 9 years old, type I11 Ol]

Figure 4. The Sisom graphics that depict the theme “ Reflecting on Capabilities’ and the subtheme “Overcoming Isolation.”
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some children, this activity was eating. Some described not
being able to eat tasty foods that were “Like, let's say, sticky
things...and thingsthat aretoo hard” [P8, 7 yearsold, typel Ol]
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and “like [...] bars, for example, | can no longer have them...”
[P3, 11 years, typelV Ol] because of an orthodontic mouthpiece
they were required to wear for their Ol. One child explained
that Ol prevented her from playing with her friends:

Like for example...there, like, in my school yard,
there'slikeabig dide[...] where you climb up high,
it's like twisty. [...] so whenever | see them, my
friends, they're going down the dlide, they’re having
so much fun, it'slike, | can’t doit. [P5, 10 years old,
typelV OI]

Another explained that his Ol led to fracturesthat required him
to wear a cast for healing. During this period, he was not able
to play sportswith hisfriends[P7, 9 yearsold, typelll Ol]. This
sentiment was echoed by another child who drew a picture to
show how it felt to be excluded because of an injury:

Like, if he's looking at his cast, and his friends are

outside playing street hockey...He'sin hisroom [...]

It affects you to watch your friends play and you have

to stay inside doing nothing. [P11, 11 yearsold, type

IV OI]
Children also expressed how their perceived limitations may
affect their future endeavors. One child expressed her desire to
be a good dancer but that this was difficult because of the way
her Ol affected her bones. She reflected:

Well, cause, I...I just wanna be a good dancer, and
like, I wanna have strong bones...[P6, 6 years old,
typel OI]

Another child stated that it would be important to include the
question “Are you afraid that your handicap will prevent you
from doing what you really want in life?’ [P11, 11 years old,
type IV Ol] in Sisom Ol. She explained how a person with Ol
may want to become a police officer but would have to settle
for working in the office answering phonesinstead of being out
inthefield.

Some children aso reflected on what their lives might have
been like without OIl. One recounted her daydreams and how
she would “Go to any place [...] hang out with [her] friends
alone, [...] help[her] momaloat, [...and] goaround|...] to places
with [her] dad” [P5, 10 yearsold, type IV Ol]. Shereflected on
needing help for some activities for which she was dependent
on others. She aso asserted her independence for other tasks.
Most of the other children reported a similar balance.

Overcoming | solation

Ideas of feeling left out were expressed by all children. When
prompted by Sisom “Do you ever feel left out?’ children
answered:

Alot, because, because no one, almost no one, wants
to be with me because of my disease. [P8, 7 yearsold,
typel OI]

Sometimes, [...] cause sometimes kids, they don't
wanna play with you, or, because of your condition
they don’'t wanna talk to you... [P5, 10 yearsold, type
IV OlI]
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They overcame these feelings by finding independent activities
and excelling in other areas, escaping through imagination,
having good friends, and thinking positively.

First, the children asserted their independence in several areas
such as reading and journaling and taking time for themselves
to be alone: “1 want to write something on here!” [P9, 6 years
old, type Il OI]. One child described how she turned to nature
when her sister did not want to play with her: “So | just go
outside and sit behind one of my trees’ [P6, 6 yearsold, type |
Ol]. Another child described how while she was dependent on
others in some areas, she was determined to find ways to
maintain her independence:

When I’mat school, | have an aid, but she doesn’t go

in the bathroom with me, she just holds the door in

casel fall [...] I domythings, and | leave. Shedoesn’t

comeinwith me, | do it all by myself. [P11, 11 years

old, typelV Ol]
Second, building and maintaining strong friendships helped
children overcome the feeling of being left out. One child
referred to her pets when she reflected that “at least | have
friends’ [P8, 7 years old, type | Ol]. Another explained that
good friends made feelings of exclusion tolerable:

| do not like playing outside [alone] because
everybody excludes me. [...] | like playing outside
even though | have this condition, because | have
many friends at school. [P7, 9 years old, type |11 Ol]

One child reflected how she did not feel bad when her friends
played without her at recess but always appreciated the time
that they spent with her:

They climb the spider webs, and all those things, and
me, | couldn’t do them, so | stayed sitting at the table
with my friends and we talked...Sometimes they left
and they came back...To have fun a bit [...] | wasn’t
going to prevent them from doing everything and say:
“ No you stay with me because | can't doit” [Laughs].
[P11, 11 yearsold, type 1V Ol]

Third, they used their imagination to escape to different worlds
by making up “a game like BOOM” [P7, 9 years old, type lll
Ol], having an “imaginary friend” [P7, 9 yearsold, typelll Ol],
imagining a “candy world, [...] a land full of candy and
unicorns’ [P6, 6 yearsold, typel Ol], and “ daydream[ing] about
[the] future[...] working with animals’ [P5, 10 years old, type
IV Ol]. Positive thinking was implicit in the attitudes of all
children. One child embraced this philosophy when she
explicitly stated:

Asa person, you always haveto think positive. Cause
if you think about the negative, then you'll seelifein
a bad way. But lifeis not as bad as you think. [P5, 10
yearsold, type IV Ol]

Celebrating Strengths

All the children experienced feelings of otherness, exclusion,
and physical limitations, but they also celebrated their strengths
and asserted their independencein variousways. Children were
excited about their mobility improvements:
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I am quickly learning how to walk. [P8, 7 years old,
typel OI]

[running], that's the next step. [P7, 9 years old, type
11 ol

Some expressed confidence and pride in their current mobility
status:

I’man expert driver with my wheelchair! [P4, 8 years
old, typelV Ol]

You know, | go really fast in my wheelchair. [P3, 11
yearsold, type IV Ol]

This confidence allowed them to attend special eventsand show
off their skills. One child participated in special Paralympic
tournaments: “I won[...] | got three gold medals’ [P3, 11 years,
type IV Ol]. She also played soccer at her specialized school,
where she felt comfortable being herself.

Another child also played soccer and hockey with his friends
[P7,9yearsold, typelll Ol]. These adapted environmentswere
important contributors in reinforcing feelings of inclusion and
value.

The children also celebrated their academic accomplishments.
They highlighted how well they do in school: “I’m one of the
best readersin my class!” [P12, 10 yearsold, type IV Ol]. The
children described their accomplishments with pride and
confidence. One child explained how shewas ableto excel even
in an accelerated program:

| am in the intensive stream [...] So | do my sixth
gradein six months...[ Actually] five months! [...] So
| have to go quickly! It's like I’ ve become a model!
[P11, 11 yearsold, type 1V Ol]

Finally, children with Ol seemed to truly look out for one
another. Their involvement in this study reflected kinship. Many
participants understood the research implications for other
children with Ol. They highlighted the importance of including
“everybody’sideas, everybody’s advice” [P7, 9 yearsold, type
[11 Ol and hoped:

that kids will love it! Cause, we need to expressit in
away that the public will loveit [...] Sowe can make
money and we can help thisdisease! [P4, 8 yearsold,
typelV Ol]

Thiskinship was further exemplified by one child who was very
implicated in fundraising for Ol. She made it a point to
encourage other children with Ol to keep their heads high:

From my point of view, Ol kids, they don’t think that
they're [...] awesome. [...] But you are awesome. |
sometimes tell Ol kids that, cause like, most of the
ones that | know, they're like young, like five or six,
[...] Soltell themthat: “ You are awesome, cause you
went through so much, and you're so little!” [P5, 10
yearsold, type IV OI]

Not only did she celebrate her own strengths, but she also
encouraged othersto find their strengths and celebrate them.
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Discussion

Principal Findings

Efforts to authentically listen and bring to light what children
with Ol shared when approached as experts in their condition
was made possible by conducting a secondary analysis of
qualitative data sources collected for the co-design of the Ssom
Ol paper prototype [13]. This study demonstrates, as shown in
other recent findings, that children who use Sisom are prompted
to sharetheir experiences[25,27]. Through the analysis of their
dialogue, 3 themeswereidentified. Thefirst, Relating to Others,
described the balance between feeling different versus feeling
similar to other children. The subthemes were Common Ol
Experience, Feeling Different, and Feeling Just Like Others.
The second, Relating to Their Condition, described children’s
positive and negative interactions with their own condition and
the hedlth care system. The subthemes were Understanding
Their Condition, Special Relationship with the Hospital, and
Difficult Treatments and Procedures. The third, Reflecting on
Capabilities, described children’srecognition of their strengths
and limitations. The subthemes were Perceiving Limitations,
Overcoming Isolation, and Celebrating Srengths.

Children with Ol had a unique way of maintaining balance in
their lives. This was demonstrated through all three of the
themes. First, in Relating to Others, children described abalance
between feeling different and feeling similar to other children.
They also expressed a concern about the perception of others.
This has previously been described in other studies of children
with Ol [8,38]. An important way that children with Ol
overcame this feeling of otherness was through building
relationships with other children and clinicians in the Ol
community [8,39]. Another way children navigated between
feeling different and feeling similar to other children was by
sharing with others the special things that defined them and by
participating in activities with other children as best as they
could. This helpful strategy has been described in other
populations of children with chronic conditions [17,40].

Second, in Relating to Their Condition, children described a
bal ance between the positive and negative aspects of living with
Ol. Children’sdepth of understanding and moral awareness can
range from rich sophistication to simplistic matter-of-factness
[20]. Children are capable of such awareness, and their voice
should be attended to without comparison with the adult
perspective [20]. Indeed, in the data, there was awide range of
depth in the understanding of OI. All children were ableto share
what it meant to have Ol. Being in the hospital was an
experience that was painful, with numerous unpleasant
procedures including surgeries, needle pricks, and extended
hospitalizations. The fear of needles was encountered by
children living with Ol in this study as well as others [8,38].
Tolerating pain and getting used to painful procedures was
something that children with Ol have expressed in other studies
[38]. This idea of getting used to pain was expressed by the
children asaproud adaptation to adifficult aspect of living with
Ol. Another way that children overcame the negative aspects
of being hospitalized was by reflecting on the positive
relationshipsthey had devel oped with clinicians and volunteers,
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which other children have reported [18,41]. It has been shown
previously that children with Ol form special relationshipswith
people who understand OlI, for instance, their physicians [8].

Finaly, in Reflecting on Capabilities, children described a
balance between perceiving their limitations and celebrating
their strengths. Feeling left out because of the fear of fractures
or physical limitations was a major element of this theme and
has been explored in other studies [8,38,42]. Despite the
presence of this feeling, children with Ol have been found to
have an immensely positive and strength-based outlook on life
[8,39,42]. Our study showed 1 way that these children embraced
positivity was to constantly strive to improve themselves
physically and academically. This concept of astrong desireto
move forward was supported by other studies; however, these
studies also showed that children with Ol held back due to the
fear of pushing too hard and fracturing [8,39]. Children’s
perception of these physical limitations propelled them to take
on and excel in their intellectual feats [8]. Interestingly, our
study showed that, given the right environment and support,
children with Ol are also capable of excelling in physical feats.
These children are taking life in stride and using their positive
outlook to overcome feeling different and feeling left out and
making the best of every day [42].

Sisom may contribute to transforming a child’s place into a
child’s space [13] by inviting children to participate in their
care [28] and showcasing how they can serve as advisors and
partners in their care [21]. Sisom allows for the promotion of
discussions about what children deem the most important. This
essential information may help clinicians enhance children’s
participation in their own care and ultimately empower them
to cope with the difficult physical, mental, and social challenges
they face. However, Ssom Ol isyet to be devel oped, tested, or
integrated into practice. Therefore, these study findings offer
only preliminary insight into the types of discussions that may
unfold from the future use of Ssom Ol in practice. As Ol
remains arare disease with few clinicians encountering a child
with Ol over the course of their career, there may be some
reluctance to use Sisom. Offering training and delineating
potential responses to children’s expressed concerns may help
integrate this novel, interactive, computerized tool into practice
and contribute to the transformation of children’srightful space
in their health care systems[28,35].

In this study, the partnership created between the interviewer
and the child successfully dlicited and highlighted the child’'s
perspective, placing the child in the center of their experience.
These children had many thingsto share about their experience,
asnoted by other chronically ill children[43]. Although parental
involvement, at times, made it difficult for the child to take the
lead, our approach revealed the child’'s perspective. Parents
highlighted the things with which children did not necessarily
agree. These differences in perspective have been reported in
previous studies [15,16]. Sisom’s ability to highlight such
differencesis considered a key feature, asit strivesto promote
communication between children and adults so that they may
engage in shared decision-making.
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Limitations

The children in this study were prompted to give their opinion
on Sisom to co-design Sisom Ol. Therefore, they were not
directly prompted to sharetheir Ol experiences, unless prompted
by the interviewer. The questions posed in Sisom were not
tailored to specifically capture the experiences of children with
Ol. This may have led to significant data gaps. Future studies
should be conducted to specifically aim to understand children’s
perspective on their OI.

Furthermore, the involvement of parents and legal guardiansin
the interviews had, in some cases, a muting effect on the child.
Instead of giving space for their child to answer the questions
independently, sometook it upon themselvesto answer for their
child. In some cases, this prompted the child to express their
feelings and share their experiences, whereas in other cases,
this caused the child’s voice to be lost. Further studies should
consider how to highlight the child's voice by emphasizing on
the child’'s answers and constantly reemphasizing the purpose
of the study to the parents involved.

Clinical Implications

This study highlights the richness of the experiences shared by
children who are approached as expertsin their own condition.
These children had valuable information and insights to share
regarding their day-to-day lives and the factors in their lives
that both hinder their development and support their endeavors.
The study findings offered a glimpse of what it means to grow
up living with Ol but also showcased a novel approach to gain
their perspective. The children’s inputs will be further used to
advance the development of Ssom Ol and our overal
approaches to offer care that responds directly to their needs
and empower them to be active partnersin their care.

Resear ch Implications

The study findingswill be aso used to inform the development,
verification, validation, and evaluation of Ssom Ol to ensure
that meaningful aspects of life with Ol are included in the app
and attended to in practice. At present, the Ssom Ol paper
prototype has been developed [13]. Although many of the
existing Sisom symptoms were deemed relevant for inclusion
in the Ssom Ol paper prototype, 57 new symptoms were
generated. Therelevant symptoms addressed children’sthoughts
and feelings about hospitalization and their wishes for
participation in their own care. The new symptoms addressed
fractures, body image, and social isolation related to difficulties
with accessibility and intimidation. Therefore, these findings,
in addition to the themes identified in this study, will be used
to inform the next phase of Sisom Ol development with end
user partnerships, stakeholder buy-in, and the necessary funding.
We expect to build the prototype; test for usability; pilot for
feasibility; and evaluate the integration of Ssom Ol into the
hospital, home, and schoal settings.

Conclusions

This co-design process provided children with Ol the space to
not only contribute to the development of the end product but
also to eloquently describe their experiences. These findings,
based on the description given by the children themsel ves, offer
us aunique understanding of what it meansto grow up with Ol.
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Abstract

Background: Effectively scaled-up physical activity interventions are urgently needed to address the high prevalence of physical
inactivity. To facilitate scale-up of an efficacious school-based physical activity program (Physical Activity 4 Everyone [ PA4EL]),
provision of implementation support to physical education (PE) teachers was adapted from face-to-face and paper-based delivery
modes to partial delivery via a website. A lack of engagement (usage and subjective experience) with digital delivery modes,
including websites, may in part explain the typical reduction in effectiveness of scaled-up interventions that use digital delivery
modes. A process evaluation focused on the PA4E1 website was undertaken.

Objective: The 2 objectives were to (1) describe the usage of the PA4EL program website by in-school champions (PE teachers
leading the program within their schools) and PE teachers using quantitative methods; (2) examine the usage, subjective experience,
and usability of the PA4E1 program website from the perspective of in-school champions using mixed methods.

Methods: The first objective used website usage data collected across all users (n=273) throughout the 9 school terms of the
PA4E1 implementation support. The 4 usage measures were sessions, page views, average session duration, and downloads.
Descriptive statistics were cal culated and explored across the duration of the 26-month program. The second objective used mixed
methods, triangul ating data from the first objective with data from athink-aloud survey and usability test completed by in-school
champions (n=13) at 12 months. Qualitative datawere analyzed thematically alongside descriptive statistics from the quantitative
data in atriangulation matrix, generating cross-cutting themes using the “following athread” approach.

Results: For the first objective, in-school champions averaged 48.0 sessions per user, PE teachers 5.8 sessions. PE teacher
sessions were of longer duration (10.5 vs 7.6 minutes) and included more page views (5.4 vs 3.4). The results from the mixed
methods analysis for the second objective found 9 themes and 2 meta-themes. The first meta-theme indicated that the website
was an acceptable and appropriate delivery mode, and usability of the website was high. The second meta-theme found that the
website content was acceptable and appropriate, and identified specific suggestions for improvement.

Conclusions; Digital health interventions targeting physical activity often experience issues of lack of user engagement. By
contrast, the findings from both the quantitative and mixed methods analyses indicate high usage and overall acceptability and
appropriateness of the PA4E1 website to school teachers. The findings support the value of the website within a multidelivery
mode implementation intervention to support school s to implement physical activity promoting practices. The analysisidentified
suggested intervention refinements, which may be adopted for future iterations and further scale-up of the PA4E1 program.
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Introduction

Background

Asmuch as 1in 4 (25%) adults and 4 in 5 (80%) adolescents
do not meet the global recommendations for aerobic exercise
and aretherefore at increased risk of noncommuni cabl e diseases
and premature mortality [1,2]. Scalable programs with proven
effectivenessare urgently needed to increase popul ation physical
activity, including those in the school setting, asoutlined in the
Global Action Plan on Physical Activity 2018-2030 [3].

Many efficacious health interventions exist [4], but scaling-up
efficaciousinterventionswith proven health benefitsisimportant
to ensure the population health benefit of such interventions
can be realized [5]. Digital delivery modes are often used to
facilitate scale-up of efficacious interventions, asthey have the
potential to achieve considerable reach at relatively low cost
compared with traditional modes of program delivery [4]. A
recent systematic review of scaled-up trials of obesity-prevention
interventions found that the main adaptations to interventions
tofacilitate their scale-up were changesin the modes of delivery
[4]. Specifically, websites or other digital delivery modes were
commonly added or replaced face-to-face components, for
example, to provide program resources and training for teachers
or cliniciansin program delivery [4]. Research examining digital
delivery modes such as websites, however, often report poor
usage and engagement with such technologies [6-8].

A lack of engagement with digital technologies[4] may, in part,
explain the modest impact of physical activity interventions
that have relied on such technol ogiesto support popul ation-wide
scale-up [4,6,9]. A recent meta-analysis of digital health
interventionstargeting physical activity found that higher usage
engagement is associated with targeted behavior changes [10].
Perski et a [9] have conceptualized engagement with digital
health interventionsto include both amount, duration and depth
of usage, and user subjective experience, characterized by
attention, interest, and affect [9]. Systematic reviews of the
human—computer interaction literature suggest that good
usability (ie, functionality and efficiency of the digital
application) and subjective experience engagement (ie, users
attention, interest, and affect) areimportant drivers of reducing
attrition and increasing usage of digital applications[9,11].

Process evaluations are recommended as part of comprehensive
evauations of al randomized trials to aid the interpretation of
trial findings and to better understand and explain why an
intervention has or has not worked [12]. Process evaluations
may be particularly important as part of trials of interventions
that have been scaled-up, given the limited research and insight
scientists currently have regarding scale-up processes. However,

https://pediatrics.,jmir.org/2021/3/e26690

detailed process evaluations are seldom undertaken. For
example, a recent systematic review of school-based physical
activity interventions found that just 4 of the 17 trialsincluded
in the review had conducted a process evaluation [13]. Further,
of those undertaken in the secondary school setting, few have
used mixed methods [14-17] and many have focused on a
narrow range of quantitative process outcomes (eg, fidelity,
reach, dose) [18-21]. Perhaps most importantly for those
interested in the application of digital technologies to support
scale-up, none of the trials identified in the review [4], or in
reviews of the scale-up literature generally, have undertaken a
process eval uation examining the key dimensions of subjective
experience and usage of digital components employed to deliver
implementation support strategies.

Given the lack of process evaluations focused on the digital
ddivery mode of interventions utilizing multiple delivery modes,
this study sought to address this evidence gap by conducting a
process evaluation of the digital delivery mode used to support
scale-up of an effective health intervention. This study addresses
the scale-up of Physical Activity 4 Everyone (PA4El), a
secondary school—based physical activity program that included
a website to support the delivery of implementation support
strategies to school teachers (physical education [PE] teachers
and in-school champions [PE teachers leading the program
within their schools]). The objectives of this study are below,
followed by an overview of the PA4E1 program and evaluation
trials, which provide more detailed context for this study.

1. To describe the usage of the PA4EL program website by
in-school champions and PE teachers using quantitative
methods.

2. Examinethe usage, subjective experience, and usability of
the PA4AEL1 program website from the perspective of
in-school champions using mixed methods.

Physical Activity 4 Everyone (PA4EL)

School practices, programs, and policies can support adol escents
to be physically active and are recommended by the World
Health Organization and governments internationally through
whole-school approaches [3,22-24]. One school program that
has been shown to assist schools (PE teachers, principals) to
support their students to become more physically active is
PA4EL [25-27].

PA4E1 Prescale: Efficacy Trial

PA4E1l was first trided from 2012 to 2014 as a 2-year
randomized controlled efficacy tria in low-socioeconomic
Australian secondary schools [25]. PA4E1 had positive effects
on student physical activity and unhealthy weight gain [25-31].
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The PA4E1 program consisted of 7 physical activity practices,
and 6 implementation support strategies.

PA4E1 Postscale (This Study): Typelll Hybrid
I mplementation—Effectiveness Trial

The program was scal ed-up for delivery in more schools across
a larger geographic area, utilizing a website optimized for
desktop, mobile, and tablet devices, to support the delivery of
implementation support strategies to schools. The PA4EL
scale-uptrial wasatypelll hybrid implementati on—effectiveness
cluster randomized controlled trial [29]. The trial involved 49
schools, 24 alocated to the program (intervention) group. An
outline of the logic for thistrial is shown in Figure 1. Program
schools were offered 7 implementation support strategies to
support their adoption of 7 physicd activity practices, supporting
school students to become more physicaly active. Details of
the physical activity practices and implementation support
strategies (as well as additional information on the timing of
the implementation support strategies) are provided in
Multimedia Appendix 1. Adaptations for scale-up were made
to both the physical activity practices and the implementation
support strategies, asdetailed el sewhere[29]. The main change
relevant to this study was the introduction of a digital delivery

Mclaughlin et al

mode, awebsite, for the provision of program implementation
support. Multimedia Appendix 1 (Table S1) shows how the
website was used within the 7 implementation support strategies
(n=23 substrategies). To summarize, a password-protected
program website repl aced face-to-face and paper-based delivery
modes to part-deliver teacher professiona learning to all PE
teachers in participating schools; provide program resources
for in-school champions and PE teachers; prompt in-school
champions and PE teachers to implement PA4E1; monitor
schools' performance on meeting practice implementation
milestones in each school term via an in-school
champion—completed termly survey; and provide feedback to
school stakeholders (in-school champions, principals) based on
their termly survey results [25,29].

The primary trial outcome was uptake of physical activity
practices by schools at study midpoint (12 months) and 24
months. At 12 months the trial’s primary outcome (proportion
of schools adopting at least four of the seven physical activity
practices) was significant, with more schools implementing 4
of the 7 practices in the program group (16/24, 67%) than in
the control group (1/25, 4%; P<.001) [32]. Further process
evaluation outcomes will be reported elsewhere, in line with
the process eval uation protocol [28].

Figurel. The PA4E1 scale-up trial logic model, expanded from [28]. PA4EL: Physical Activity 4 Everyone.

7 Implementation Support Strategies

Executive support, in-school champion, support officer, professional learning, resources,
prompts, performance monitoring and feedback

Delivered to schools via:

Multiple Delivery Modes

Website, face-to-face workshops, face-to-face school visits, phone, email

For schools to embed:

7 Physical Activity Practices

Quality physical education, student physical activity plans, enhanced school sport program,
recess activities, school physical activity policy, community links, parent links

Process Evaluation

Methods

The methods are reported by objective.

Objective 1: Describethe Usage of the PA4E1 Program
Website by In-School Champions and PE Teachers
Using Quantitative M ethods

Sampling
Usage data were tracked for the entire study period (October
2017 to December 2019; 9 school terms) for all users of the

https://pediatrics.,jmir.org/2021/3/e26690

RenderX

Measure Hybrid Implementation-Effectiveness Outcomes
Implementation of 7 practices, student physical activity and adiposity

PA4E1 website who had aregistered account with the program
website, including in-school champions, PE teachers, principals,
school administration staff, and nonschool staff (support officers
and the PA4EL research team). At the start of the program, all
users were provided aregistration link viaemail to register for
thewebsite. During the program, new school staff were provided
alink to register for the website.

Data Collection
Usage datawere collected viaGoogle Analytics throughout the
9 terms of the program (26 months, October 9, 2017, to
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December 20, 2019). Prior to March 29, 2018 (term 3), data
could not be analyzed by website user type; only overall usage
could be captured. In order to further understand the different
typesof users, a“custom view” wasappliedin Google Analytics
from this date to prospectively segregate different school user
types (ie, in-school champions, PE teachers).

Textbox 1. Variables tracked using Google Analytics.

Mclaughlin et al

Measures

The post hoc analysis method described by the Analyzing and
M easuring Usage and Engagement Data (AMUSED) framework
[33] was used to guide the selection of usage variablesto report
(Multimedia Appendix 2). Google Analytics was used to track
4 variables for the entire study period (Textbox 1).

Sessions

Page Views

Aver age Session Duration

Downloads

counted as a download.

Similar to a“login,” sessions are defined as a group of user interactions (eg, page views, downloads) that occur within a single period, specifically a
session ends after 30 minutes of inactivity or if users leave and revisit the website. Sessions were chosen as a better measure than “logins” for the
PA4E1 website as users remained logged in for arolling period of 30 days, whereby users were only logged out following 30 days of inactivity.

Page view is acount of total visits to each page of the website. If a user clicks reload after reaching the page, this was counted as an additional page
view. If auser navigated to a different page and then returned to the origina page, a second page view was recorded.

Thelength of time of asession from the first click to the last, excluding the inactive period of a session immediately following the last click.

A count of the total number of downloads of resources from the resources page of the website. Users had to click onto the particular resource to be

Data Analysis

Datawerefirst downloaded from Google Analyticsfor theentire
study period. Descriptive statistics were produced in SAS
software [34] for al users for the entire study period and for
each type of user from March 29, 2018. Mean and SD were
calculated for each measure.

Objective 2: Examine the Usage, Subjective
Experience, and Usability of the PA4E1 Program
Website From the Per spective of | n-School Champions
Using Mixed M ethods

Sampling

All in-school champions (n=24) were invited to complete a
“think-aloud” survey and usability test via email after 4 school
terms of website use (November 2018) [35]. Participants could
complete the survey anytime through until May 2019 (Term 6).
All in-school championswere emailed astudy information letter
and informed that completion of the survey acted as consent to
the study. Completion of the survey and usability test was
expected to take 25-30 minutes based on piloting. Participants
were provided with an AUD $30 (US $23) egift card
reimbursement for completing the survey.

https://pediatrics.,jmir.org/2021/3/e26690

Data Collection

The think-aloud survey and usability test was conducted
remotely via in-school champions' own digital devices (ie,
in-school champions' own mobile, laptop, or computers).
Loopll user-testing software was used to conduct the
think-aloud survey and usability test [36]. As Figure 2 shows,
Loopl1 displays aset of questions and tasks imposed upon the
website [36]. Throughout the think-aloud survey and usability
test, participants were prompted by the Loop 11 platform to
verbalize their thoughts while responding online to a series of
questions (survey) and tasks (usability test) (Multimedia
Appendix 3). Theresearcherswere not present during the study,
and participantswereinvited to compl ete the study in their own
time using alink provided to them via email. This method was
chosen to increase the real-world relevance of the findings, as
the participants complete the activitiesin their own setting [9].
Aswell asthe quantitative responses from the survey questions
and usability tasks, avideo screen capture and microphoneaudio
data were also collected concurrently, and participants were
frequently encouraged to explain their responses by “thinking
aloud.” A practice question was designed to give participants
the opportunity to familiarize themselves with the format of the
Loop11 user testing platform and to practice thinking aoud.
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Figure 2. Two screenshots of a participant completing the think-aloud survey and usability test, with the survey imposed on the program website.
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microphone

START TASK

& ACTION PLAN

{2 HOME ) ABOUT PA4E1

{1 RESOURCES £ SCHOOLS © DISCUSSION FORUMS
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You are signed in as -'

m

<2 PROFESSIONAL LEARNING

@ FAgs

WELCOME TO PA4E1 ONLINE

nt 7 physical activity
C to roll out paak1

1)How is your school implementing Personal Physical Activity Plans into

s from other schools. You can also

the curriculum?

Our school has created a practical program, resistance training, which has

iae The Physical Activity for Everyone (PA4... ©
Watch later Share

- been implemented into our year 7 scope and sequence for term 4. Students
design personalised goals in their Personal Activity Plans for the program.
Students participate in a range of fitness testing at the commencement of the

program, students then participate in resistance training exercises in the

Measures

Figure 2 shows a screenshot of the think-aloud survey and
usability test which isimposed upon the program website. The
survey contained 4 validated tools[37-39]. All tools were on a
5-point Likert-scale (1=strongly disagree, 2=disagree, 3=neutral,
4=agree, and 5=strongly agree). The Systems Usability Scale
isal10-item scaleto assess usahility of the website (scoresrange
0-100) [37] and comparable data exist to interpret the score
derived from the Systems Usahility Scale [40]. The second and
third tools were the Acceptability of Intervention [39] and
Intervention Appropriateness Measure [39], to assess the
acceptability and appropriateness of the website, respectively
(scores range 0-5). The fourth tool was the long form of the
User Engagement Scale [38], which is a 31-item tool splitinto
4 subscales (Aesthetic appeal; Focused attention; Perceived

https://pediatrics.,jmir.org/2021/3/e26690

RenderX
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usability; and Reward; scores range 0-5 for each subscale and
overal).

The usability test contained 3 tasks. The average time to task
completion and success rate of task completion were recorded
within Loopll. Tasks asked participants to navigate to certain
sections of the website. The first task asked participants to
navigate to the discussion forum, the second to find information
on forming community links (see Practice 7 in Table S2 of
Multimedia Appendix 1) and the final task asked participants
where they would post a lesson observation (see Practice 1 in
Table S2 of Multimedia Appendix 1). Participants were
encouraged to verbalize their thoughts (think al oud) throughout
the 3 tasks.

The survey also contained 12 prompting questions which asked
participants to think aloud to verbalize their responses (see
Multimedia Appendix 3 for afull list of these questions). The
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questions asked participants to explain their thoughts toward a
particular hypothetical scenario or comment on a particular
aspect of the website (eg, usefulness of the website if PA4E1
were to be rolled out state-wide). The questions were used to
elicit additional responsesfrom participants. Concurrently, audio
dataand avideo of the participants screen (screen capture) were
recorded.

Additional administration data were used to identify usage of
other delivery modes for implementation support strategies
(Figure 1), including attendance at face-to-face events and
contact logs between in-school champions and support officers
(data sources have been described in the process evaluation
protocol [28]).

Mixed Method Data Analysis

A mixed methods data analysis was informed by Perski et a’s
[9] conceptualization of digital behavior change intervention
engagement framework, whereby delivery and content were
considered separately. Delivery focuses on themes that emerge
relating to the aesthetics/design, challenge, complexity, control
features, credibility features, ease of use, familiarity, guidance,
interactivity, message tone, mode of delivery, novelty, narrative,
personalization, and professional support features of the digital
intervention. Content focuses on themes that emerge relating
to the behavior change techniques (eg, feedback, goal setting,
reminders, rewards, self-monitoring, social support features).
Themes relating to delivery and content were extracted
separately.

All quantitative data were downloaded and analyzed in MS
Excel. The quantitative datafrom the validated toolswere scored
according to their instructions [37-39] and summary descriptive
statistics were produced (mean score [SD]). Task completions
were calculated as percentage of successful completions
compared with total attempts. Time taken to complete tasks
were recorded from theinitial click to the final successful click
by the participant. Mean time and SD were calculated across
all in-school champions for each task.

Audio data were transcribed verbatim and analyzed using
inductive thematic analysis [41]. Screen recording data were
also downloaded (video) and analyzed concurrently with the
audio data, within Nvivo 12 (QSR International) [42], to provide
additional context to the audio data (eg, a participant’s cursor
location within website).

The quantitative and quaitative datawere mixed during analysis
using a triangulation matrix. Both data sets were given equal
emphasis to address the objective. The descriptive statistics
were produced at the same time as the initial codes of the
qualitative data. As per the process evaluation protocol [28],
the “following the thread” approach was employed to generate
hypothesis and questions of the qudlitative data from the
guantitative data, and vice versa. The findings were combined
and compared (triangulated) using a triangulation matrix to
assess where findings from one method agreed or partialy
agreed (convergence), appear to contradict each other
(discrepancy or dissonance), or are silent (ie, atheme arisesin
1 data set but not in another). The matrix allowed the production
of themes and meta-themes (higher-level themes) that combined

https://pediatrics.,jmir.org/2021/3/e26690
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and compared the qualitative and quantitative data sets [41].
Throughout the entire analysis, MM kept aresearch journal.

Theiterative phases of the mixed method analysis[41] included:

Familiarizing with the data (both audio and screen capture
aswell as quantitative data).

Generating initial codes and following the thread (MM
produced descriptive statistics, followed a thread, and
developed initial codes of the transcriptions using Nvivo
12 [42]).

Searching for themes (MM reviewed each code and ordered
them under headings, before discussing the ordered codes
with JD to produce an initial triangulation matrix).
Reviewing themes (EC, TM, and RS reviewed the themes,
participant quotes, and matrix labels—resolving
disagreements through discussion with MM and JD).
Defining and naming themes (all authors discussed and
agreed upon final themes).

Producing the report.

Ethical Approval

The trial was prospectively registered
(ACTRN12617000681358) and approved by the Hunter New
England Research Ethics Committee (Ref No. 11/03/16/4.05),
University of Newcastle (Ref No. H-2011-0210), NSW
Department of Education (SERAP 2011111), Maitland
Newcastle Catholic School Diocese, Broken Bay Catholic
School Diocese, Lismore Catholic School Diocese, Armidale
Catholic School Diocese, and the Aboriginal Health and Medical
Research Council.

Availability of Data and Materials

The full data set supporting the conclusions of this article
containing data not already included within the article or its
additional files is available from the corresponding author on
reasonable request.

Results

The results are reported below by objective.

Objective 1: Describethe Usage of the PA4E1 Program
Website by In-School Champions and PE Teachers
Using Quantitative M ethods

There were a total of 273 users of the PA4E1 website during
the whole study period. School users of the website were
in-school champions (n=30) and PE teachers (n=198). Few
principals (n=7) or school administration staff (n=2) registered
for the program. Additionally, there were a so nonschool users
(n=20; ie, support officers and the PA4E1 research team) and
unidentified users (n=16) of the program website.

Table 1 provides a breakdown of website usage for in-school
champions and PE teachers from March 28, 2018 (term 3) to
December 20, 2019 (term 9) (when the data were available by
user) and for al program users from October 9, 2017, to
December 20, 2019 (entire study period). In-school champions
were the most frequent users of the program, with a mean of
48.0 sessions per user compared with 5.8 sessions per user by
PE teachers. They also had higher total page views (276.6) and
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downloads (33.6) per user than PE teachers. PE teachers had
fewer ons (5.8), but these were of longer duration (10.5 vs

Mclaughlin et al

7.6 minutes) and included more page views on average (5.4 vs
3.4).

Table 1. Summary of Physical Activity 4 Everyone (PA4E1L) website usage by user type.

Physical education teachers (n=198)2 All users (n=273)°

Usage In-school champions (n=30)2
Sessions per user, mean 48.0

Page views per user, mean 276.6

Page views per session, mean 34

Session duration (minutes), mean 7.6

Downloads per user, mean 33.6

5.8 22.8
57.0 179.4
5.4 7.9
10.5 8.6
2.3 —

3Data were not available for the start of the program (October 9, 2017, to March 28, 2018). Data presented are from March 29, 2018, to December 20,

2019.

BThe “All users’ group includes in-school champions (n=30), PE teachers (n=198), principals (n=7), school administration staff (n=2) as well as

nonschool users (n=20) and unidentified users (n=16).

The most frequently viewed pages by in-school championswere
the home page (18.4% of all views), surveys and progress
reports (15%), professional learning (10.3%), and resources
(7.3%). PE teachers most frequently viewed professional
learning (19.7% of all views) and the home page (9.6%).

A total of 90 different resources were downloaded from the
website at least once by either an in-school champion or a PE
teacher, equating to atotal of 1007 downloads. Thetop 20 most
downloaded resources accounted for more than half of all total
downloads (n=559). Among the top downloaded resourceswere
those directly assisting a particular implementation support
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strategy (Figure 1; see Table S1 in Multimedia Appendix 1) or
physical activity practice (Figure 1; see Table S1in Multimedia
Appendix 1), which included atemplate for esson observation
(Practice 1), astudent physical activity plan template (Practice
2), newdletter snippets (Practice 6), partnership agreement
(Practice 7), and a school physical activity policy template
(Practice 5).

The usage over time was explored by looking at the termly
number of sessions, page views per session, average session
duration, and number of downloads. Figure 3 shows these data
per month for both in-school champions and PE teachers.

JMIR Pediatr Parent 2021 | vol. 4 | iss. 3 [e26690 | p.32
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

Mclaughlin et al

Figure 3. (A) Mean number of sessions, per term. (B) Mean number of page views per session, per term. (C) Mean session duration, per term. (D)
Mean number of downloads, per term. Note that Term 4, 2017, and Term 1, 2018, data are not available (as described in the "Methods" section). PE:

physical education.
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Objective 2: Examine the Usage, Subjective
Experience, and Usability of the PA4E1 Program
Website From the Per spective of | n-School Champions
Using Mixed Methods

Of the 24 in-school champions invited to complete the
think-aloud survey and usability test, 13 participated (54%).
The average time to compl ete the survey and usability test was
20 minutes. In-school champions (9 females and 4 males)
represented schoolslocated in major cities (n=6), inner regional
(n=6), and outer regional (n=1) regions [43]. Seven of the
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in-school champions also had responsibility for leading the
health and PE programs in their school. All schools (9
government and 4 Catholic) were in the lower 50% of the
Socio-Economic Indexes for Areas (SEIFA) of Relative
Socioeconomic Disadvantage (suburb in lower 50% of NSW)
[44]. School enrollments ranged from 348 to 1316 (mean 900
[SD 246]). Six schools had 10% or more Indigenous student
enrollment [45]. Table 2 summarizes the meta-themes and
themes for delivery and content, respectively. Multimedia
Appendix 4 includes the full triangulation matrix table and
convergence labels.
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Table 2. Summary of delivery and content meta-themes and themes.

Mclaughlin et al

Themes Theme explained
Délivery
Meta-theme The website was an acceptable and appropriate delivery mode. Usability of the website was high.
Theme 1 The website complemented other delivery modes, but in-school champions preferred the other delivery modes (support
officer and face-to-face).
Theme 2 Thewebsitewasused asa“ utility” delivery mode (ie, used only when required, not asthefirst delivery mode of choice).
Theme 3 If the program were delivered statewide, the website would be useful, though embedding within other systems that
teachers already used may be helpful.
Theme 4 Mixed reactions toward the possible addition of awebsite chat feature with a support officer available to video call
during business hours.
Theme5 The discussion forum was not used, but in-school champions reported that it could be potentially useful, perhaps if
delivered differently.
Content
Meta-theme The website content was generally acceptable and appropriate, with afew specific suggestions for improvement.
Themel A lack of notifications (or prompts) to highlight new thingsin the website reduced return traffic to the website.
Theme 2 The lesson observation form (aresource for Practice 1) was difficult to find on the website, it was difficult to track
lesson observation completion, and some usability issues with completing out of internet range.
Theme 3 Termly surveys (Support Strategy 7) were generally acceptable and compl eted.
Theme 4 The resources were acceptable and downloaded frequently.
. ualitative data aso indicated good acceptability,
Delivery Q g P Y

Meta-Theme: The Website Was an Acceptable and
Appropriate Delivery Mode. Usability of the Website Was
High (Triangulation Convergence Label: Agree)

Quantitative data indicated in-school champions agreed or
strongly agreed that the PA4AE1 website was acceptable and
appropriate. For in-school champions (n=13), the mean
acceptability of the intervention measure was 4.52 (SD 0.04)
out of 5, and the mean Intervention Appropriateness Measure
was 4.46 (SD 0.0) out of 5, both indicating agreement that the
website is acceptable and appropriate. Additionally, the mean
in-school champions' (n=13) overall User Engagement Scale
score was 3.4 (SD 0.7) out of 5 [32]. The mean individual
dimension scores from the User Engagement Scale were 4.2
(SD 0.1), 3.7 (SD 0.5), 3.4 (SD 0.3), and 2.4 (SD 0.3) for
aesthetic appeal, reward factor, perceived usability, and focused
attention, respectively.

In-school champions found the usability of the website to be
“good.” The overal in-school champion (n=13) Systems
Usahility Scale scorewas 77.7, which correspondsto a“good”
website within the “acceptable” range of the Systems Usability
Scale [31,37]. Additionally, the majority of the 3 navigation
taskswere completed successfully by in-school champions (74%
[29/39] of all tasks completed successfully). The average time
to task completion was 71 seconds per task. The discussion
forum and community linkstasks had higher successrates (11/13
[85%] and 12/13 [92%], respectively) than the lesson
observation task (6/13, 46%). Time to complete each task was
91, 66, and 55 seconds for discussion forum, community links,
and lesson observation tasks, respectively. No tasks were
abandoned.
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appropriateness, and usability of the website delivery mode.
Some example quotes are as follows:

...it'sset out very clearly, easy to use, easy to access,
and is updated relatively frequently.

So, weall know that teachersarethetime poor people
of the world. So definitely having an online mode is
very, very suitable.

Theme 1. The Website Complemented Other Delivery
Modes, But I n-School Champions Preferred the Other
Delivery Modes (Support Officer and Face-to-Face;
Triangulation Convergence Label: Agree)

Quantitative data showed schools utilized the website (Figure
1). In-school championsalso relied on the other delivery modes,
for example, contact | ogs between support officersand in-school
championsindicated that 18/24 schools received aface-to-face
contact with their support officer at |east once atermin thefirst
12 months. In the second 12 months, this dropped to 8/24
schools, though the criteria for this implementation support
strategy were different for the second 12 months (Multimedia
Appendix 1). However, weekly emails or phone calls between
support officers and in-school champions occurred in 16/24
schools during the first 12 months, but this increased to 22/24
schoolsin the second 12 months. Additionally, the 2 face-to-face
workshops were well attended; 23/24 in-school champions
attended the first workshop at the start of the program while
22/24 attended the second workshop at the midpoint of the
program.

Qualitative data indicated that in-school champions used the
website to complement interactions with their support officer.
The website often was not the first point of call, and it may not
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be ableto fully replace face-to-face and direct contact methods
from the support officers. Thewebsite may be particularly useful
for after-hours support (eg, on weekends and evenings).
Example quotes:

You've obviously got your Support Officer aswell [as
thewebsite], but it'sgood just to haverthis, this portal
[website].

Yes [| like the website], but it needs to be
accompanied by other thingslikeface-to-face aswell.

...itisaninvaluable experience to meet, at a common
place, where you can actually roll out, the initial
delivery, and training, for the first time that people
are running PA4E1. However, as said before, online
delivery should remain part of this program.

...teachers are often not being able to get this extra,
sort of, work, or professional learning done during
their actual hours of being at school. So | often access
the website from home, after hours, on the weekend.

Theme 2. The Website Was Used asa “ Utility” Delivery
Mode (ie, Used Only When Required, Not asthe First
Delivery Mode of Choice; Triangulation Convergence
Label: Agree)

Quantitative data from objective 1 indicated that in-school
champions used the website on average every fortnight,
corresponding to 6.3 sessions per term (SD 2.0). Qualitative
dataidentified that the website was perhaps not used to its full
potential, but instead it was used for its core functions (eg,
termly surveys, professional learning), rather than to peruse
additional ideas and resources. Example quotes:

To behonest | don't think I've used PAAE1 online[the
website], probably to its full potential.

Yeah well obviously | haven't really used this
[pointing cursor at the resources section] as much
as| should've. | have used some of these [ resources]
though...

I'm aware of most kind of, components of it [the
website], but there are things I'm not [ aware of] ...

Theme 3: If the Program Were Déelivered Statewide, the
Website Would Be Useful, Though Embedding Within
Other Systems That Teachers Already Used May Be
Helpful (Triangulation Convergence Label: Slightly
Agree)

All in-school champions (13/13) agreed that online delivery of
the PA4EL program should remain. The magjority of in-school
champions (12/13) suggested the PA4EL website would be a
suitable mode of delivery in its current form should the PA4EL
program be rolled out to schools statewide.

There were conflicting suggestions emerging from the
qualitative data. In-school champions indicated that while a
website would be useful for statewide delivery of the program,
it could become another platform that teachers are asked to use,
so it would be better embedding any roll out within existing
platforms. Example quotes:
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..it is another platform that we need to access in
order to implement our teaching.

| do think it is quite suitable, to roll out inits current
formif there was to be no changes.

The more people that are on it [ the website] aswell,
| think the more discussion that would kind of, be
generated....

Theme4: Mixed Reactions Toward the Possible Addition
of a Website Chat Feature With a Support Officer
Available to Video Call During Business Hours
(Triangulation Convergence Label: Slightly Agree)

Quantitative data were generally supportive; the majority of
in-school champions (11/13) liked theideathat support officers
would be available during working hours for support within the
PA4E1 website via video, audio, or text chat features.
Qualitative data were mixed, with some supporting the feature,
while some preferring traditional contact methods such asphone
call and face-to-face. Some example quotes:

SQupportive: it's [a] great [idea], because whenever
you can sgueeze it in in your free period there's
someone there to talk to you about so you don't have
to wait until the [in-School] Champion or someone
inthe know isavailable to help you.. that's fantastic.

Neutral: | mean it might ease theload on the Support
Officers having to kind of travel everywhere[around
the NSW state], 'cause then you have that option to
sit and talk to them like you would face-to-face. But
yeah | mean | likeit, but | don't didikeit, but | don't
know if it's hugely necessary.

Nonsupportive: | dislike because | would prefer
face-to-face. Email works just as well, and a phone
call if necessary.

Theme5: The Discussion Forum Wasn't Used, But
In-School Champions Reported It Could Be Potentially
Useful, Perhaps I f Delivered Differently (Triangulation
Convergence Label: Agree)

Quantitative usage data showed that use of the discussion forum
was very low. There were 3 discussion forum posts made by
support officers to generate content; however, there were 0
discussion forum posts by in-school champions or PE teachers
during the entire program. In response, the support officers
created a Facebook group for in-school champions which was
established on November 7, 2018. From the launch of the
Facebook group until the end of the program, there were 10
posts by the PA4E1 team (support officers and staff) and 12
posts by in-school championsin the Facebook group.

Qualitative data suggested the discussion forum was not very
useful, and may be better delivered within the website, or could
be better delivered using Facebook. Example quotes:

Yep. It's [the discussion forum]...a little bit limited.

| think this was mentioned at the training day, the
suggestion that a discussion forum could pop up on
the front page...so, it was the, kind of, first thing you
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saw, and thefirst thing that popped up, whenever you
went there.

| don't think that the discussion forumisa good mode
of communication. It appears that no one's really
using it. Perhapsa different form of social media such
as Facebook, which is happening, that more people
use.

Content

Meta-Theme: The Website Content Was Generally
Acceptable and Appropriate, With a Few Specific
Suggestions for I mprovement (Triangulation
Convergence Label: Agree)

As per quantitative data from the previous meta-theme relating
to delivery, the majority of in-school champions agreed or

strongly agreed that the website was acceptable, appropriate,
and had good usability.

Qualitative data also indicated the website content was
appropriate. Example quotes:

Yeah, | think the online portal in its current formis
kind of suitable, | think a few minor changes and
adjustments would make it better.

...the online portal is essential with implementation

of the program. You couldn't do it without it. It's your
go-to resource.

Theme 1: A Lack of Notifications (or Prompts) to
Highlight New Thingsin the Website Reduced Return
Traffic to the Website (Triangulation Convergence
Label: Silence)

No quantitative data were available for this theme. Qualitative
data highlighted that notifications would have been useful to
highlight updates to the website, which may subsequently
increase usage.

...sometimes new thingsjust pop up that | didn't really
realize were there

Maybe also having some form of like, notification so
in the top right hand corner...so that you know, like,
you can see new...things that are kind of happening...
...the portal [website] is not something | log onto
everyday. As we all kind of said, like, everyone goes
onto Facebook and things like that. So, that's where-
and you get notifications that pops up on your phone,
where often | don't know that things have been posted
in the discussion forum, until 1 come back on, and
often that's quite a while after they were posted.

Theme 2: The Lesson Observation Form (a Resource
for Practice 1) Was Difficult to Find on the Website, It
Was Difficult to Track Lesson Observation Completion,
and Some Usability I ssues With Completing Out Of

I nternet Range (Triangulation Convergence Label:
Agree)

More than half of in-school champions (7/13) were unable to
find the lesson observation section on the website. Qualitative
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data also indicated that in-school champions had difficulty
finding the lesson observations, tracking PE teachers
completion of these observations, and also some issues with
signal to the website while out of the internet range. Example
quotes:

You do haveto scroll down a little bit on the page[to
find the Lesson Observation Form], and it is like,
quite a small link, which | know some staff at our
school have had trouble, kind of, finding it.

...you just kind of have to do a hit of a tally of how
many observations one teacher has had.

Sometimes when we were out of mobile range or if
this person didn't have a mobile, it didn't quite, ah,
work out.

Theme 3: Termly Surveys (Support Strategy 7) Were
Generally Acceptable and Completed (Triangulation
Convergence Label: Slightly Agree)

From 0 to 12 months, 24/24 in-school champions completed all
termly surveys and received the feedback reports from these
surveys. From 12 to 24 months, 21/24 in-school champions
completed all termly surveys and received feedback reports (3
schools missed 1 survey each). Few principals received the
feedback reports, 7/24 principals had registered accounts with
the program website and therefore received the feedback reports
viaemail. The remaining principals did not directly receive the
feedback reports, but may have been shown to them by their
in-school champions. Qualitative data were scarce, but some
support for the acceptability of thetermly surveyswas provided.
Example quote;

...the termly surveys, | mean this was handy to see
wherewe were at but | suppose before| did the survey
| kind of had an idea of what we did and didn't do
well.

Theme 4: The Resources Were Acceptable and
Downloaded Frequently (Triangulation Convergence
Label: Agree)

A total of 90 different resources were downloaded from the

website at least once by either an in-school champion or a PE
teacher, equating to atotal of 1007 downloads. Example quotes:

| really love this particular resource section. Yeah,
look, | just can't say enough about, you know, what |
love about it.

| loved the graphics and the images. I've really, |
really liked working with the Physical Activity Policy
template. | thought it |ooked really professional, yeah,
I- | did really like...those aspects.

Discussion

Principal Findings

We have previously reported that the multimode implementation
support strategies used in the PA4E1 scale-up tria increased
the implementation of physical activity—promoting practicesin
lower socioeconomic secondary schoolsin New South Wales,
Australia [32]. The results presented in this paper expand on
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these findings with quantitative and mixed methods process
evaluation data on the role of the PA4E1 websitein delivery of
the implementation support strategies of the PA4E1 program.
To our knowledge, this is the first comprehensive process
evaluation of a school-based physical activity program to focus
exclusively onthedigital delivery mode of amultidelivery mode
implementation support strategy. The primary findingsindicate
that usage of the website by both the in-school champions and
PE teachers was high, which aligns with the high fidelity and
reach of theimplementation support found at 12 months reported
elsewhere [32]. As intended, in-school champions had more
frequent website use than PE teachers. The results of the mixed
methods analysis indicated that both the delivery and content
of the website were acceptable and appropriate. A number of
usability issues were identified and are included as suggested
modifications for future iterations of the website.

The findings support the value of the website within a
multidelivery mode implementation intervention to support
schools to implement physical activity promoting practices.
Although other digital health interventions targeting physical
activity have often suffered with issues of engagement [6,10,46],
the website delivering implementation support for the PA4E1
program does not appear to have impaired the potential of the
program to have a positive impact. As discussed by Sebire et
al [47], embracing technology in school physical activity
interventions may be an effective way to efficiently deliver
content, for example, by reducing challenges related to limited
time for training.

Completing this study about website engagement as a
component of our broader process evaluation has provided
information not typically collected within trials of school-based
physical activity programs. Previous studies have either omitted
evaluation of the website delivery mode [48,49], or largely
relied on quantitative website usage data to assess usage
engagement [9,50-52]. These studies have reported varying
levels of website usage, with studies’ usage engagement varying
between pilot and full trial [52,53]. Focusing only on usage data
ignores the other component of engagement, subjective
experience [9]. This study includes both gquantitative and
qualitative data exploring both usage and subjective experience
engagement [9], with both data sets being triangulated to report
high acceptability and appropriateness of the delivery and
content of the website. Usage data showed that in-school
champions and PE teachers accessed the website frequently,
though this appeared to decline over time (Figure 3). Asintended
by the design of the PA4E1 implementation support strategies
(Multimedia Appendix 1), in-school champions accessed the
website more frequently than PE teachers. Additionaly,
compared with other websites, the PA4E1 website has arating
of “good” usability [37,40].

The study was novel in its use of “think-aloud” methodology
to explore teachers’ experiences of using a website to support
the delivery of a health-based intervention. Think-aloud
methodologies have largely been used to inform the
development of websites and apps for use directly with the
target user of the health intervention [54-58] (eg, an app to
support weight management among adults with diabetes [54]).
By contrast, we used athink-aloud methodology with teachers
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(in-school champions) who have been accessing a website to
support the delivery of the PA4E1l program to adolescent
students. Previous studies using the think-aloud methodology
[54-58] have found it to be useful for identifying usability and
subjective experience issues. However, the procedure used in
these studies involved the presence of aresearcher, which may
have affected participants' reactions. Our think-aloud procedure
allowed in-school champions to respond to the think-aloud
survey and usability test remotely, using their own devices, in
their own time. Such amethod islikely to be more ecologically
valid than those involving the presence of researchers, at
research sites, using research devices[59].

I ntervention Refinements

This process evaluation revealed several refinements and
suggestions for the PA4E1l website. In-school champions
suggested the website was used in conjunction with other
delivery modes (face-to-face, phone, email) and that these
delivery modes of the implementation support strategies were
also highly valued, which was additionally supported by usage
data of multiple delivery modes. In addition, whilethe program
website was acceptable and appropriatein its current format, it
was often not the “first-choice” for in-school champions; often,
in-school champions would use other delivery modes first.
In-school champions also suggested the website could be
embedded within other systems that teachers already access,
such as state education portals. Therefore, we suggest future
iterations of the PA4E1 program should carefully consider the
balance of delivery modes used to deliver the implementation
support strategies.

In-school champions suggested that both awebsite chat feature
(to access support officers) and adiscussion forum (to chat with
other in-school champions) may be useful, although this was
not a unanimous suggestion. Strategiesto increase engagement
with such features may be required, which was further
highlighted by in-school championswho suggested the addition
of notifications within the website and via email to promote
usage of the website and highlight new content. Other features
that may improve engagement include socia networking
platforms [60], socia support, and behavioral prompts [61].
Finally, the lesson observation form (see Practice 1 outlined in
Multimedia Appendix 1, Table S2) was difficult to find on the
website (task completion = 46% [6/13]) and in-school
champions reported that this could be made more prominent
within the website.

Future iterations of awebsite supporting PA4EL delivery may
benefit from user testing and refinement prior to rolling out the
website for delivery [62]. Such formative evaluations are
common to inform e-commerce websites and from the
human—computer interaction literature [62].

Strengthsand Limitations

A key strength of this study is the detailed mixed methods
design, triangulating multiple data sources to provide a more
coherent and actionable set of themes from the data. Another
strength is the use of an ecologically valid remote think-aloud
survey and usability test procedure, to collect in-school
champions experiences of using the PA4E1 website.
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Limitations of this study include the low response rate to the
think-al oud survey and usability test. Despite the remote nature
of the survey, some respondents found it difficult to use the
Loop 11 think-aloud survey and usability test software. Just
over haf of in-school champions (13/24, 54%) responded to
the think-aloud survey and usability test. This may have
introduced response bias, whereby those who responded were
more likely to report high acceptability and appropriateness of
thewebsite. However, with regard to sample size, 5 participants
are deemed sufficient for detecting most usability problems
[63]. Anacther limitation was the inability to segregate user types
prior to term 2, 2018. This was due to a technical difficulty in
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collecting the datain Google Analyticsthat could only be fixed
prospectively from school term 2, 2018.

Conclusion

The results of this study provide context to support the primary
outcome of thetrial, highlighting that both in-school champions
and PE teachers used the program website, and acceptability
and appropriateness of the website were high among in-school
champions. Our study hasfocused on the website delivery mode
of a multidelivery mode implementation support strategy to
support schools to implement physical activity promoting
practices. We will publish further process evaluation results

elsawhere, focusing on the remaining components of our process
evaluation protocol [28].
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Abstract

Background: Transgender, nonbinary, and gender-diverse (TNG) youth encounter barriers to psychosocial wellness and also
describe exploring identities and communities on the web. Studies of cisgender youth connect increased digital technology use
with lower well-being, parent relationships, and body image scores aswell asincreased loneliness and fear of missing out (FOMO).
However, little is known about the psychosocial factors associated with digital technology use among TNG compared with
cisgender youth.

Objective: This study aims to examine the associations between psychosocial measures and digital technology use and its
importance for cisgender and TNG youth.

Methods: We surveyed a nationally representative sample of adolescents (aged 13-18 years) about psychosocial wellness and
digital technology use. Psychosocial measures included assessment of well-being, parental relationships, body image, loneliness,
and FOMO. Digital media use assessments included the short Problematic and Risky Internet Use Screening Scale-3 and the
Adolescent Digital Technology Interactions and Importance (ADTI) scale and subscales. We compared psychosocial measures
between gender identity groups. We also compared stratified correlationsfor psychosocial measures (well-being, parent rel ationships,
body image, loneliness, and FOMO) with ADTI and Problematic and Risky Internet Use Screening Scal e-3 scores between gender
identity groups. All comparisons were adjusted for age, race, and ethnicity.

Results: Among 4575 adolescents, 53 (1.16%) self-identified as TNG youth. TNG youth had lower scoresfor well-being (23.76
Vs 26.47; P<.001), parent relationships (19.29 vs 23.32; P<.001), and body image (13.50 vs 17.12; P<.001), and higher scores
for loneliness (9.28 vs 6.55; P<.001) and FOMO (27.93 vs 23.89; P=.004), compared with cisgender peers. In a pattern different
from that of their cisgender peers, better well-being scores and body image for TNG youth predicted higher problematic internet
use (PIU) scores (correlation coefficients of 0.32 vs—0.07; P=.004 and 0.26 vs -0.21; P=.002, respectively). FOM O was a stronger
positive predictor of higher ADTI total and subscale scores for cisgender youth compared with TNG youth.

Conclusions: Overal, this study supports previously demonstrated disparities in the psychosocial wellness of TNG youth and
addsthat these disparitiesinclude lonelinessand FOMO. This study shows prediction of PIU by both higher well-being and better
body image, indicating that PIU may not be unilaterally driven by problematic factors among TNG youth. We suggest that this
may be because of the specific digital mediafunctions that TNG youth engage with as a disenfranchised population.

(IMIR Pediatr Parent 2021;4(3):€25801) doi:10.2196/25801
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Introduction

Background

Transgender, nonbinary, and gender-diverse (TNG) youth are
amarginalized population that experiences multiple barriersto
psychosocial wellness. Experiences of discrimination and
oppression are thought to lead to minority stress, which can
lead to an increased risk of various negative health effects such
aspsychological distress, eating disorders, and suicidality [1-3].
Despite being a varied population, it is well recognized that
TNG adolescents have disparities in different aspects of
psychosocial wellness, including happiness [4] and parent
support [5]. Although TNG youth may also experience lower
body image and overall quality of life, these can improve with
gender-affirming therapies[6,7].

Socia support, community connectedness, and coping strategies
may protect the psychosocial wellness of TNG youth [1].
However, this population also identifies barriers to support and
to identity exploration and expression [8,9]. TNG youth may,
therefore, compensate for therisk of poor social support intheir
communities by using the internet and social media to connect
with othersto access social and informational support they may
not receive elsewhere[10]. How factorsin psychosocia wellness
are related to TNG youth's digital media use is not well
understood.

In general youth populations, several negative psychosocial
measures have been associated with high levelsof digital media
use. Lower well-being and higher rates of suicidal thoughts are
associated with high levels of internet use among adol escents
[11]. In addition, depression and higher perceived stress scores
are associated with problematic internet use (PIU) [12-14],
which is defined as use that is“ risky, excessive, or impulsive”
and leads to “physical, emotional, functional, or social
impairment” [15].

Other areas of disparity in psychosocial wellnessfor TNG youith,
including low parent support, body image, and well-being, have
also been tied to media use in genera adolescent populations.
For example, increased parental control, restrictive mediation,
and parental neglect predict smartphone addiction [16]. Good
parent-child communication and web-based parent support,
such as being friends with one's parents on Facebook, are
associated with decreased PIU [17,18]. The use of social media
isalso associated with anincrease in concern about body image
[19], with increased use associated with increased body
dissatisfaction across genders[20]. The barriersthat TNG youth
experience in these psychosocial domains may influence how
and the degree to which they use digital media.

Two additional factors connected to social media use that may
be areas of vulnerability for TNG youth are loneliness and fear
of missing out (FOMO), the tendency to feel anxious over
missing out on rewarding experiences of others. These factors
have not been studied in TNG youth but have been associated
with digital mediausein general adolescent populations[21,22],

https://pediatrics,jmir.org/2021/3/e25801

including frequent social mediachecks[23]. Asgender identity
minorities, TNG youth may be at risk of increased loneliness
and FOMO, which may impact digital media use in this group.
Notably, belonging, the opposite of loneliness, has been
identified as a mediator of positive outcomes for TNG people.
Community belonging fully mediates the relationship between
transgender identity and well-beingin TNG adults[24]. INnTNG
youth, school belonging is associated with decreased drug use
among TNG youth [25] and better mental health, and it also
medi ates the rel ati onship between peer victimization and mental
health concerns [26]. Understanding disparities in loneliness
and FOMO in TNG youth and the intersection of those factors
with digital media may help identify opportunities to facilitate
belonging in web-based spaces using evidence-based
interventions [27].

Although multiple negative psychosocia wellnessfactors have
been associated with digital media use or PIU, more typical
patterns of internet use have also been associated with
well-being or life satisfaction in some studies. Better overall
well-being is associated with the use of social mediato connect
with others [28]. Similarly, a study in which participants had
to decrease their social media use resulted in a decrease in
self-reported life satisfaction [29]. Lesbian, gay, bisexual,
transgender, queer, and questioning (LGBTQ+) youth, in
particular, are more likely to identify web-based friends and to
describe them as more supportive than in-person friends [30].
During the COVID-19 pandemic, LGBTQ+ youth identify the
specific importance of web-based spaces and support during a
time when they may be stuck at home with unsupportive family
members [31]. Thus, previous research suggests potential
benefits and risks associated with digital media use, especially
for LGBTQ+ youth.

Objectives

Given that TNG youth identify the importance of web-based
spaces while simultaneously experiencing risksto psychosocial
wellness, an understanding of the relationship between
psychosocial measures and digital technology useiscritical for
cultivating positive digital experiences for this at-risk
population. Theaim of this study isto examine the associations
between psychosocial measures and digital technology use and
itsimportance for cisgender and TNG youth. We hypothesized
that TNG youth would show disparities in measures of
psychosocia wellnessand that PIU and digital mediaimportance
would be tied to negative psychosocial measuresin both TNG
and cisgender youth.

Methods

Setting

We conducted a secondary analysis of a cross-sectional survey
administered between February and March 2019. This survey
was conducted using Qualtrics, a web-based survey platform.
The study was approved by the University of
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Wisconsin-Madison Education and Social Behavioral Sciences
Institutional Review Board.

Participants

We used a survey panel approach to study a representative
sample of adolescents in the United States. Panels facilitate
increased speed of data collection with awide geographic reach
compared with traditional approaches for survey distribution
[32]. Due to this increased efficiency and ability to provide
demographic samples within 10% of their reciproca US
population values, Qualtrics was selected asthe survey platform
[33]. Recruited participants had previously signed up to get
survey invitations through Qualtrics. Upon joining Qualtrics,
panelists were asked to complete demographic assessments,
which alow relevant survey invitations to be targeted to
potentially eligible sample populations. Participants received
invitations by email, and the survey remained open until the
requested number of participants had completed the survey.

Adult parents who were US residents who spoke English, had
adolescent children (aged 13-18 years), and had signed up for
survey panel participation were recruited by a Qualtrics survey
manager. Information was provided to parents who had
potentially eligible children and were interested in the study.
Consent was obtained from parents of children aged between
13 and 17 years at the beginning of the survey; adolescentswho
were aged 18 years gave their own consent before beginning
the survey. Participants aged 13-17 years also provided
web-based assent before survey initiation. Youth participants
had the option to discontinue the survey at any time without
loss of benefits. Participants compl eted demographic information
as part of this survey (refer to the full survey in Multimedia
Appendix 1) and were included in the study if they answered
the question that asked them to describe their gender identity.
Youth were excluded if they selected Preferred not to answer
in response to the question about their gender identity. Although
some youth that choose Preferred not to answer may be
gender-questioning, we deemed it inappropriate to make
assumptions about whether this group was primarily cisgender,
gender-questioning, or TNG.

M easures

The full text for all survey measures and scoring summaries
can be found in Multimedia Appendix 1.

Digital Media Use Measures

Problematic and Risky Internet Use

The validated short version of the Problematic and Risky
Internet Use Screening Scale-3 (PRIUSS-3) was used to measure
problematic and risky internet use[34]. Thisscaleincludesthree
guestions that evaluate anxiety when away from the internet,
loss of motivation when on the internet, and feelings of
withdrawal when away from the internet. A Likert scale was
used to measure how often partici pants experienced theseitems
(O=never, 1=rarely, 2=sometimes, 3=often, and 4=very often).
A summed score of three or more on PRIUSS-3 indicates that
the participant isat risk for PIU. The a coefficient for thisscale
was .87.
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Adolescent Digital Technology I nteractionsand Importance

Perceived motivations for adolescents’ technology interactions
were measured using the validated Adolescent Digital
Technology Interactions and Importance (ADTI) scale [35].
There are three ADTI subscales. factor 1, technology to bridge
web-based and offline experiences and preferences; factor 2,
technology to go outside one’s identity or offline environment;
and factor 3, technology for socia connection. Each of the 18
items included in the ADTI is associated with one of the
subscales. For example, participants were asked how important
it was to use socia media platforms to “Provide an important
accomplishment or update on your life using social media’
(factor 1), “video chat” (factor 3), “manage my mood” (factor
2), and “ create a profile with a different identity” (factor 2). A
five-point Likert scale was used to score perceived importance
levels (1=not at all important and 5=extremely important). A
higher perceived importance of technology use was indicated
by a higher summation score. The a coefficient was .95 for the
total ADTI scale. Thea coefficientsfor the three subscaleswere
.90 (factor 1), .92 (factor 2), and .89 (factor 3).

Psychosocial Wellness Measures

Overall Well-being

Well-being was measured using the validated Short
Warwick-Edinburg Mental Well-being Scale [36]. This
seven-item scale asks participants to specify how often in the
past 2 weeks they experienced the following feelings or
experiences: “1’ve been feeling useful,” “1’ve been dealing with
problemswell,” and “1’ve been able to make up my own mind
about things.” Participants responded based on a five-point
Likert scale (1=none of the time and 5=all of the time). A
summary score was calculated by adding the individua
responses for each item. A higher summary score indicated
higher levels of well-being. The a coefficient for this measure
was .91 in the general population [36].

Parental Relationships

To assess parental relationships, we used the eight-question
Parent-Adolescent Relationship Scale[37]. This scale consisted
of three statements about the adolescent’s identification with
the parent, such as“| think highly of him/her,” assessed with a
Likert scale of O=strongly disagree to 4=strongly agree. In
addition, this scale includes questions about parent-adol escent
relationships, such as “How often does she/he praise you for
doing well?’ or “How often does she/he blame you for her/his
problems?’ These were scored with responses ranging from 0
to 4 (O=never and 4=always). Three questions (Multimedia
Appendix 1) were reverse scored, as they were framed with
negative connotations. A summary score was cal culated, with
ahigher numeric output indicating better parental relationships.
The a coefficient for this scale was .68.

Body Image

Body image was assessed using the previously validated Body
Image Scale, which consists of four items: “1 would like to
change a good deal about my body,” “I am satisfied with my
looks,” “I would like to change a good deal about my looks,”
and | am satisfied with my body” [38]. Each isanswered based
on asix-point Likert scale, ranging from 1 for “does not apply
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at all” and 6 for “applies exactly” A summary score was
generated by summing all items; items 1 and 3 were reverse
scored because of their negative framing. A higher summary
score indicates a more positive body image. The a for this
four-item scale was .82 [38].

L oneliness

Loneliness was measured using subscale questions from the
validated Comprehensive Inventory of Thriving [39].
Participants were asked to agree or disagree with the following
statements: “I fedl lonely,” “1 often feel left out,” and “thereis
no one | feel close to” using a five-point Likert scale
(1=strongly disagree and 5=strongly agree). A summary score
for each participant was calculated, with a higher score
indicating increased loneliness. The range of a coefficients for
this subscale previously published is .79 to .87 [39] and the a
coefficient in our study was .90.

Fear of Missing Out

FOMO was measured via a 10-item scale that has been used in
previous studies [40-42], which includes statements such as “|
get worried when | find out my friends are having fun without
me” and “1t bothers me when | miss an opportunity to meet up
with friends’ [43]. Response options were based on a Likert
scale (1=not at all true of me and 5=extremely true of me). A
summary scorewas computed for each participant by averaging
the responses of al 10 statements. The a coefficient for this
scale was .87 [43].

Demogr aphics

Demographic questions assessed age, gender, race, and ethnicity.
Participantswere asked to identify their age by selecting awhole
number (12-18) in response to the question, “What is your age
in years?” Gender was assessed by asking, “Which response
best describes your gender?’ with response options of
“Femae” “Mae” “Non-binary gender,” “Female to mae
transgender,” “Maleto femaletransgender,” “ Other,” or “ Prefer
not to answer.” Participants were considered cisgender if they
answered “Female’” or “Mae’ and TNG if they answered
“Non-binary gender,” “Female to male transgender,” “Male to
female transgender,” or “Other.” To assess ethnicity and race,
respectively, participants were asked, “Are you of Hispanic,
Latino, or Spanish origin or descent?’ and “What would you
consider your race?’ (refer to Multimedia Appendix 1 for the
full text). Dueto limited power inthe TNG group, racial groups
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were dichotomized into White or Caucasian people and people
of color and ethnicity into non-Hispanic, Latinx, or Spanish
people and Hispanic, Latinx, or Spanish people when used as
controls.

Analysis

Demographic information was compared between gender groups
using the Fisher exact test for categorical anaysis, which
included comparison by age group (13-14 yearsvs 15-18 years
to demonstrate representation of middle school- and high
school—aged youth), race, and ethnicity between gender identity
groups. A two-tailed t test was used to compare age as a
continuous variable. Psychosocial outcomes were compared
between gender groups while adjusting for age, race, and
ethnicity using analysis of covariancein PROC GLM procedure
in SAS. Stratified correlations for psychosocial measures
(well-being, parent relationships, body image, loneliness, and
FOMO) with ADTI and PRIUSS-3 scores were compared
between gender identity groups using PROC NLMIXED
procedure in SAS while adjusting for age, race, and ethnicity.
We compared the regressi on coefficients of standardized values
between the gender groups; in this case, the slopes were equal
to the correlation coefficients. All reported P values were
two-sided, and P<.05 was used to define statistical significance.
Statistical analyseswere performed using SAS software (version
9.4; SAS Institute).

Results

Demographics

Among 4575 adolescent participants, there were 53 (1.16%)
TNG youth. Mean age (cisgender youth: 14.62 years, SD 1.68;
TNG youth: 14.57 years, SD 1.66; P=.82) and age distribution
did not vary between thetwo gender identity groups. Compared
with cisgender peers, TNG youth were less likely to identify
their race as White people (26/53, 49% vs 3041/4522, 67.25%;
P<.001) and more likely to identify their ethnicity as Hispanic
(31/52, 60% vs 786/4469, 17.59%, P<.001). Few TNG youth
identified with transfeminine identities (5/4575, 0.11% of the
total study population) compared with youth with nonbinary
identities (23/4575, 0.5%) and transmasculine identities
(25/4575, 0.55%). Refer to Table 1 for demographic
information.
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Table 1. Demographics of cisgender and transgender, nonbinary, and gender-diverse youth participants (N=4575).

Demographic measure Cisgender TNG2 P value

Total Participant, n (%) Total Participant, n (%)

Gender identityb

Female or feminine identity 4522 2130 (47.1) 53 5(9.4) _c
Male or masculine identity 4522 2392 (52.9) 53 25(47.2) —
Nonbinary identity N/AY N/A 53 23 (43.9) —
Total 4575 4522 (98.84) 4575 53 (1.16) —

Age® (years), n (%)

13-14 4506 2160 (47.94) 53 29 (54.72) 34
15-18 4506 2346 (52.06) 53 24 (45.28) 34
Ethnicity, n (%) <.001
Non-Hispanic 4469 3683 (82.41) 52 21 (40.38)
Hispanic 4469 786 (17.59) 52 31 (59.62)
Race, n (%) <.001
White 4521 3041 (67.25) 53 26 (49.06)
Black 4521 692 (15.3) 53 5(9.43)
Native 4521 139 (3.07) 53 12 (22.64)
Asian 4521 227 (5.02) 53 8 (15.09)
Multiracial 4521 219 (4.84) 53 2(3.77)
Other 4521 204 (4.51) 53 0(0)

3TNG: transgender, nonbinary, and gender-diverse.

bNo youth selected “ Other” in identifying their gender identity.

CUnable to perform comparison and derive P value given that there are different numbers of gender subcategories for cisgender and transgender,
nonbinary, and gender-diverse youth.

dN/A: not applicable.

€Cisgender: mean age 14.62 years (SD 1.68); transgender, nonbinary, and gender-diverse: mean age 14.57 years (SD 1.66); P=.82.

Psychosocial Outcomes for loneliness scores (9.28 vs 6.55; P<.001) and FOMO (27.93
vs23.89; P=.004) compared with cisgender youth. Acrossthese
TNG youth had lower scores for well-being (23.76 vs 26.47;  categories, this remained significant when TNG youth were
P<.001), parent relationship scores (19.29 vs 23.32; P<.001), compared with cisgender females, cisgender males, and a
and body image (13.5 vs 17.12; P<.001) and had higher scores  combined group of cisgender males and females (Table 2).
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Table 2. Comparison of mean scores of psychosocial measures between cisgender and transgender, nonbinary, and gender-diverse youth?

Psychosocia out- sgender female and TNGP youth Cisgender male and TNG youth Cisgender and TNG youth
come measure
Cisgender

Cisgender fe- Cisgender male and fe-

male partici-  TNG partici- male partici-  TNG partici- male partici-  TNG partici-

pants, mean  pants, mean pants, mean  pants, mean pants, mean  pants, mean

score (SE) score (SE) P value score(SE) score (SE) Pvaue score (SE) score (SE) P value
Well-being 26.16(0.13) 2376(0.69) <001 26.76(0.12) 2376(0.69) <001  2647(0.10) 2376(0.70) <.001
Parent relation- 2346 (0.11) 19.29(0.62) <.001  23.18(0.11) 19.29(0.62) <.001  23.32(0.09) 19.29(0.62) <.001
ship
Body image 16.96 (0.11) 1350(0.61) <001 17.27(0.11) 1350(0.61) <.001  17.12(0.09) 1350(0.61) <.001
Loneliness 6.44 (0.09) 9.28 (0.50) <.001  6.65(0.09) 9.28 (0.50) <.001 6.55(0.07) 9.28 (0.50) <.001
FOMOC 23.88(0.25) 27.93(1.37) .004 23.89(0.24) 27.93(1.37) .004 23.89(0.20) 27.93(1.37) .004

3adjusted for age, race, and ethnicity; all the values are significant compared with P=.05.

bTNG: transgender, nonbinary, and gender-diverse.
CFOMO: fear of missing out.

Digital Media Use M easur es and Psychosocial
Outcomes

When correlations between PRIUSS-3 scores and psychosocial
measures were assessed, TNG youth showed patterns that
differed from their cisgender peers (Figure 1). Positive body
image and higher well-being positively predicted PIU scores
for TNG youth (body image: 0.26 and well-being: 0.32),
whereas anegative correlation was seen for cisgender youth for
both categories (body image: —0.21; P=.002 and well-being:
—-0.07; P=.004). TNG and cisgender youth showed similar
patterns of PIU correlating negatively with parental relationship
scoresand positively with lonelinessand FOMO. Figure 1 shows
the associ ations between psychosocia outcomesand PRIUSS-3
SCOres.

There were also some differencesin the correlation patternsfor
cisgender and transgender youth when examining associations
between ADTI scores and wellness measures. Better parent
relationships predicted higher total ADTI scoresin TNG youth
(correlation coefficient 0.14), whereas higher parent relationship
scores predicted lower total ADTI scores in cisgender males
(=0.19; P=.04). A significant difference in correlation was not
found between TNG youth and cisgender females. Better body
image scores also positively predicted higher ADTI-3 scores
for TNG youth (correlation coefficient 0.43) compared with
dight negative correlation for cisgender youth (-0.01; P=.004).
Increased FOMO was a positive predictor of ADTI total and
subscale scores for youth of all genders, although it was a
stronger predictor for cisgender compared with TNG youth.
Table 3 shows the associations between the ADTI scores and
psychosocial outcomes.

Figure 1. Comparison of correlation coefficients of well-being, parent relationship, body image, loneliness, and fear of missing out versus Problematic
and Risky Internet Use Screening Scale-3 for cisgender and transgender, nonbinary, and gender diverse youth. *P<.01. TNG: transgender, nonbinary,

and gender-diverse.
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Table 3. Comparison of correlation coefficients of well-being, parent relationships, body image, loneliness, and fear of missing out versus digital
technology interactions and problematic internet use for transgender, nonbinary, and gender-diverse and cisgender youth?.

Outcome and predictor

Cisgender femaleand TNGPyouth  Cisgender male and TNG youth

Cisgender and TNG youth

Cisgender TNG Cisgender TNG Cisgender males TNG
females youth Pvaue males youth Pvaue andfemales youth P value
PRIUSS-3° (problematic internet use)
Well-being _0.14¢ 032 <001 -001 032 .02 -0.07 032  .004
Parent relationship -0.35 -0.37 90 -0.39 -037 84 -0.37 -037 .96
Body image -0.19 0.27 .003 -0.23 0.27 .001 -0.21 0.26 .002
Loneliness 0.49 0.68 .10 0.57 0.68 .38 0.53 0.67 22
FOMO® 0.54 0.39 22 0.64 0.39 .05 0.59 0.39 A1
ADTI total
Well-being 0.10 0.40 .02 0.23 0.40 17 0.17 0.40 .06
Parent relationship -0.16 0.14 .06 -0.19 0.14 .04 -0.18 0.13 .05
Body image -0.20 -0.05 .28 -0.29 -0.05 .08 -0.25 -0.05 15
Loneliness 0.28 0.33 71 041 0.33 .53 0.35 0.33 .85
FOMO 0.52 0.27 .05 0.67 0.27 .002 0.60 0.27 .01
ADTI factor 1 (technology to bridge web-based and offline experiences or preferences)
Well-being 0.11 0.34 .10 0.23 0.34 45 0.18 0.34 .23
Parent relationship -0.14 -0.07 .57 -0.23 -0.07 .23 -0.19 -0.07 .36
Body image -0.07 0.15 A7 -0.14 0.15 .06 -0.11 0.14 .10
Loneliness 0.19 0.16 .82 0.34 0.16 .23 0.27 0.16 45
FOMO 0.45 0.19 .05 0.61 0.19 .002 0.54 0.19 .01
ADTI factor 2 (technology to go outside on€'sidentity or offline environment)
Well-being 0.06 0.29 .07 0.18 0.29 .39 0.13 0.29 .20
Parent relationship -0.21 -0.04 .16 -0.34 -0.04 .02 -0.28 -0.04 .05
Body image -0.30 -0.13 .20 -0.30 -0.13 .20 -0.31 -0.13 19
Loneliness 0.32 0.26 .65 0.47 0.26 A1 0.40 0.26 .27
FOMO 0.45 0.24 .09 0.65 0.24 <.001 0.56 0.24 .009
ADTI factor 3 (technology for social connection)
Well-being 0.07 0.34 .05 0.21 0.34 .35 0.15 0.34 15
Parent relationship -0.15 -0.03 37 -0.19 -0.03 .24 -0.17 -0.03 .29
Body image 0.01 0.43 .006 -0.02 0.43 .003 -0.01 0.43 .004
Loneliness 0.18 0.35 22 0.29 0.35 .66 0.23 0.35 42
FOMO 0.44 0.16 .04 0.54 0.16 .006 0.49 0.16 .02

Al comparisons were adjusted for age, race, and ethnicity.

bTNG: transgender, nonbinary, and gender-diverse.

®PRIUSS-3: Problematic and Risky Internet Use Screening Scale-3.
dvaluesin italics denote statisti caly significant difference and different patterns of correlation (+) between cisgender and transgender, nonbinary, and

gender-diverse youth.
€FOMO: fear of missing out.

fADTI: Adolescent Digital Technology Interactions and Importance.
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Discussion

Principal Findings

This cross-sectional study is the first to explore factors in
psychosocial wellness as predictors of PIU and the importance
of digital media use among TNG youth. Our findings show
continued barriers to psychosocia wellness in TNG youth
compared with cisgender youth. In addition, our study shows
that the pattern of prediction of psychosocial risk factors with
PIU differsin TNG youth, with some positive factors predicting
higher PIU scores, suggesting that digital engagement may
function differently for thisgroup. Finally, wefound that FOMO
was a stronger predictor of digital technology importance for
cisgender youth compared with TNG youth acrossADTI scales
and subscales.

The comparison of psychosocial measures for TNG versus
cisgender youth is consistent with previous studies that show
significant threats to psychosocia wellness in this population
[4,5]. Loneliness and FOM O, which have not previously been
well studied in TNG youth, were also increased, which may
speak to the social isolation that can occur as agender minority.
This is particularly notable given that loneliness and FOMO
are constructs inverse to belonging, which has been shown to
have a protective mediating effect in TNG youth and adults
[24-26]. Future research to better understand the role and
development of FOMO in TNG youth may offer insights into
and avenues for interventions to facilitate belonging.

Although disparities in psychosocial wellness in TNG youth
were consistent across categories, our findings show that positive
PRIUSS-3 screens for PIU were predicted by some negative
psychosocial experiencesin this group (low parent relationship
score, loneliness, and FOMO) and also predicted by positive
attributesin apattern different from cisgender peers. Well-being
and body image scores predicted positive screensfor PRIUSS-3
among TNG youth. In contrast, body image and well-being
scores were negatively correlated with positive PRIUSS-3
screensin cisgender peers. This correlation of well-being with
the outcome of PIU may complicate the very definition of PIU
inthis population, asPlIU by definition interfereswith functions
that may be central to well-being. In TNG youth, this finding
may represent the complexity of PIU. Although internet and
digital mediause may be asite of increased web-based bullying
for TNG youth [30] and may interfere with day-to-day activities
that are considered standard, appropriate activities for youth
(such as school), web-based experiences may be varied enough
to a'so support wellness as an alternative to environmentswhere
TNG youth may encounter in-person bullying [44] and other
forms of harm (again, school).

The prediction of PIU by positive body image for TNG youth
may also relate to a function of digital media more specific to
this population: the importance of being read as the gender of
their identification. TNG youth sometimes experience gender
dysphoria (“a marked difference between the individual’s
expressed/experienced gender and the gender others would
assign him or her” [45]), which may relate to a person’s
experience in their body and how their physical appearanceis
read by others as a certain gender. In genera adolescent
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populations, social media use has been associated with eating
disorder behaviors [46]. Limited research suggests that TNG
young adults are at higher risk of such behaviors [3], which
makes the connection between PIU and positive body image
seen here more surprising. This relationship between PIU and
body imagein TNG youth may be mediated by the digital media
function of being able to present and be recognized as their
identified gender. Literature from adult transgender populations
showsthat being ableto present (and be read by others) asone's
identified gender isrelated to improved body image [47]. Digital
media offers the opportunity to represent oneself using chosen
names, pronouns, and selected photographs that may simplify
this process compared with offline communities, with different
platforms facilitating this in different ways. In addition,
disclosure of identity on social mediaby TNG adultsisfollowed
by increased positive sentiment in subsequent posts [48], such
that there may be a positive snowball effect from web-based
engagement.

This complexity in the relationship of TNG youth with internet
useisaso evident in the rel ationship between FOMO and digital
media importance. For cisgender youth compared with TNG
youth, FOMO is a stronger predictor of higher levels of digital
mediaimportance acrossADTI and ADTI subscales, measuring
overall importance, technology to bridge web-based and offline
experiences, technology to go outside one’s identity or offline
environment, and technology for social connection. Itisnotable
that, despite increased FOMO in TNG youth, FOM O was both
alesspowerful predictor of theimportance of digital mediaand
did not differ as a predictor of PIU for TNG compared with
cisgender youth. Although a predominantly cisgender culture
inreal lifereflects cisgender identities as the norm, TNG youth
may have increased FOMO as they see only that cisgender
narrativein their offline experience, but our results suggest that
thisfeeling of missing out may not be a powerful driver of why
this population turns to digital media. This is in line with
qualitative descriptions of digital media use, in which TNG
youth describe seeking out digital media as a positive resource
where they find validation of their identitiesin their web-based
interactions and classify space on the web as a source of
informational and emotional support [10,49]. This may show a
pivot to digital media as an example of positive action and
resilience in TNG youth, as they go on the web to access
reflections of their experiencesin that of others, astep identified
by TNG youth in identity formation [50]. Haimson [51] posits
that social mediaisasocial transition machinery that facilitates
these rites of passage during the process of gender transition.
This understanding of web-based interactions driven by
motivation for positive interactions (rather than escapism) may
help to reframe approaches to building web-based spaces for
TNG youth, with increased focus on resilience, belonging
through connection, celebration of TNG identities, and
community.

Limitations

Although this study included a large adolescent sample with a
prevalence of TNG identity similar to the general US population
of approximately 0.5%-3% [52-54], this secondary analysiswas
not targeted to maximize recruitment of TNG youth, and the
absolute number of TNG youth in our study was limited
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(53/4575, 1.16%0). Thisalso limited additional subgroup analyses
(eg, by specific gender identity or race and ethnicity).
Furthermore, although the ethnic and racial breakdown of
participants in this sample mirrors that of the US population
[55], aresponserateis not available because of the recruitment
methods used by Qualtrics. Although these factors may limit
generalizability, this study represents an important opportunity
to examine the experiences of TNG youth in a large national
sample. The TNG youth in thisstudy are more likely to identify
as people of color and as Hispanic compared with cisgender
youth participants; as such, we controlled for race and ethnicity
in our analysis.

In addition, this study did not assess whether TNG youth had
accessed gender care. Gender care has been associated with
improved body image and quality of life among young TNG
people[7], and there is a strong web-based community around
gender transition. Indeed, there are a number of YouTube
channels, Tumblr blogs, and vlogs [51,56] documenting steps
in gender transition, as adolescents and young adults engagein
hormone therapy or move through the process of accessing
different surgeries. It may be that TNG youth with access to
gender care may have improved well-being and body image as
well asmore web-based engagement in these digital spaceswith
associated increased measures of PIU. Understanding accessto
gender care, gender transition, web-based engagement, and PIU
would be arich areafor future research.

Conclusions

Overdll, this study is the first to examine the relationship
between psychosocial wellness and digital media use as well
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asthefirst to show disparitiesin lonelinessand FOMO in TNG
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Abstract

Background: The use of information and communication technologiesis transforming the lives of millions of peopleincluding
children with autism spectrum disorder (ASD). However, the process of developing a user-friendly and effective mobile app
needs to follow a complex standard protocol and culture-sensitive customization, and involves multiple sectors. This complex
work becomes even more challenging when considering children with ASD in low- and middle-income countries as the users.

Objective: This study aimed to design and develop a more intuitive mobile app to improve numeracy skills of children with
ASD in Rwanda and eval uate the usability of the app.

Methods: A participatory design approach was utilized in this study in which 40 children with ASD, 5 teachers, and 10 parents
of children with ASD participated in focus group discussions (FGDs) and usability testing. A narrative literature review was
performed to explore existing mobile apps and compare previous studiesto design the questionsfor FGD and facilitate aframework
for designing the app. The agile methodol ogy was used to devel op the mobile app, and the heuristics eval uation method was used
to test and evaluate the usability of the initial version of the app to improve its functionalities. The interviews were recorded,
transcribed, and analyzed following the guidelines of the qualitative narrative analysis (QNA) method.

Results: During the FGDs the respondents shared their need for a mobile app in teaching and learning numeracy for children
with ASD and pointed to possibilities of integrating the mobile app into existing curriculum. Ten themes emerged from the FGDs
and exercise of developing the mobile app. The themes were related to (1) teaching and learning numeracy for children with
ASD, (2) planning and devel opment of amobile app for aperson with ASD, (3) testing amobile app, (4) strength of the devel oped
app against the existing ones, (5) behavioral maintenance and rel apse prevention, (6) possibilitiesto integrate the mobile app into
the existing curriculum, (7) data protection for users, (8) social implications, (9) challengesin Rwanda, and (10) focus on future.

Conclusions: The community plays an important role in the planning, devel opment, and evaluation of amobile app for children
with ASD. In thisstudy, inputs from teachers and parentsresulted in an optimally designed mobile app that can improve numeracy
skills in children diagnosed with ASD to support the implementation of competency-based curriculum in Rwanda.

(IMIR Pediatr Parent 2021;4(3):€21471) doi:10.2196/21471
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Introduction

Autism spectrum disorder (ASD) is a neuro-developmental
disorder with persistent deficit in (1) social communication and
socia interaction and (2) restricted or repetitive pattern of
behavior, interest, or activities from the developmental period
[1]. The prevalence of autism among children isincreasing as
aresult of different biopsychosocia and environmental factors
aswell aswith the changein diagnostic criteria. Initially, it was
considered that globally around 1% of children have autism;
however, recent data from the Centers for Disease Control and
Prevention (CDC) indicated that 1 in 54 children have autism
in the United States. As the number of children with autism is
increasing, their need for health care and education is also
accel erating. Studies have consistently documented that children
with autism can learn and acquire different life and living skills
with appropriate training and support. The study by
Kamaruzaman and Azahari [2] documented the potential of
these children to learn and develop their skills in various
domains such asmathematics. The use of systematic instruction,
such as task-analytic instruction, proved the possibility of
children with significant cognitive disabilities learning basic
mathematics [3]. However, only few teachers are interested
about the nature and extent of ASD symptoms that cause
challengesin social communication for these children; besides,
their unique behavioral patterns and need for intensive support
are less recognized [4-6].

Computer-based interventions available on mobile devices
improve the learning of children with ASD even when they are
used with minimal supervision [7]. Different studies have
suggested that electronic devices such asiPads and smartphones
installed with assistive apps are effective in teaching children
with ASD when additional features such asaudio and video are
included in the provided content [8]. Previous studies have
found that children can learn numeracy skills through digital
devices with touchscreen technology [9,10]. Many children
with ASD are drawn toward computers asthey tend to bevisual
learners. For thisreason, e-learning systemsare anatural choice
for them as both static and dynamic images as well as videos
can be included as part of the learning process [11].

Rwandais promoting the use of information and communication
technologies (ICTs) at all levels through multiple initiatives
that include the One Laptop Per Child Project (for those at basic
education levels) and loan schemes for students (for those in
higher learning institutions) [12]. These interventions have
increased the number of computer users [13] and reduced the
accessgap inICT in both urban and rural populations. Rwanda's
competence-based curriculum divides numeracy into different
categories from level 1 primary (P1) to level 3 primary (P3)
[14]. However, there are some children with ASD who have
never attended the formal education system due to the stigma
against them [15,16].

Previous studies by Tanner et a [17], Fairus et al [18], and
Soomro and Soomro [19] reveal ed that mobile app technol ogies
are crucia to improve the learning ability of individuals with
ASD. The study by Rajagopal and Ying [20] revealed that
mobile apps with repetitive instruction can improve learning
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numeracy skillsfor children with ASD. According to Diaz and
Barco[21] and Alcantud et a [22], the devel opment of assistive
technologies for a person with ASD has increased in the last
decade. However, few studies have taken place in sub-Saharan
Africa and other low-income countries such as Rwanda [23].
According to De Macedo and Ulbricht [24], children with ASD
show different behaviors, and hence parents and educators need
to contextualize the content of the technological apps. Our
previous work [5] revealed how worthy the development and
tailor-made designs of mobile apps are and that these have
immense potentiality to help improve thelearning competencies
of children with ASD in Rwandan schools. This study has been
prompted by previous studies that revealed how mobile
technol ogies enhance academic skillsin different ways such as
word matching or picture perception [25,26]. The introduction
of mobile appsisthe one of most attempted solutionsto include
persons with ASD in society [27], as the use of multimedia
technologies can improve their writing skills and socia
communication.

Thefocusof children with ASD iscompromised by the sensory
ondaught in the learning environment which prevents them
from paying attention when studying [28]. Assistive
technologies such as virtual environments, augmented reality,
and smart glasses [29,30] have been developed in recent years
to improve the collaborative interactive environment in order
to help children with ASD stay focused. The development of
mobile apps to support individuals with ASD has been
recommended by many researchers including Fraccaro et al
[31] and Read et al [32]. However, mobile apps should be
culture and context specific [12,33]. This can be achieved by
including Indigenous features and examples of motivations
availablein their local context.

Different mobile apps such asiConverse [34] and SPEAK all!
[35] have successfully improved the communication ability of
children with ASD [36]. Studies by Kamaruzaman and Azahari
[2] and Tashnim et al [37] introduced numeracy and calculation
as apsychoanalysisto improve the lives of children with ASD.
However, mobile apps designed for persons with ASD will be
successful only when it is designed in response to zones of
instructional opportunity, which include central coherence, a
theory of mind, and executive function [38]. These zones of
instruction outline aclear and validated structure of the specific
instructional needs of the user, considering that the deficitsand
impairment associated with ASD impact the user’s learning
style and also reduce the number of new skills memorized, so
asto alow themto refer materialslater to make the appropriate
decision[39,40]. Thisinformation is significant in the argument
for using mobile apps to teach and instruct children with ASD
because it helps them to focus their attention on a particular
topic/skill [38]. Khorrami et al [41] reported that there is a
tendency among children with ASD to read by decoding before
establishing an understanding of comprehension. Many studies
have sought to teach simple mathematical skills (eg, number
matching, counting) [42] by addressing the deficit in
communication asacommon impairment in children with ASD
[43]. Rwandaisimplementing the competency-based curriculum
to develop skills for all children regardless of their disabilities
from preprimary to upper secondary education [44]. Children
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with ASD areinterested in using digital tools and their teachers
and parents believe that the use of ICTs might improve their
learning when the tools are developed by considering their
sociocultural context [45,46]. However, how such a local
culture-sensitive digital tool can be developed is not yet
documented in Rwanda. This study aimed to fill this gap in
knowledge by developing auser-friendly mobile app to improve
numeracy skillsin children with ASD level 3 in Rwanda.

Methods

Design

This participatory design and usability study was performed
from November 2019 to June 2020 and intended to design a
mobile app to improve numeracy skillsin children with ASD.
Mixed methodologies were employed in this study: (1) a
participatory design approach [47] to improve the outcomes
dueto the context-sensitive need and a future-oriented approach
to the design of technological solutions by involving workers
and professionals from the field of education of children with
ASD in the design; (2) a narrative literature review [48] to
compare our app with existing mobile appsand previous studies.
For this purpose, the agile [49] methodology, which considers
customers, developers, stakeholders, and end users, was used
to inspect the app elements at every stage of the devel opment
process and make adjustments according to the requirement;
(3) aheuristics evaluation that used focus group and observation
was utilized to test and evaluate the initial version of the app to
improve its functionalities [50,51].

Participants

The local participants were selected based on data from our
previousstudy [5]. Theinternational participantswere randomly
selected based on their responses to 5 questions posted on the
Quoraplatform [52], which isan open public forum to exchange
idess.

The participants of this study were children with ASD, teachers,
parents, and theinternational community. A total of 40 children
with ASD (32 boys and 8 girls) participated in testing the
developed app. Among these, 5 children (4 boys and 1 girl)
were not enrolled in schoolsand thuswere visited at their home
with their parents. The remaining 35 children (30 boys and 5
girls) were enrolled in Autisme Rwanda[53], whichisthe center
established in 2014 in Rwandathat caresfor children with ASD.
Five teachers (2 males and 3 females) were recruited from
Autisme Rwanda. Parents (n=10) of children with ASD who
participated in the design and evaluation of the app were
recruited from the Rwanda Parent’s I nitiative on Autism (RPIA)
[54], which is an association of parents having children with
ASD in their families in Rwanda. Within the parents group,
there were 4 fathers and 6 mothers.

Interview Guide and App Development

A series of open questions were used as the interview guide
during focus group discussions (FGDs), whichisaway to gather
people from similar backgrounds or experiences to discuss a
specific topic of interest (Multimedia Appendix 1). Some of
these questions were posted on the Quora forum [52]
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(Multimedia Appendix 2) to collect data from the international
community.

The design of the mobile app was guided by the Autism
Spectrum Disorder Inclusion Collaboration Maodel [55]. The
user interface is designed by following the principles of the
Universal Mobile Application Accessibility and Inclusion [56]
and included the following: (1) perceivable (to ensure that
content isdiscernible by all users), (2) operable (ie, all features
should be fully employable by everyone, regardless of the
limitations of the user), (3) understandable (relates to the
cognitive ability of the user to comprehend the meaning of the
presented information), and (4) robust (ie, itscontent isflexible
so it can be easily interpreted by an array of users).

The development of the app was accomplished in 2 steps: (1)
user requirement analysis and (2) design process, as
recommended by Soomro and Soomro [19].

User Requirement Analysis

The app that will be designed for the education of children with
ASD needed a set of requirements to improve the probability
of successful learning [56]. We used detailed methods and
developed alist of possible requirements from existing studies
and participants [52,53,57]. The FGDs were conducted by
involving teachers of special education and practitionersin the
fields as participants while the children with ASD observed
their behavior inside and outside the class.

Information on the software interaction design was gathered
from experts around the world who had experience in treating
and dealing with children with ASD aswell asindividua swith
ASD who were successful in their academic careers. This
involved posting questions on the Quora Digest platform [52]
by one of the authors and analyzing their replies. We chose to
use Quora as our data source because (1) Google Trends data
show that it isincreasing in popularity against other platforms
available globally [58]; (2) it tries to match questions with
experts and most questions are answered by userswith authority
on the content [59]; and (3) it also offers usersthe ability to edit
the way a question is asked, and thus allows users to connect
people with questions they feel the user could answer [60]. The
information collected from this platform served as
complimentary to data collected from teachers and parents. The
profiles and responses from the Quora platform are shared as
web linksin Multimedia Appendix 1.

Design Process

To understand the strength of ICT devices and examine the
effectiveness of available apps for students with ASD, we next
designed the mobile app interface that can respond to the needs
of children with ASD in the current context. From the
requirements analysis, we identified a set of characteristics
needed for the software interaction, as explained by Megjiaet a
[25], and using the following equations:

U={,Cg,Mp} (1)
=Sy, .., N} (2
Cg={Cgy, ..., Cgn} (3)
Mp ={Mpy, ..., Mpy} (4)
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where U represents a user (Equation 1), Sn represents the set of
the senses (Equation 2), such as eyesight, hearing, and touch;
Cg represents cognitive functions, such asmemory and attention
(Equation 3); and Mp represents a motor function for different
parts of the body (Equation 4).

Designing a task-centered user interface for the app involved
multiple processes, according to the established guidelines and
as recommended by Punchoojit and Hongwarittorrn [55].

The stepsin the task-centered design process were adapted and
modified as necessary during the aforesaid process. We also
referred to the universal mobile app accessibility and inclusion
guidelines proposed by Ballantyne et al [56]. While designing
the mobile app, 9 steps were followed: (1) task analysis, (2)
choose the representative tasks, (3) find existing interfaces, (4)
rough out the design, (5) analyze the user interaction, (6) create
aprototype, (7) test design with users, (8) iterate, and (9) build
the design.

Task Analysis

To design this app, we first agreed on the target audience, as
the background of users (ie, children with ASD) will help the
designer to include elements in the design considering their
ahility.

Ntalindwaet al

In this process, we referred to the previous work by Diaz and
Barco [21], where a software (S is defined a set of
functionalities (F) operated by the user, which also includes a
user interface (I):

S{F4, ..., F}1} (5
In this mobile app, functionalities are defined as tasks (T) that
can be done.

S:{{TL ey Tn}l} (6)
Childrenwith ASD level 3[1] arethe only actorsin the system.

Themobileapp includesagraphica user interface (1) that allows
usersto interact with the system. From Equation 6, theinterface
is

1={Uipy, ..., Vip,} (7)

Uip={{Cp} .{C}} (8)
Equations 7 and 8 show that an interface (1) is a set of user
interface patterns (Uip) which is a group of graphic user
interface—style Cp to solve a particular problem. It is aso
associated with specific characteristics of users (C).

The use case diagram (Figure 1) illustrates the different tasks
to be performed by a user.

Figure 1. Use case diagram of the system (app). ASD: autism spectrum disorder.
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From Figure 1, it can be seen that each task is associated with
auser interface pattern Uip.

OT:Uip (9)

where OT represents the universal quantifier, meaning that for
all cases, T (task) is associated with a user interface.

From Equation 9, the task includes all actions executed by the
user.

T={Acy, ..., Ac,} (10)

Inthisapp, actionsare press, drag, and drop coinsinto aspecific
area.
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T={Press, Drag, Drop} (11)
A child with ASD drags at least one coin of the Rwandan
currency system and drops it into a provided space to get the
result. Specific feedback (eg, candy, banana, strawberries, and
donuts) comesimmediately after a successful operation. For all
users with the definite ability (A), these gifts exist as user
interface patterns.

(OUZ A) 3 Uip (12)
The user interface pattern has coins that the user can drag and

drop into the specified place, which are added up before getting
areward.
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Choose Representative Tasks

In this step, the mobile app designer analyzed a syllabus of skip
counting in the competence-based curriculum [44]. Participants
suggested numbers and coinsto represent tasksin thisapp. The
flowchart (Figure 2) illustrates the process of learning skip
counting through the developed app.

From the flowchart (Figure 2), the proposed number is given
asfollows:

Figure 2. Flowchart of the devel oped app.
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N=Z(V, ..., Vn) (13)
where N is the sum of the expected value of coinsand Z(V, ...,

V,) is the sum of the current value of coinsin the target space
plus the value of the dropped coin V,,.

Z(Vo, aeey Vn) = VO + V]_1 “.1 + Vn (14)
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Find Existing I nterfaces

In this step, we identified existing interfaces such asiConverse
[35], SPEAK all! [36], and 123 number [61] to build ideasinto
the system as much as practically possible prior to making it as
areferenceto build the actual system. These appswereinstalled
on smartphones and tabl ets and given to the children to observe
their ability to use these interfaces. The results from this
observation were closer to those from our previous study, in
which children with ASD were ableto use digital gadgetswhen
the apps installed are easy for them to use [5]. The same
methodology of observation and FGDs was used in data
collection of that study.

https://pediatrics,jmir.org/2021/3/e21471

This step helped researchers to design a good user interface
which depends on how often the users will be using the system
compared with how often they will be using systems that they
already know [58].

Rough Out the Design

First, the preliminary (rough) description of the design is
penciled on apaper. In this stage, the researchers and education
practitioners had in-depth discussions on the featuresthe system
should have before building a prototype so that it can be tested
out with the end users. Figure 3 presents an example of the
design that simulates the intended interface.
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Figure 3. Rough out the design.
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~ |

Ascan beseeninthefigure, achild with ASD pressesand drags
1 image of a coin and drops it into the designed space at the
right-hand side. The system will count the number of currencies
the child puts into the space to present the reward. The child
can repeat the same action as much as s’he can.

Analyze User Interaction

Before designing the mock-up or prototype, we first analyzed
how the users can interact with the interface that has been
roughed out while performing specific tasks. At this stage,
researchers identified areas where the users might make
mistakes, such as pressing the wrong icon of coins or trying to
go back. The analysis of the temporary interface was aso
supported by results from previous steps and experiences of
study participants.

Figure 4. Adobe Captivate interface.
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To use the developed app, children with ASD level 3 will get
support from their teachers, parents, or family members who
live with them.

Create a Prototype

The prototype of this app was designed using Adobe Captivate
version 19.0 [62], which has features to design a responsive
interface and is compatible with both Android [63], the common
platform installed in smartphones, and iOS, installed on Apple
devices[64].

This prototype was made only to find flaws in the system and
ways to improve them in terms of functionality and usability.
The Adobe Captivate interface (Figure 4) shows the template
used to design the user interface of the mobile app.
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Test Design With Users

Afterward, the prototype built was tested by chosen users at
Autisme Rwanda to bridge the gap that might till exist. This
stage helped researchers to further improve the system to suit
children with ASD in Rwanda. The researchers were then able
to analyze the list of features that may need to be improved.
After testing theinterface with the children, FGD was completed
with educators at the Autisme Rwanda Center to get more
information on the interface design.

The children wereidentified randomly from the class, regardiess
of their subject and the economic status of their parents. The
gender did not influence children’s interaction during the test.

Both teachers and parents hel ped researchersin the recruitment
of children that tested the app and continuously supported us
in monitoring the changes in the behavior of these children.
Parents of children who are not in school supported us by
monitoring their children when they used the app at their homes
during thetest period. Every child that participated in this study
was given atablet on which the app wasinstalled. The children
used the app for a 30-day period.

Iterate

Based on the test phase results, the participants (teachers and
parents) reported problems that need to be accounted for, such
as changes in the background colors of the app, images, and
feedback messages. The researchersre-designed the app to make
the recommended changes and reverified it with the participants.
The design of the interface was revised 2 times.

Build the Design

The final step in the development of this app before it may be
commercialized is building the product. We built the app after
solving the problemsidentified in the previous stepsand FGDs.
Continuous testing was performed to modify the interface
according to the needs of children with ASD whose behavior
may vary from one another.

The developed app was installed on smartphones and tablets
that will be used in the next study to evaluate theimpact of this
app on children who will be using it.

Ethics

With respect of research ethics, aletter of consent (Multimedia
Appendix 3) was signed by each teacher and parent of children
with ASD who participated in the study. Participation in the
study was entirely voluntary and no special reward was given
to the participants at the end of sessions as an acknowledgment
of their time. Ethical clearance (Multimedia Appendix 4) was
obtained from the Collegial Research Ethical Committee of the
University of Rwanda— College of Education. The collaboration
letter between the principal investigator (TN) and Autisme
Rwanda was signed before the start of the study (Multimedia
Appendix 5). The collected dataare stored in aconfidential and
secure place on a physical memory drive.
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Results

Identified Themes

A total of 10 themes emerged while devel oping this mobile app
that responds to the needs of children with ASD in order to
improvetheir numeracy skills (basic mathematics). Thethemes
are related to (1) teaching and learning numeracy for children
with ASD, (2) planning and development of a mobile app for
aperson with ASD, (3) testing amobile app, (4) strength of the
developed app against the existing ones, (5) behavioral
maintenance and relapse prevention, (6) possibilitiesto integrate
the mobile app into existing curriculum, (7) data protection for
users, (8) socia implications, (9) challenges in Rwanda, and
(10) focus on future.

Teaching and L earning Numeracy for Children With
ASD

This theme elucidates models and techniques used to support
learning numeracy for children with ASD. Teachers understood
the application of the applied behavior analysis model in a
classroom environment and were trying to implement some of
its strategies to motivate children with ASD to stay focused.
Thiswas supported by acommon statement from teacherswhich

says:

Learners with Autism need rewards like giving them
a pen or a toy to encourage them to study. We use
available tools in the school like pens or rulers to
motivate themto learn.

This succeeded when the teachers considered the needs of each
child, asthey aredifferent acrossthe spectrum. Thisissupported
by an international expert who replied to the question posted
on apublic forum:

You must consider the needs of each child, as
everybody on the spectrum is different. Some people
on the Autism Spectrum might find it difficult even to
do simple math problems, while others may find even
complicated math problemstoo easy. Some may need
more help with the X and Y values, while others may
need more help with counting money.

This statement suggests that individualswith ASD do not learn
the same way and thus the methods for teaching them need to
be different. In the public forum, a person with Asperger
syndrome said

WEI, thefirst flawin your question isthat you assume
we all learn the same. We don’'t. However, if you take
the approach that all individuals have different
learning styles, and you try to incorporate that into
your app, you might find a modicum of success.

Changes in methodologies and integration of digital tools that
respond to the individual needs of a child with ASD can help
teachers teach numeracy skills for these children.

Planning and Development of a Mobile App for a
Person With ASD

This theme explains the approach to follow when planning and
developing amobile app for children with ASD. It isimportant
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to familiarize the environment in which children with ASD live.
This is confirmed by the period for which a researcher spent
time in the school caring for children with ASD and the
collaboration letter signed by both the manager of the center
and the principal investigator (TN) of this research. While
planning the development of an app that helps children with
ASD learn, theinvolved collaborators sat together and examined
the behavior of children with ASD under different conditions.

Table 1. List of user’s requirements.

Ntalindwaet al

Equations 1-4 show that to design an interface for children with
ASD, thedesigner considered (1) the senses of the children such
as vision, hearing, and tactile; (2) cognitive level of a child to
perform a given task; and (3) the ability to exercise motor
functions to perform atask.

A list of user’s requirements (Table 1) was collected from
participants when planning the devel opment of the mobile app.

Requirements/Difficulties Requirements

Methods for gathering requirements

e Senses(Sn) .

tem.

For each action, there must be a voice associated with it. .
«  Useclear images of coins from the Rwandan currency sys-

Group interviews, observation, literature re-
view, and online open discussion.

«  Number of images of coins should be <5.

«  Cognitivefunctions(Cg)

The size of icons/coins must be big enough to enable the
precisions of children when dragging themto theright place.
Ignore the background sounds.

Use of asoft sound that can attract children to use the mobile
app.

Facilitate direct feedback using animage of the product that
isliked by children, such as doughnuts, bananas, and candy.
Reduce background colorsthat can distract children. Better

Group interviews, observation, literature re-
view, and online open discussion.

to use 1 background image whose existence is known to

children.

« Useaclear image that tells the user to return to the home

screen or to close the app.

«  Motor function (Mp) .
high resolutions such as tablets.

The user interface needs to be responsive to deviceswith

Group interviews, observation, and literature
review.

« Allow the user to repeat actions until the dragged object

reaches the target.

o Choose the app to be in alandscape position.

Equations 1, 2, 3, and 5 were also supported by a common
response from the global practitioners who replied to the
guestions posted on the forum that the app design should take
advantage of the interaction strengths by making the
accessibility limited to skill instruction and improve information
processing by being both engaging and enjoyable.

The participants suggested 3 pointsto consider when designing
the interface for children with ASD: (1) graphic design
guidelines, (2) user interface design, and (3) successrecognition
and messages.

https://pediatrics,jmir.org/2021/3/e21471

Graphic Design Guidelines

To design the graphical interface, we followed the
recommendations by Hussain et al [65] who suggested the
interface, number of pictures, size of the screen, icons, colors,
and content to ensure the comfort of children with ASD when
they use mobile apps. The graphic interface is made up of 2
main menus: (1) home and (2) exit.

The design flow (Figure 5) illustrates the app’s structure that
facilitates usersto navigate.
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Figure5. Design flow of the app.
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Figure 5 shows that the home menu is the starting point when
the app is opened while the exit icon is used only to close it.
Equation 5 defined a software app as a set of functionsthat are
associated with user interface. Home menu, exit, and images
that illustrate numbersto count arethe elements of the developed
mobile app’sinterface. Equation 6 substituted the functionalities
with tasks that users are expected to do within a software app
via an interface. In this app, a child with ASD presses one of
the figures to start counting numbers.

Equation 7 shows that an interface (1) is a set of user interface
patterns (Uip) that facilitate users to interact with the system.
From the home menu, a user can navigate through the system
by touching 1 out of 5icons: (1) counting by 5, (2) counting by
10, (3) counting by 20, (4) counting by 50, and (5) counting by
100. Equation 8 shows that a child with ASD who presents
different characteristics presses one of these icons to start
counting to achieve a certain goal.

Equation 9 demonstratesthat under each submenu, auser counts
Rwandan francs coins[66] that correspond to the number he or
she heard from the voice (Equations 1-4).

Figure 6. Thelanding page of the app.

To perform a task presented in Equations 10 and 11, a child
with ASD drags at least one coin to a provided space to get the
feedback (eg, candy, banana, strawberries, and others). The
feedback for each action isthe interfaces proposed in Equation
12.

User Interface Design

The user interface is mainly divided into 2 categories based on
menus specified in Figure 5: (1) landing page and (2) other
pages.

Landing Page

After launching the app, the landing page shows all categories
of skip counting numbers. Theimages of currency were not put
on the home page to prevent theloss of concentration of children
as recommended in Equation 3. Figure 6 shows the design of
the landing page of the app, which presents 4 options, among

which auser can press one to initiate the operation (Equations
5and 6).

Skip counting for children with Autism

~ Counting by 5 Counting by 20

100

Counting by 100
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ounting by 50
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Other Pages

Other pages become viewable after pressing an icon from the
landing page asindicated in Equation 9. Each task is associated
with aspecific useinterface (Equation 6). Theinterface contains
a set of coins that are used in the Rwandan currency system,
namely, 5 francs, 10 francs, 20 francs, 50 francs, and 100 francs
[65]. The child is asked to drag coins one by one to the
destination placeto get areward. Figures 7 and 8 show examples
of the pages of counting by 5 before and after an operation,
respectively. A child identifies coins of 5 francsand dragsthem
into the box at the right-hand side and then after a successful
operation ghe is given a reward of candy (Equations 10 and
11).

A childisasked to drag and drop coins of 5 francsto get acandy
(Figure 7). Equation 13 shows that the current valueis set to 0

Figure 7. Counting by 5 interface.

Ntalindwa et a

initially, with values added after dropping each coin, as
presented in Equation 14.

Using an example of counting by 5, the value of Equation 14
isasfollows:

N=Vy+Vi++V,

VOZO, V1:5, V2:5

N=0+5+5

N=10
Thus, the price of 1 candy is 10 Rwandan francs. Figure 8 shows
the gift of candy offered to a child after a successful operation.

In each step, the child with ASD has an interface containing the
image, text, and audio (Equation 9).

.

.
ssssssssssmsmnnnnnmnne®

. Y Check your
e answer
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Figure 8. Theinterface of counting by 5 after dragging 2 coins of 5 francs.
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Success Recognition and M essages

To encourage children with ASD, it was recommended to award
a specia gift at every step of the operation. This mobile app
provides different rewardsthat are commonin their surrounding

Figure9. Thereward of bananas after dragging 2 coins of 20 francs.

OEEOOD
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environment, such as doughnuts, bananas, and candies. Some
example are asfollows: the reward of bananas after dragging 2
coins of 20 francs (Figure 9), the reward of doughnuts after
dragging 2 coins of 50 francs (Figure 10), and the reward of
strawberries after dragging 2 coins of 100 francs (Figure 11).

(]
(]
(]
(]
(]
(]
(]
L]

x
-

.

e

Children with ASD were interested in the recognition message
and image of the product which was offered to them after
successfully completing an operation. Thiswas supported by a
teacher who said:

Children are most excited with the sound of
congratulations after they succeed to count coins. As
an educator, | found that this application can help
much in my teaching activities when it will be
improved to cover the whole curriculum.
Theintegration of visual and audio featuresin the |CT-enabled
technologies can improve the attention of children with ASD
when they are learning. In this app, every action is associated

https://pediatrics,jmir.org/2021/3/e21471
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with a sound that informs the child what s/he is expected to do
to get areward.

Figure 10 shows a reward of 2 doughnuts after a child
successfully counted 2 coins of 50 Rwandan francs. Counting
2 coins makes the child happy because of the reward—2
doughnuts. Continuing the exercises in this app stimulates
children to be engaged in using the local currency to buy basic
needs.

The changes in the product of reward encourage children to
continue using the mobile app to find the next message and
product. Figure 11 shows that the child succeeded in dragging
1 coin of 100 Rwandan francs and got a reward of 2
strawberries.
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Figure 10. Thereward of doughnuts after dragging 2 coins of 50 francs.

The children who use the developed mobile app get areward  Testing a M obile App

after successfully counting the number of coinsthat are equal  T1jstheme demonstrates the result of testing the devel oped app.
tothe cost of the product (reward) set inthe system. Thechildren A (otal of 35 children in the Autisme Rwanda tested the app,

get amessage to try again when she dragged thewrong coin. - ich was monitored by the teachersin the center. Five children

who are not in the center were visited at their homes. Table 2
presents an overview of staff and children at the center.
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Table 2. Status of Autisme Rwandain 2020.
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Information on children and staff Value
Children, n
Male 38
Female 7
Total 45
Children age (years), range 2-12
Staff, n
Teachers 12
Teachers' assistants 8
Technicians and hygienic personnel 16
Total 36

An observation of the children using the developed app
demonstrated its success, as it answered to their individual
needs.

Findingsfrom the test showed that it is crucia to customizethe
app in different forms, but with the same goal, so asto cater to
each child’s behavior.

Thiswas supported by acomment by a participant on the Quora
platform who responded to the question regarding the
background color to be used in the app:

That'stotally up to the child. Many of them don't show
any special indication of liking certain colors. When
my autistic son was young, he liked orange, but after
about the age of seven, he wore nothing but black.
He's 36 years old and still wears nothing but black.
Occasionally we can talk him into charcoal, but it
doesn't last long.

The development of apps for children with ASD is a long
processto accompany anindividual in his/her life. It istherefore
crucia to aways change the content and format of the app to
respond to the behavior of each child with ASD. These changes
are also supported by another parent from the Quoraforum who
said

My son loves very intense, bright colors. But that

doesn't mean everyone on the spectrum would. They

areall individuals.

Table 3. The number of participants.

While suggestions were reported by some users, many found
the app promising to improve thelearning of children with ASD
in Rwanda. Thiswas supported by a parent who said,

What | can see is that by using this application, my
kid will gradually increase the knowl edge in counting
money and | hope it will help him to use that
knowledge in the society even though he is not
enrolled in the school.

Using ICT tools, children with ASD learn more skills, which
they can employ in their daily lives without being at school.

Children using the app showed more interest in continuing to
use with the app, as they are familiar with the images of coins
used in the app, which were similar to the onesthey usein their
families. This was supported by one parent who said,

My son was very interested in using this application
because he always sees the coins we use at home. |
believe within thetime; my child will be ableto count
money.
Children with ASD can learn counting from the electronic device
when the app is contextualized with the environment.

Table 3 shows the phases in which 55 participants participated
during the design, development, test, and evaluation of the
mobile app.

Participants Design and evaluation, n Development, n Test, n Total, n
Teacher 5 0 0 5
Parents 10 0 0 10
Children with ASD enrolled in a school 0 0 35 35
Children with ASD not enrolled in school 0 0 5 5

Total 15 0 40 55
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Strength of the Developed App Against the Existing
Apps

This theme confirmed the positive effect of the app on children
with ASD in their learning of numeracy skills. However, the
result from the observation of children with ASD using SPEAK
al! [36] and 123 number [61] indicated that it was difficult to
adapt the existing interface to the needs of children with ASD
when they were devel oped in acontext different from what they
are currently living in.

This was supported by all teachers who participated in this
study. One of the teachers said,

Normally these children face the problem of
communicationingeneral. Itisvery difficult for them
tolearn new content which isin the foreign language
and the content is not adapted to the local
environment.

Many teachers and parents suggested re-creation of content
adapted to the existing environment to enable children with
ASD to learn from the objects they are familiar with.

The participants found the devel oped mobile app to have more
impact, compared with other apps, on the learning of children
with ASD in Rwanda.

This was supported by a common statement from parents:

This application will have a positive impact on the
learning of our children because the coins used in
the application are those we use in our daily life.

Despite this positive statement, participants suggested the need
to have the app in the local language. Children with ASD have
difficulties in verbal communication. Thus, it is crucial to use
their mother tongue to enable them to learn new skills.

Behavioral Maintenance and Relapse Prevention

Children with ASD tend to lose focus when communicating
with others. This mostly happens due to distraction, which is
commonly noted in these children in an inclusive environment.
The instant motivational feedback when a child completes the
operation makes him/her focus on using the app.

This is supported by an autism consultant who replied to a
guestion posted on the Quora forum:

Just because they might not look at you does not mean
that they are not paying attention or focusing. Istheir
ability to focus compromised by the sensory onslaught
that is going on in the room?

The participants also suggested the consideration of different
factors such aslevel of noiseintheroom, smells, and movement
that can make children with ASD losetheir focus. Thesefactors
can be also associated with the health conditions as reported by
the same consultant.

Some autistic peopl e have difficulty with interception,
understanding messages from our body. The child
might have a headache, earache, stomachache, etc.
but not be able to let you know. Or, this might be a
constant state for them, again, making it harder to
focus.

https://pediatrics,jmir.org/2021/3/e21471
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The parentswho participated in the study suggested giving time
to the children when they are not following the instructions.

The children with ASD generally do not follow all the
instructionswe are giving them, but we are surprised
to see them practicing what we were expected from
them to do when they follow the instructions, and we
hope with ICT can help better to improve their level
of skills. [A common statement from parents]

The provision of educational mobile apps that provide instant
feedback at every step can help children with ASD stay focused
and gradually improve their level of skillsin different subjects.

Possibilitiesto Integratethe M obile App Into Existing
Curriculum

Teachers who participated in this study said that children with
ASD enjoyed using digital devices that have audio and visua
features. Thus, it is recommended to provide digital devicesin
the classwith content related to the intended learning outcomes.

ICT can bring a positive impact when they are used
in class, but it isbetter to select applicationsthat can
respond to the planned objective. [A common
statement from teachers]

The results from the test phase of the developed app were
promising for its usein one section of the mathematics syllabus
in a competency-based curriculum.

| found that thelevel of children with ASD in my class
has been improved after using this application.
However, it takes much timeto learn fromit compared
to normal students.

Learning anew subject for children with ASD takeslonger than
that for normal students. Therefore, the teachers suggested
additional timeto the time planned in the curriculum for normal
students.

Response from parents proved that it is possible to learn basic
mathematics outside the classroom by using 1CT-enabled
assistive technologies.

my kid is now trying to count money after using this
mobile application. But it took time to learn it, it
requires more time to expose the child to the
application and play with it. [Mother of a child with
ASD]

Changes in the structure of the curriculum and integration of
ICT in every section of the syllabus are recommended toinclude
children with ASD in the normal educational system. This
succeeds when the changes in methods of teaching children are
also adopted.

An autigtic child can learn anything that a
neurotypical child can. The challenge is in the
different approach to teaching (with careful
consideration to the different way their brain/mind
works) (e.g. using pictures rather than words to
explain concepts, or using tactile feeling to aid
memory/understanding), and the learning
environment isaccepting of and accommodating their

JMIR Pediatr Parent 2021 | vol. 4 | iss. 3 |e21471 | p.68
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

needs. [ Response from Adult diagnosed on the autism
spectrum from Quora forum]

The adaptation of content to children with ASD ispossiblewhen
the use of text inteaching isreduced and the ICT isempowered
with audio—visual features.

Data Protection for Users

Privacy of information about users of mobile apps remains
critical among participants.

The partici pants suggested not to expose any information about
childrenwith ASD. Thisinformation includestheir images and
information about their families. This policy was also supported
by the school management which prohibited the use of children’s
photograph within the app.

Parents suggested disabling the camerawhen children are using
the mobile app and preventing the app from taking any other
information from children when using it.

Usually in the community, thereisa misunderstanding
of the cause of the ASD. We accept our children, but
we don’t want to share their images outside unless
they are at school. [A common statement from
parents]

Thisis aso supported by ateacher who said,

| remember when | was doing my academic research,
one parent told me that many people are coming to
visit him to do marketing of his child for business
purposes. Now | cannot not allow anyone to take a
picture of my child.

Although the use of ICT suggests the possibility of improving
the learning ability of children with ASD, some features such
as pervasive monitoring, facial recognition, biometrics, and
blanket dataretention practices are not recommended to be used
in the educational app for children with ASD.

Social Implications

This theme illustrates the social benefits and challenges
associated with the use of the mobile app. Children with ASD
have limited social communication skills, which is a major
barrier to their learning. Thus, the participants expected the
mobile app to improve the social relationship among children
with ASD and the community.

| believe that the continuous use of mobile

applications that are designed by considering this

environment can also make children cope with the

environment like going to shop, bringing some

products and others. [A father of achild with ASD]
Children with ASD can benefit from the practica knowledge
of using money, thereby improving their relationship and
communication with economic dealers.

However, some participants also reported a negative effect of
the use of a mobile app for children with ASD that can affect
their lives. They suggested time limit to restrict the continuous
use of the app by children, which will also allow them to learn
from other normal persons while not solely depending on the
app for learning.

https://pediatrics,jmir.org/2021/3/e21471
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Using the mobile application is helpful to our
children, however allowing them to learn only from
the application can make them addicted with
technology. [A common statement from teachers)

Thus, mixing the technology with traditional educational
interventions for children with ASD can bring about a positive
impact on the life of these children and improve their social
living with the community.

Challengesin Rwanda

Changes in behavior and feelings among children with ASD
may be a barrier to the development of ICT tools enabled with
assistivetechnol ogiesin Rwanda. The response from the Quora
forum about the colors the children with ASD like indicates
that their color preference changes with their age.

That'stotally up to the child. Many of them don't show
any special indication of liking certain colors. When
my autistic son was young, he liked orange, but after
about the age of seven he wore nothing but black.
He's 36 years old and still wears nothing but black.
Occasionally we can talk him into charcoal, but it
doesn't last long.

Teachers who participated in this study suggested a continuous
change of featuresin app depending on the behavior of achild.

The developed application can be helpful when
children have a common preference. Aswe seeit will
succeed if the designer of the system can continually
update it depending on the changes of behavior of
our children. [A common statement from teachers]

The development of a mobile app for children with ASD
requires continuous iteration in the design process. However,
theinsufficient number of ICT techniciansand qualified teachers
available to participate in the design and development of a
mobile app that responds to the needs of children with ASD
remains a challenge in Rwanda.

Participants also reported difficulties in accessing the app
because it can only be used on tablets or smartphones. This
makes the mobile app inaccessible for children from families
with a less privileged background. The provision of low-cost
devices to families with low income is recommended by the
participants.

Focuson Future

The last theme is to identify the views and recommendations
from participants to be considered in the future when planning
and devel oping mobileappsfor children with ASD. Thefindings
of this study suggested the importance of developing a
family-centered process that requires parents to support their
children. In this study, most teachers suggested a collaboration
between software developers to develop apps that respond to
the needs of the children.

As we see, the design of the application for these
children is a long process. We suggest building a
good collaboration with application developers to
make sure that the application can respond to the
needs of the children. [A common statement form
teachers]
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Developing a software app involves collaboration with the
stakeholdersin every step of development. However, if the users
are persons with mental disorders such as ASD, this requires
strong participation of persons who live with them. The
development of a mobile app for the whole competency-based
curriculum is also recommended by teachers.

The parents reported the use of the mobile app to support the
transition of children from childhood to adult life if it is
continuously updated according to the level of children and the
changesin their behavior.

The behavior of our children is changed within time.
We suggest a continuous change in application to
accompany the children in their development till
adulthood. [A common statement from parents]

Using digital technol ogies supports social inclusion of children
with ASD when thesetools are systematically updated and meet
the environmental context. Succeeding in the development and
use of mobile apps for children with ASD requires a strong
collaboration between educators, parents, and digita technology
industries.

Discussion

Principal Findings

There has been continuous effort to increase community
engagement in the development of learning tools for children
with ASD. This study suggested continuous changes in the
methodol ogy used to teach children with ASD, and asystematic
update of featuresin the devel oped app by considering the social
norms, behavior, and privacy of these children. The responses
collected from Quora [52] also suggested continuous changes
in the features of the app so as to adapt it to the behavior of
children with ASD during their different levelsof devel opment.
Thiswas supported by the study by Buteau-poulin et al [67], in
which the authors recommended the regular update of
information related to special education of children with
disabilitiesthat is available online. Participants from the Quora
platform said that children can learn anything from digital
devices even in cases where they tend not to look at the
instructor during their class hours. Thisis possible only when
the content meets the needs of the child and is structured around
many different learning activities intended for real-world use
[6,68].

We used coins and voices to keep the children focused. This
was used as areinforcement, as positive reinforcement has been
utilized to keep children motivated during learning [7,69]. A
study by Tzanakaki et a [70] reported that succeeding in
teaching numeracy to children with ASD requires the use of
various models that help students to stay focused. Moreover,
childrenwith ASD learn more easily from visual cuesand videos
promoted to enhance teaching and learning in an inclusive
classroom [71,72]. Conoyer et a [73] evaluated different
numeracy domains in the early grades such as oral counting,
number recognition, touch count, missing number, and number
relations. Hussain et al [65] recommended avoiding destructive
voices and images that can make children lose focus. The
interface designed in this study used 4 images of coinsand each
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action is associated with a sound. Moreover, the success of ICT
tools for education depends on the full participation of parents
and educators of children with ASD [74]. Gamification of
content [33] when teaching children with ASD isuseful, asthis
made it possible to keep the children stay focused in this study;
in this regard, having an interface that is more friendly and
enjoyable is also important [56]. Many mobile apps were
developed to support children with ASD [19], but some of them
failed when used in different geographical contexts. To avoid
this mistake, the interface designer in this study followed the
guidelines prescribed previously [75] and the curriculum of
basic education in Rwanda [44].

Theinclusive curriculum, which aims at improving access and
successful participation in the education of a person with
disabilities, can bring a positive impact when ICT is fully
integrated within the teaching and learning practices [76].
Results of thisstudy show that by using ICT tools, children with
ASD learn more skills commonly practiced in their daily lives
without attending a school. However, it is difficult to follow
theformal curriculum design when teaching children with ASD
[15]. Thisis supported by different strategies [77], such asthe
development of competencies of teachers in teaching children
with ASD before enrolling them into mainstream schools. The
improvement of infrastructure, such as assistive technologies
enabled with ICT, is reported to have a positive impact on
facilitating the learning of children with ASD [78].

The study by Diener et a [79] reported that assistive
technol ogies can helpimprovetheinner skillshiddenin children
with ASD. The exposure of children with ASD to digital tools
can bring about positive effects [80]. However, children with
ASD are engaged only when moretimeisgiven to themto play
with digital devices[5,81]. This approach is also supported by
Song et a [82] who reported success in assisting persons with
communication difficulties through ICT tools. Our results are
no different. To sum up, children with ASD can benefit from
app knowledge and utilize the knowledge gained to improve
their communication in day-to-day economic activities.

Degspite the advantages of using ICT tools in the education of
children with ASD in Rwanda, there remain challenges of social
implication when children with ASD are exposed to the digital
tools for along period [33,83]. However, parents and teachers
are encouraged to supervise children with ASD to be able to
manage challenging behavior(s) that may occur upon removal
of the digital device [7]. Although the use of ICT tools in
education continues to be encouraged to support learning of
children with ASD, thereis an increasing need for educational
ICT tools such as mobile appsthat support inclusion of children
with ASD in the general education system [84]. By engaging
the stakeholders to drive the development of the mobile app,
we are addressing the needs of familiesand educatorsto improve
the lives of children with ASD in the society.

Strengthsand Limitations

The researchers of this study intended to find an ICT solution
that can support the current competency-based curriculum of
basic education in the Rwandan education system.

This study has the following strengths:
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- It reflects the experiences of teachers and parents who are
in service to support children with ASD.

- It wasconducted by experienced researchersin thefield of
education, information technology, special education, and
ASD.

«  Thetest was performed by children with ASD themselves
while parents and teachers contributed to the improvement
of the devel oped app.

This study followed the practical recommendations of Gowen
et a [75], which helped researchers to familiarize with the
autism community. These recommendations are (1) prestudy
considerations, (2) recruitment of participants, (3) study visit
considerations, and (4) poststudy considerations.

The rationale was that teachers can adapt to different new
methods and tools that are innovative to improve the teaching
and learning process. The researchersin this study selected skip
counting as alearning method that can help children with ASD
to improve their mathematical skills that are used in real life
[73].

The study has the following limitations: (1) it explored only 1
topic among the 36 topics (3%) of planned contents of the
syllabusthat is supposed to help children learn basic numeracy
a an early age and (2) there may be some long-term
disadvantages experienced by the teachers due to constant
changes and updates to the app (ie, technical and pedagogy
challenges).
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In future studies, al content corresponding to the existing
syllabus should be explored and alow moretimefor participants
to test the interface and take into consideration much of their
views. A study on the impact of the developed app may help
uncover both the long-term advantages and disadvantages that
teachers may experience during the implementation of new
curriculum. Another potential solution that should be further
explored is the development of personalized ICT solutions for
each subject planned in the competency-based curriculum that
can respond to the needs of children with ASD.

Conclusions

ThelCT haspromisingly paved itsway into thefield of teaching
and treating children with ASD. Rapid advancement has been
achieved by developing different ICT tools to improve the
quality of lifefor children with ASD. However, the community
playsarobust rolein the planning, development, and evaluation
of amobileapp for children with ASD. In this study, we focused
on developing auser-friendly effective tool (amobile app) that
responds to the needs of children with ASD and eliminates the
barriers of learning basic mathematical skills. The community
and end users should play the pivota role in the planning,
development, and eval uation of any digital tools and techniques
to ensure their acceptability and successful integration. This
study may be the starting point for future studies that facilitate
the successful integration of individuals with autism into the
society of Rwanda by utilizing different digital tools in order
to ensure their participation in different learning and economic
activities.
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Abstract

Background: Research shows promise for the use of mobile health interventions to improve access to care for mothers and
infants. Although adol escent mothersin particular are comfortable with technol ogy and often face barriersto accessing care, data
on the use of digital interventions with young mothers are limited.

Objective: Thisstudy aimsto examine technology access and use behavior among adolescent mothersin Lima, Peru, to inform
the development of technology-mediated perinatal interventions for high-risk mothers and infants in low- and middle-income
countries and other areas with limited access to care.

Methods: This mixed methods study consisted of a phone survey about technology access (N=29), focus group discussions
with clinicians (N=25), and semistructured in-depth interviews with adol escent mothers (N=10) and their family members (N=8)
inLima

Results: All adolescent mothers surveyed had access to a smartphone, and nearly half had access to a computer or tablet.
However, participants reported a number of obstacles to consistent smartphone access related to the financial precarity of their

situations. Examples of thisincluded difficulty affording phone services, using shared plans, and |osing smartphones because of
theft.

Conclusions: Thesefindingsindicate that adolescent mothers are connected to technol ogy, highlighting the potential scalability
of technology-based health interventions for adolescent mothersin low- and middle-income countries while identifying barriers
that need to be addressed.

(IMIR Pediatr Parent 2021;4(3):€30240) doi:10.2196/30240
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Introduction

Background

According to the International Telecommunication Union’s
2016 report, 95% of the world lives in an area covered by a
mobile cellular network and 85% is covered by cell phone
signals[1,2]. Over the past few years, there has been significant
growth in the use of mobile health (mHealth) technologies in
low- and middle-income countries (LMICs), with infectious
diseases and maternal health being the most frequent targetsfor
these interventions [3,4]. mHealth interventions can be
categorized by their purpose, including prevention and
education, information sharing, and communication [5]. mHedlth
technologies hold promise for addressing challenges in health
care access, delivery, and knowledge by better reaching
individuals who may have difficulty accessing services[6].

Studies have identified maternal and child health as areas in
which mHealth and other digital interventions hold significant
promisefor improving health outcomesin LMICs. A systematic
review of the use of mHealth interventionsin LMICsto address
maternal health challenges found that mobile technologies had
been used successfully in several areas, including data
collection, decision support, and appointment reminders.
Although these interventions showed promise for improving
maternal health in LMICs, most of the studies were of low to
moderate quality, indicating aneed for more rigorous methods
in this area [7]. Mothers in LMICs often do not receive the
recommended number of antenatal or postnatal care contacts
and experience gaps in knowledge and self-efficacy to provide
carefor their children at home [8]. mHealth interventions during
this time can help improve access to information and care [8].
A recent systematic review focused on the use of mHealth
educational interventions during the perinatal period and found
that motherswho received these interventions had asignificantly
greater number of antenatal and postnatal care contacts[9]. A
particularly successful example of an mHealth intervention that
was scaled up in South Africa was the Mobile Alliance for
Maternal Action project. This project connected mothersto the
health care system by SMS text messaging, encouraged them
to attend antenatal visits, and gave them information about
pregnancy and childcare [10].

Maternal mental health is closely linked to maternal and child
health outcomes[11-13]. For thisreason, digital psychological
interventions also hold promise for improving maternal and
child health in resource-limited settings. For example, adigital
intervention developed for low-income mothers living in rural
areas of the United States was associated with increased
maternal sensitivity and reduced maternal depression [14].
Despite the promise of technology to decrease disparities in
access to care, research on digital interventions in LMICs has
lagged behind high-income countries (HICs). However, in the
past decade, researchers have begun to explore the use of
technology-mediated mental health interventions in LMIC
settings. In a systematic review of 19 telemental health
intervention studies, the findings varied markedly based on how
the intervention was delivered and the control condition used
[15]. A recent systematic review and meta-analysis of 22 studies
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of digital psychological interventionsin LMICs found that the
interventions were moderately effective compared with usual
care and concluded that digital interventions should be used in
areas where there is inadequate access to in-person treatment
[16]. Overal, thisresearch indicates arising trend in the use of
mHealth and other digital interventionsin LMICs, aswell asa
need for more empirical studiesin thisarea[15].

LMICsaccount for 95% of adolescent birthsglobally [17]. The
adolescent pregnancy ratein LMICsis 48 births per 1000 girls
(aged 15-19 years) per year, more than triple the rate in HICs
(15 births per 1000 girls) [18]. Although mHealth interventions,
specifically for adolescent mothers, are largely absent from the
literature, the success of digital psychological interventionswith
adol escents suggests that it could be a useful tool to close the
gap in access to care in this population. Digital psychological
interventions have been demonstrated to be acceptable and
feasible for adolescents [19,20]. The anonymity that
internet-based interventions provide s reassuring to adolescents
who are particularly sensitive to socia stigmaand have greater
comfort with technology [21]. One systematic review of 22
randomized controlled trials of technology-mediated
interventions for adol escents with depression or anxiety found
improvements in depression and anxiety symptoms at the end
of the intervention, but few studies conducted long-term
follow-up [20].

Finally, mobiletechnol ogy may also hold promisefor measuring
outcomes for parenting interventions, although thereislimited
research in this area in LMICs. Traditional methods of
measuring parenting behavior, including dyad observation and
retrospective questionnaires, can be resource intensive. To
address these challenges, Fatori et al [22] tested the use of an
electronic daily diary to measure the effects of anursing home
visiting program for adolescent mothers in Brazil. They found
both high compliance to the electronic daily diary (84%) and a
positive impact of the intervention on parental well-being and
maternal parenting [22].

Although mHealth interventions hold potential to improve
maternal health and adolescent parenting, LMIC settings face
unique barriers to successful implementation. For the Mobile
Alliance for Maternal Action project, described earlier,
facilitators for this intervention’s scale-up included political
will, stakeholders' engagement, and adaptation to the South
African context, whereas cost and financial sustainability were
identified as barriers to scale-up [10]. Additional barriers
identified to the scale-up and use of mHealth interventions in
LMICs include lack of infrastructure or equipment, limited
economic resources and literacy of users, privacy and
confidentiality concerns, data costs, and network coverage and
speed; only 7% of broadband subscriptions in LMICs have
speeds of 10 megabits per second or higher [1,3].

Objectives

In summary, research shows promise for the use of mHealth
interventionsto improve maternal and child health by increasing
affordable access to care. However, athough adolescent
mothers, in particular, are more comfortable with technology
and can have difficulty accessing hospital- or clinic-based care,
datafor the use of mHealth interventions with adolescents and
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in LMIC settings are limited. To address some of these gapsin
the literature, this study examined technology access and use
behavior among adolescent mothers in Lima, Peru, to inform
the devel opment of technology-mediated perinatal interventions
for high-risk mothersand infantsin LMICsand other areaswith
limited access to care. Peru is a middle-income country, with
an adol escent fertility rate of 55 births per 1000 girlsaged 15-19
years.

Methods

Study Setting

This study was conducted in Lima, Peru. Participants were
recruited from 2 different clinical sites in Lima Instituto
Naciona Materno Perinatal (INMP) is the primary reference
establishment for maternal and perinatal care operated by the
Ministry of Health of the Peruvian Government. It serves
low-income women who are publicly insured. Taller de Nifios
(TANI) is a nongovernmental organization that has been
operating in Peru for more than 40 years, providing medical
care and other services to infants and their families residing in
the San Juan de Lurigancho District of Lima. With more than
onemillion people, thisdistrict isLima smost populousdistrict.
Many of itsresidents have recently migrated from rural province
aress.

Participants and Procedures

Overview

This mixed methods study comprising quantitative phone
surveys, qualitative focus groups, and in-depth individual
interviews. The qualitative data were collected as part of a
broader assessment of the needs and preferences of adol escent
mothers and their families to inform the development of a
perinatal intervention. This study focuses specifically on the
findings related to the use of technol ogy.

Quantitative

Quantitative data collection consisted of a47-item phone survey
that included questions about basic demographic information
and technology access and use. The survey took approximately
15 minutesto administer. Preghant and postpartum adol escents
were recruited from patient records at INMP. Women between
theagesof 14 and 19 who had given birth between May 1, 2019,
and May 1, 2020, or were due to give birth before September
1, 2020, were eligible to participate. The goa wasto survey 25
to 40 mothers to obtain a representative sample. Potential
participants were contacted in May 2020. A total of 57
adol escents were contacted by phone and invited to participate
in the survey; of these, 28 (49%) were unreachable by phone,
whereas the remaining 29 (51%) were reached and agreed to
participate.

Qualitative

Quialitative data collection consisted of 4 clinician focus groups
(n=25), 10 in-depth interviews with adol escent mothers (n=10),
and 8 in-depth interviewswith other caregivers (n=8). Thefocus
groups and interviewers were coconducted by 2
Spanish-speaking members of the research team. All focus
groups and interviewers were audio recorded. One member of
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the research team asked questions, whereas the other took notes.
Three focus groups were composed of clinicians from INMP,
and onefocus group was conducted with cliniciansfrom TANI.
After each focus group and interview, amember of the research
team listened to the recording to review what had been discussed
and consider how to explore topics of interest in greater depth
until theoretical saturation was reached [23].

Participantsin the clinician focus groups were recruited through
the heads of the clinical services, who disseminated information
about the study and worked with study staff to organize and
schedule the focus groups. All clinicians who cared for
adolescents during the perinatal period were eligible to
participate in the study. The focus groups were conducted from
July 1 to July 5, 2019. Each focus group was conducted in a
private room at the clinical site and lasted for 90-120 minutes.
The focus group discussion guide was designed to dlicit
clinicians' perspectives on the needs of pregnant adolescents,
adolescent mothers, and their families. This included
educational, medical, physical, and emotional needs and ideas
about how these needs could best be addressed. Focus group
discussions were conducted before individua interviews, and
major themeswereidentified and further explored in individual
interviews.

Adolescent motherswho participated in thein-depth interviews
were identified from birth records at INMP. Adolescents
between the ages of 14 and 19 years who had given birth at
INM P within the previous 15 monthswere eligibleto participate.
Potential participants were excluded if their infant had died, if
they were not living in the Lima area, or if they did not speak
Spanish. Interviews began on July 8, 2019, and were completed
on February 22, 2020. Each interview was conducted in aprivate
space at the participant’s home. The interviewer spent 4 hours
at each home. Interviewswere conducted in Spanish by atrained
research assistant and lasted about 1.5 hours, and the rest of the
time was spent conducting a more informal ethnographic
observation of the living situation of the mother and infant.
Similar to the focus groups, the recordings were reviewed after
each interview to determine which topics needed to be explored
in greater depth and identify when theoretical saturation was
reached [23].

Parti cipants were asked whether there was anyone hel ping them
carefor their infantswho were availableto beinterviewed. This
way, 8 other caregivers were identified—3 were fathers of the
infants, 2 were mothers of the adolescent mothers, 1 was a
mother-in-law, 1 was a grandmother, and 1 was a grandfather.
In some cases, the adolescent mother and the other caregiver
were interviewed sequentially during a single visit; in other
cases, a separate in-person interview was scheduled.

The interview guide for adolescent mothers was designed and
implemented by the researchers to understand the experiences
of adolescent pregnancy and motherhood, identify their unmet
needs, potential intervention targets, and potential barriers to
and facilitators of acceptance of a perinatal intervention in this
population. The interview guide for other caregivers was
designed to elicit caregivers perceptions of the mother's
experience, aswell asthe caregivers own experiences and their
relationships with their mothers. The research team made
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revisions to the interview guide after each interview to refine
and deepen the questions. All participants provided informed
consent. The ingtitutional review boards of the INMP, Lima,
Peru, and theHarvard T H Chan School of Public Health, Office
of Human Research Administration, Boston approved all the
procedures used in this study.

Analysis

Quantitative Analysis

The survey data were stored and analyzed in Microsoft Excel
[24]. Mean and SD statistics were cal culated using this software.

Qualitative Analysis

Focus groups and interviews were transcribed verbatim by a
Peruvian member of the research team and werethen trandlated
into English by a bilingual team member. The codebooks were
devel oped in Spanish, and the transcripts were coded in Spanish.
Once the coding was completed, the same coding was applied
to the English trandations so that the findings could be
disseminated in English. A directed content analysis was used
based on the goals of informing intervention adaptation [25].
Coders worked in 3 teams of 2, with one team coding focus
groups, another team coding mother interviews, and athird team
coding caregiver interviews. First, coders read the transcripts
and developed initial codebooks over a series of meetings. Once
coding began, the teams met after coding each transcript to
discuss and revise the codebooks. The transcripts were then
recoded using the revised codebook. Memoing was used
throughout the processto generate new codes, refine definitions,

Table 1. Demographic characteristics of phone survey participants (N=29).
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and relate codes to each other [23]. Intercoder reliability was
measured using the k statistic [26].

Both inductive and deductive approaches were used to analyze
data[23]. First, the manifest content was grouped thematically.
Thematic groupings were then labeled, and these group labels
were used to generate broad themes. These broad, overarching
themes were divided into subthemes. Within each theme and
subtheme, the researchers drew comparisons, looking for overlap
and differences and newly emerging topics and patterns. The
themesidentified included technol ogy access, barriersto access,
attitudes toward technology use, problems associated with
technology use, and expectations and desires related to
technology. Responses were reviewed to identify each theme
and subtheme. NVivo (QSR International) was used for data
management [27]. Intercoder reliability was substantial (k>0.6)
[28,29]. For the focus groups, the intercoder reliability was
k=0.70. For adolescent mother interviews, the intercoder
reliability was k=0.67. For other caregiver interviews, the
intercoder reliability was k=0.79.

Results

Descriptive Data

A total of 29 participants completed the phone surveys (57 were
contacted; 28 were unreachable). They were al between the
ages of 14 and 19 years, with an average age of 17.8 years (SD
1.5). A total of 23 participants were pregnant, and 6 had given
birth within the past year (Table 1).

Characteristic Value
Age (years), mean (SD) 17.8 (1.5)
Pregnant, n (%) 23(79)
Postpartum, n (%) 6 (21)

Participant demographicsfor the quditative data are summarized
in Tables 2-4. A total of 25 clinicians participated in the focus
group. They were between the ages of 24 and 66 years, with an
average age of 47.7 (SD 14.5) years. The clinical disciplines
represented were physicians (obstetrician/gynecol ogists), nurses,
psychologists, midwives, social workers, and community health
workers. A majority of the clinicians were female; there were
3 male physicians and 1 male psychologist. The duration of
their clinical experienceranged from lessthan ayear to 43 years,
with an average of 16.6 (SD 13.2) years (Table 2). Participants
recruited from TANI were typically younger and had less
clinical experience than those recruited from the INMP.

https://pediatrics.,jmir.org/2021/3/€30240

In-depth interviews were conducted with 10 adol escent mothers
and 8 other caregivers. Adolescent mothers were an average
age of 16.6 years (SD 1.6); the fathers of their infants were an
average age of 21.2 years (SD 3.9). The agerange of theinfants
was 2-14 months, with an average age of 6.8 (SD 4.2) months
(Table 3). Of the 8 other caregiversinterviewed, 3 (38%) were
infants' fathers, 2 (25%) were maternal grandmothers (mothers
of the adolescents), 1 (13%) was a paternal grandmother, 1
(13%) was a materna great-grandmother, and 1 (13%) was a
maternal great-grandfather (Table 4).
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Table 2. Demographic characteristics of focus group participants (N=25).

Levey et a

Characteristic Value
Age (years), mean (SD) 47.7 (14.5)
Female, n (%) 21 (84)
Male, n (%) 4(16)
Physicians, n (%) 5(20)
Nurses, n (%) 5(20)
Psychologists, n (%) 5 (20)
Midwives, n (%) 4(16)
Socia workers, n (%) 4(16)
Community health workers, n (%) 2(8)
Clinical experience (years), mean (SD) 16.6 (13.2)
Table 3. Demographic characteristics of adolescent mothers (N=10).
Characteristic Value
Age of mothers (years), mean (SD) 16.6 (1.6)
Age of fathers (years), mean (SD) 21.2(3.9)
Age of infants (months), mean (SD) 6.8 (4.2
Living with family, n (%) 6 (60)
Living with partner, n (%) 4 (40)
Graduated high school, n (%) 3(30)
Enrolled in high school, n (%) 3(30)
Did not graduate and not currently enrolled in high school, n (%) 4 (40)

Table 4. Relationship of other caregivers to infants (N=8).

Relationship category Participants, n (%)
Father 3(39)
Maternal grandmother 2(25)
Paternal grandmother 1(13)
Maternal great-grandmother 1(13)
Maternal great-grandfather 1(13)

Accessto Technology

A phone survey of 29 pregnant and postpartum adolescents
explored their access to technology (Table 5). All had access
to a smartphone, and nearly half had access to a computer or
tablet. However, there were anumber of obstaclesto consistent
smartphone access. A total of 8 participants did not have their
own phone but had only shared access to someone else’'s phone
and 9 had been without phone access at some time in the past
12 monthsfor various reasons: 3 had their phones stolen, 3 had
their phones break, and 3 lost their phones. A total of 21
participants used a prepaid phone plan, which was the most
common way to access the internet, and 15 participants had

https://pediatrics.,jmir.org/2021/3/€30240

wireless internet in their home. Difficulty in paying for phone
or internet services was reported by 11 participants, and
interruptions to electricity services were reported by 8
participants.

All participants reported using social media at least once per
week, with 46% (13/28) reporting daily use, 36% (10/28) using
it every other day, 14% (4/28) using it every three days, and
4% (1/28) reporting weekly use. Participants reported using the
following 3 social media platforms: WhatsApp (28/28, 100%),
Facebook (23/28, 82%), and Instagram (17/28, 61%). A total
of 26 participants made video calls using their smartphones.
Video streaming on their phones was done by 28 participants,
but 54% (15/28) reported poor video quality.
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Table 5. Mobile technology access among adol escent mothers (N=29).
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Accesstype Participants, n (%)
Computer or tablet 14 (48)
Smartphone 29 (100)

Shared smartphone 8(298)

Lost smartphone access in previous 12 months 9(3Y

Prepaid phone plan 21 (72)

Wireless internet 15 (52)

Difficulty affording phone or internet service 11 (38)

Any social mediause 29 (100)

Ability to make video calls 26 (90)

Summary of Qualitative Findings

In the focus groups and in-depth interviews, participants spoke
about access to technology, barriers or limitations to the use of
technology, and how technology is used by adolescent mothers
and their families, particularly as it relates to caring for
themselves and their infants. Although many ideas were shared
across participants, there were some key differences between
the perspectives of clinicians and adol escent mothersregarding
how adolescent mothers use technology. The other caregivers
were heterogeneous—3 of them were fathers, and their
experience with technology was similar to that of adolescent
mothers. Theremaining caregiverswere older. Asagroup, they
were less comfortable with technology, and some did not have
smartphones.

Barriers

A number of barriers were identified that limited access to
technology, including theft, changing carriers, running out of
data, and inability to afford any plan. Clinicians explained that
many adolescents lived in dangerous areas where theft was
common. For this reason, clinicians who did home visits were
reluctant to bring their phones with them. They viewed this as
amissed opportunity to use web-based toolsto educate patients
about pregnancy and childcare during their home visits. Phone
theft al so meant that adol escents were frequently without phones
or using a different number. They also changed numbers when
a particular carrier offered a special rate, or when they lost
access to a shared phone. In addition, adolescent mothers
reported that their access was limited because they were on a
shared data plan, and they might run out of data, or the data
could be cut off for periods of time if their family could not
afford it. When this happened, they shifted to texting and other
forms of communication that did not require data use.
Alternatively, if they had no phone minutes and only internet
access, they used apps such as WhatsApp, which uses internet
rather than phone minutes. This was often the reason that they
began using socia media platforms to communicate. As one
adolescent mother shared:

I only use WhatsApp because | don’'t have a phone
plan [now]. | talk to my dad and my grandmother,
video calling with them.

https://pediatrics.,jmir.org/2021/3/€30240

As this example illustrates, adolescents with limited access to
technology tended to limit communication to family and have
less contact with those outside their immediate circle, including
friends. In Peru and many LMICs, usersare changed for placing
calls and texting but not for receiving them. Thus, when they
ran out of minutes, adolescents could receive calls, but they
could not place them. For these reasons, it was difficult for
cliniciansto have reliable contact with their patients by phone.

Adolescents also preferred newer and more powerful
technology; if they did not like their phones, they were less
inclined to use them. As one adolescent mother explained, she
did not use her phone as much since her previous phone was
stolen because her new phone was smaller and less enjoyable
touse: “I don't feel like using this phone because it’s little, as
opposed to mine, which was big.” Technology became avenue
for comparison, including comparing devices and access.
Adolescents who felt diminished by this comparison engaged
less with technol ogy.

Technology for Education and Support

Clinicians described how technology can support adolescent
mothers and improvetheir accessto care. Some clinicians used
texting to confirm appointments or alert patientsthat test results
had become available. Community health workers said they
gave their phone numbers to patients, and occasionaly, they
would useit to ask for help.

Some clinicians said that adolescents did not use technology
for educational purposes, for example, to access information
about their infants' health or their own. However, a number of
adolescent mothers and fathers reported that they used
web-based searches to access information. One mother used
web-based searches to learn about childbirth when she was
pregnant. Others used the internet to learn more about
introducing solid foods and how to manage common childhood
ailments like diaper rash, asin the case of thisfather: “Most of
all it was with the diaper rash and some test results that were
sent to us online [that we used our smartphones].”

Adolescent mothers also used technology to help manage their
daily tasks. Thisincluded coordinating with other members of
their household and searching for answers to any number of
practical questionsrelated to cooking or homerepair. They also
used their smartphones to show their infants cartoons to quiet
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them or entertain them when they had to do household chores.
They believed it was positive and stimulating for their infants:
“That iswhat he likes because they do these mimics, thankfully,
[he likes] the talking animals”

Social Connection

Adolescent mothersand clinicians both reported that adol escents
used socia media, but their attitudes toward this differed.
Cliniciansfelt that social mediause was not productive or useful
in the service of the tasks that adolescent mothers needed to
care for themselves and their infants. However, the accounts of
adol escents painted a more complex picture. Social media did
make it easier to stay connected with friends while being home
with their babies, but the quality of the connection varied.
Adolescent mothers reported that they were less socialy
engaged after having their babies. They did not go out and meet
their friendsregularly. They also reported that their social media
use decreased but that social mediastill madeit possibleto stay
connected in amore limited way. For example, they could post
photos on social media and receive supportive comments from
their friends. One adolescent found some classmates from
childhood on Facebook and saw that some were also mothers.
This was comforting to her as none of her friends had babies.
However, she did not reach out to reconnect with these
classmates:

There are several classmates who have had babies,
but it's not that we talk; just that | see on Facebook
that they do have babies. But they don't talk to me,
we weren't very close, we were just acquaintances
from class.

This participant found some comfort in finding othersin similar
situations on social media, but this did not necessarily lead to
connection with them.

Those who were feeling alone because of estrangement from
their families or significant conflict with them looked to social
media for a sense of connection, but they found more
disconnection and conflict. One adolescent described viewing
pictures her friends posted and feeling like she was missing out
on the social life that she had before becoming a mother.
Another adolescent mother learned that her baby’s father had
a new partner from pictures he posted on social media. For
participants managing conflictual relationships, social media
was a more acceptable way to engage because it felt more
impersonal and, therefore, safer. For this reason, it could also
be perceived as distancing and offending the recipient, as was
the case with the mother of an adolescent, who responded to a
Facebook message she received from her adolescent daughter:

How cruel that you mark your indifference against

me, that you do not greet me, that you do asif you do

not see me, you do not look up, you do not speak to

me, you do not visit me, you do not know or ask how

| am or anything.
Facebook greeting was experienced as slight when anin-person
greeting was expected. In theseinstances, social mediabecame
another space in which the participants experienced rel ationship
difficulties.

https://pediatrics.,jmir.org/2021/3/€30240
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Adolescent participants also reported that they had difficulty
setting boundaries around their social media communications.
In the case of one participant who was estranged from her child’'s
father, the father discovered that she was in labor through
Facebook and sent her amessage. Thiswas experienced as both
an intrusion and a reminder of his absence. She was angry at
him because of theway their rel ationship had ended, and contact
from him at the moment she was in labor was overwhelming:

He's the one that came here asking to meet his son
because he found out that | had been at [ the hospital].
The day that | gave birth he sent me a message on
Facebook, but | didn't know because | was giving
birth, right? When they finally gave me my cellphone
at midnight | saw his messages, and he wanted to
come all the way from [neighboring country] that
same day that my son was born. But | didn’'t write
back at all because | didn’t want himto meet my son.
But he did meet him recently.

Although this participant ultimately allowed her child’s father
to meet his son, her experience demonstrates that social media
can make it easy to initiate contact and difficult to manage
incoming contact. Another participant was awaiting a child
support payment from her child’'s father and received this
message from the father’s new partner through social media:

Don't worry, he'll send you the monthly payment.
Don't get upset; don't try to control him.

The participant experienced this as an unwanted intrusion. It
was a communi cation about the missing payment, but it did not
address the issue. Some adolescents found social media
distracting when they were supposed to be doing other things,
such as attending school. One participant avoided having data
minutes on her phone so she could only use it when she was
connected to internet at home:

No, if | reload it [with data minutes], it will distract
me when |’ m at school. Better not, no.

Adolescents found it difficult to restrict unwanted contacts on
social media, and they also found it difficult to restrict their
own use.

Discussion

This study examined technology access, use patterns, and
barriers among adolescent mothers in Peru. To the best of our
knowledge, thisis the first study to investigate the access and
use of technology by adolescent mothersin LMICs. Despitethe
potential benefits of technology in promoting and improving
accessto care, the use of technology to support perinatal health
among adolescent mothers remains relatively unexplored.

Overall, we found that adolescent mothers are connected to
technology; all had smartphone access, and nearly half also had
access to alaptop or tablet. These findings match the available
data on adolescent technology access in HICs [30,31] and
highlight the potential scalability of technology-based health
interventionsfor adolescent mothersin LMICs. In addition, we
found that al participants used social media at least once per
week (13/28, 46% connected daily), and they had a range of
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experiences with it. Adolescent mothers reported difficulty in
setting boundaries around their social media communications.
These findings are consistent with past research, which has
described the adverse impact of excessive social media use on
adolescent mental health, well-being, and productivity [32-35].
Importantly, evidence indicates that these negative effects are
stronger in girls than in boys [36]. Adolescent mothers and
clinicians had different perspectives on adolescent technology
use. They agreed that social media use could be problematic,
but some of the hel pful functions of technology werenot visible
to clinicians. Adol escents reported finding smart devices useful
in searching for web-based health information, improving their
health literacy, performing daily tasks, and supporting their
care.

Similarly, some clinicians found these tools beneficial for
disseminating test results, enhancing patient communication,
and ensuring adequate follow-up care. However, they did not
believe that adol escents used technology to attend to their own
or their infant’s health; they saw it as purely adistraction. The
clinician’s perspective may reflect a bias among clinicians to
problematize patient behavior and focus on what they perceive
patientsto be doing wrong [37]. Thismay also indicate the need
for guidance in adolescent technol ogy use. Aschbrenner reported
that adolescents preferred digital health interventions that
included a professional moderator to manage peer-to-peer
interactions [30].

Quantitative surveys were conducted during the pandemic, and
qualitativeinterviewswere conducted before the pandemic. We
did not obtain qualitative data about the experience of the
pandemic for adolescent mothers, but data on the impact of the
pandemic on other vulnerable youth are relevant to this question
[38]. School enrollment declined in many parts of the world
[39], whereas violence and criminal behavior increased.
However, in areas with adequate technology penetration, the
increased availability of digital services improved access for
some groups, including youth with chronic illnesses [40].
Adolescent mothers find it more difficult to leave their homes
compared with other adol escents, and the expansion of services
such as mHealth and remote learning may be particularly
beneficial for them, which warrants further study.

Although a majority of participants had consistent access to
technology, 3 major barrierswereidentified: (1) cost, (2) phone
theft and loss, and (3) internet speed and signal strength. The
cost of phones and data plans was a barrier; many adolescent
mothers had difficulty affording smartphone services and thus
relied on shared plans and sometimes shared devices. If they
could no longer afford their plan, they would deactivate their
device and use someone else's. Although this allows them to
maintain access, it means that they frequently change phone
numbers and cannot be reached consistently by health care
providers. This finding highlights the fact that adolescents can
use mobile technology to access resources, but the health care
system may have difficulty maintaining contact with them. This
could limit the effectiveness of interventions that rely on
consistent contact between adolescents and care providers, as
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adol escentsin precari ous circumstances may not be ableto bear
the responsibility for maintaining contact. They may be
ambivalent about contact with the health care system,
particularly if they feel criticized by providers. They may also
be unable to manage and organize the information required to
maintain contact. In addition, most phone plans in Peru are
organized such that charges apply to calls and texts made but
not to those received. Thus, each time adolescents change
numbers, they must bear the expense of reconnecting.

Limited financial resources also meant that many adolescent
mothers lived in neighbors with high rates of poverty where
crimewas endemic, and they experienced frequent devicetheft.
This added to the need for shared devices, phone number
changes, and other barriers to consistent contact. Owing to the
crime, clinicians aso feared bringing their devices on home
visits to patients, limiting their ability to use technology as an
educational tool.

Participants also reported that slow internet speed could interfere
with the use of certain apps, including video streaming and
videoconferencing, and rolling blackouts limited consistent
access. Internet speed istypically slower and signal strengthis
weaker in LMICs, where 3G access exceeds 4G [41]. Areas
where poverty is greatest and access to in-person care is most
limited also face the greatest internet coverage gaps.

This study has several limitations. First, the sample size was
small, with 29 adolescent mothers surveyed. Although the
sample size for both the focus group discussions and the
interviews was small, data analysis indicated that theoretical
saturation was reached. In both phases of data collection, only
Spanish speakers were recruited, which could limit
generalizability and specifically applicability to indigenous
communitiesin Peru. Second, participants were recruited from
a single tertiary care women's hospital in Lima, Peru.
Adolescent mothers in other parts of Peru, or, for that matter,
those receiving care at other clinical sites, were not included,
and the data may not represent their experience. Third, thereis
the possibility of selection bias, as adolescents who chose to
participate may be different from those who did not.

Our resultsindicate that adol escent mothersin Peru have access
to digital technology, and some aready use technology to help
them carefor their infants. These findings highlight the promise
and potential of using scalable digital health interventions in
LMIC settings to expand access to care and improve perinatal
health outcomes. Of note, the pandemicismaking it increasingly
clear about the importance of telehealth in addressing health
needs. However, barriers remain in the implementation of
telehealth solutionsin LMICs. A coordinated global approach
centered around equity is needed to reduce these barriers by
increasing personal device access, addressing limitations to
maintaining access related to poverty, and growing internet
connectivity. Subsidies are needed to increase technol ogy access
at the local level, and a coordinated global effort is needed to
increase internet access as an important step toward reducing
global health inequity.
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Abstract

Background: For individualswith cystic fibrosis (CF), adolescence and young adulthood are times of significant vulnerability
and have been associated with clinical and psychosocia challenges. Social media may offer innovative care delivery solutions
to address these challenges.

Objective: This study explored motivations and attitudes regarding current social media use and preferences for a social media
platform in a sample of adolescents and young adults (AYA) with CF.

Methods: A cross-sectiona survey was administered to 50 AYA with CF followed at a large pediatric-adult CF center. The
survey included questions regarding social media platform utilization, attitudes toward general and CF-specific online activities,
and preferences for a CF-specific care delivery platform.

Results: YouTube, Snapchat, and Instagram were the most commonly used social media platforms. AYA with CF do not report
routinely using social media for health-related information acquisition, social support, or help with adherence. However, their
perceptions of social media utilization and preferences for platform development suggest interest in doing so in the future.

Conclusions: AYA with CF use social media and expressed interest in the development of a social media platform. Platform
development will allow for gaps in health care delivery to be addressed by improving socia support and adherence while
augmenting current methods of health information acquisition.

(JMIR Pediatr Parent 2021;4(3):€25014) doi:10.2196/25014

KEYWORDS
cystic fibrosis; social media; mobile health; adherence; adolescents; young adults

: years[1]. Current clinical guidelinesfor patient care recommend
Introduction patients be evaluated quarterly and more frequently during the
Background first year of life or with theillness[3-5].

Cysticfibrosis (CF) isthe most common life-shortening genetic
disease in White people in the United States[1,2]. The CF care
model, which focuses on coordinated, multidisciplinary care
delivery in specialized CF care centers, has contributed to
improvementsin clinical outcomes. CFwas previoudy adisease
with nearly uniform death in childhood but improved care has
resulted in a median predicted survival age of patients of 46.2

https://pediatrics,jmir.org/2021/3/e25014

Despite care delivery improvements, adolescents and young
adults (AYA) with CF dill face significant vulnerabilities.
Studies in CF adolescents have revealed reductions in
medication adherence [6], reductions in lung function despite
more aggressive management and implementation of new
therapies[7], increased symptom burden [8], and devel opment
or acceleration of CF-related complications [8]. Individuals
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with CF often face significant feelings of isolation [6,9] and are
unable to congregate in typical support group structures [10]
due to infection control guidelines [11]. These issues remain
largely unaddressed by the current care delivery paradigm.
Novel approachesto health care delivery are needed during this
vulnerable time to support AYA with CF.

Prior Work

Electronic health applications such as telehealth, mobile health
(mHealth), and social media may be beneficial in addressing
gapsinthe current care delivery paradigm. Previously, mHealth
and socia mediahave been proposed as opportunitiesto engage
AYA and augment care delivery [12,13]. These platforms may
allow for improvements in social support, provide innovative
networking opportunities for patients and their care team, and
provide novel methods to improve disease self-management
and adherence.

Previous mHealth studies have been carried out across diseases
and were found to improve clinica outcomes, medication
adherence, and self-monitoring in solid organ transplantation
[14-17], essential hypertension [18,19], congestive heart failure
[20], type 2 diabetes [21], and coronary artery disease [22].
However, not all have shown a clinically significant impact or
improvements in adherence [23]. Within CF, a focus group
study suggested implementation of a web-enabled cellphone
would improve knowledge, provide socia support, and result
in improved adherence [24]. Another study exploring mHealth
preferences noted the importance of automated assistance with
disease management, improving communication with the
multidisciplinary care team, and facilitating socialization with
otherswith CF [25]. Although mHealth applications have been
shown to have high acceptability [26], their long-term uptake
remains problematic [13].

Social media has been used in other pulmonary diseases to
understand patient experience [27], to characterize patient
preferences for information acquisition [28], and to improve
self-management and social support [29]. Social mediahasbeen
leveraged to develop a disease-specific social network for
chronic obstructive pulmonary disease to address loneliness
and improve socia support [30,31]. However, studies
investigating social media usage in AYA with CF are lacking.
Facebook has been described as a method for information
dissemination by alarge adult CF center in the United Kingdom
[32]. Facebook, Facetime, and Instagram were described in a
small qualitative study of 9 Canadian AYA with CF asamethod
to reduce socia isolation and improve support [33]. A more
recent study assessed 66 adults with CF or direct connection to
CF (caregiver, significant other, immediate family member)
regarding social media usage. The study found 98% of
respondents used socia media, with 96% of respondents using
an online forum  (Facebook,  cysticfibrosis.com,
healingwell.com). The study however had significant limitations
in that it only captured adults, surveyed predominantly those
without CF (39% had CF), and suffered from ascertainment
bias as recruitment was performed online via email, on social
media websites, and using CF dedicated message boards [34].
Larger survey studies to assess preferences for a CF-related
sociadl media platform, CF-related socia media usage,

https://pediatrics,jmir.org/2021/3/e25014
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perceptions regarding online CF health activities, and current
social media platform usage among AYA with CF are lacking.
Itiscrucial that patient motivations for social media usage and
preferences for such platforms are explored to inform care
delivery.

Goal of This Study

The goal of this study was to characterize current social media
utilization patterns and attitudes, motivations for social media
utilization, and preferences for socid media platform
development in AYA with CF.

Methods

Recruitment

We performed a cross-sectional survey of AYA with CF
receiving care at alarge pediatric-adult CF center. Participants
were eligible for enrollment if they were aged between 13-30
years and diagnosed with CF. Patients were only excluded if
they had previously received a solid organ transplantation.
Participants were recruited from the ambulatory CF clinic and
during hospital admissions on the inpatient pulmonary service
from October-December 2018. Informed consent/assent was
obtained electronically, and the study was approved by the
ingtitutional review board at Boston Children’s Hospital
(IRB-P0025949). The survey was administered by iPad using
an online link to the survey.

Clinical Measurements

Clinical parameters including percent predicted forced
expiratory volumein 1 second (ppFEV 1), hospitalizations over
the last year, BMI, cystic fibrosis—related diabetes status, age,
and gender were abstracted from the medical record.

Survey Battery

The survey included 60 multiple choice questions (Multimedia
Appendix 1) and explored general health/demographics (11
guestions), potential components to include in a social media
platform (12 questions), CF-related social media usage (11
guestions), perceptions regarding online CF health activities
(16 questions), and current social media platform utilization
(10 questions). The topics included in the instrument were
developed on the basis of previous research and scholarship
surrounding social mediautilization in CF [35]. The survey was
piloted with 3 patients. Responses were reviewed to ensure
appropriate question branching logic based on patient responses.
Study data were collected and managed using Research
Electronic Data Capture (REDCap) tools[36,37].

Data Analysis

Descriptive statistics were used to analyze respondent
demographics, social media utilization,
attitudes/perceptions/motivations  during  utilization, and
preferred components of a social platform. Respondent Likert
scale ratings for social media platforms and attitudes during
social media utilization were operationalized in the following
way: “1=never” and “2=rarely” were categorized together and
“3=sometimes’ and “4=often” were categorized together.
Additional questionsfor perceptions/motivations during social
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media utilization were operationalized as follows: “ 1=strongly
disagree” and “2=disagree” were categorized together and
“3=agree” and “4=strongly agree” were categorized together.
Finally, Likert scale ratings for components of social media
platforms were operationalized in the following way: “1=not
a all important” and “2=somewhat unimportant” were
categorized together and “ 3=somewhat important” and “ 4=very
important” were categorized together. The associations of
respondents’ social media utilization,
attitudes/perceptions/motivations of current socia media
utilization, and component preferences for a socia media
platform with clinical parameters were assessed via chi-square
test, paired t test, or analysis of variance, as appropriate. All

Table 1. Cohort characteristics.

Perkins et al

analyseswere conducted using STATA (version 15.1; StataCorp
LLC).

Results

During the study period, 147 patients met the eligibility
requirements for inclusion in the study. Of these, 80 patients
were not approached as they cancelled their appointment, were
felt to be inappropriate for research by their primary
pulmonologist, or finished their clinic visit before the research
team could approach them. Of the 67 remaining patients, 17
declined to participate in the study. A total of 50 AYA
completed the survey (Table 1).

Characteristics of participants Values
Gender, n (%)
Entire cohort 50 (100)
Males 25 (50)
Females 25 (50)

Age (n=50), mean/range (SD)
Racial/ethnic background,? n (%)
White
Latino
Black
Other
Highest education level achieved, n (%)
Some high school or less
High school or General Educational Development (GED)
Some college
College/vocational degree
Professional/graduate degree
Current health status, n (%)
Excellent
Very good/good
Fair/poor
Cysdtic fibrosis severity, n (%)
Mild
Moderate
Severe

Cystic fibrosis—related diabetes” (n=50), n (%)

BMIP (n=50), mean/range (SD)

Percent predicted forced expiratory volumein 1 second® (n=50), mean/range (SD)

Hospitalizationsb (n=50), mean/range (SD)

19.8/13-30 (5.2)

49 (98)
2(4)
12
12

22 (44)
4(8)
6(12)
13 (26)
5 (10)

9(18)
32 (64)
9(18)

24 (48)

23 (46)

3(6)

9(18)
21.3/15.4-35.9 (3.6)
77.2/26-126 (23.5)

1.4/0-8 (1.9)

8Respondents instructed to select all racial/ethnic backgrounds with which they identify.

bAbstracted from the electronic medical record.
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Components to include in a socia platform for AYA with CF
are noted in Figure 1. Respondents conveyed that a platform
should include elements to help with care delivery. Overall, 44
of 49 (90%) endorsed that it was important to include aforum
to provide online support for people with CF, 82% (41/50)
requested accountability group creation where participants can
post about self-care, and 76% (38/50) desired remindersto help

Figure 1. Potential componentsto includein a CF socia media platform.

Perkins et al

with CF self-care. In addition, respondents al so expressed strong
support for including elementsfor acquisition of accurate health
information. For example, 92% (45/49) wanted medical
information available that came from well-known sources such
as the CF Foundation and 90% (45/50) felt it was important to
include links to specific CF topics.
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Current CF-related social media usage is shown in Figure 2.
When evaluating current online health-related activities, 50%
(25/50) endorsed reading about CF-related information online
“sometimes’ or “often.” These respondents were older (mean
age of readers 22 years versus 17.6 years for nonreaders;
P=.002) and were more likely to be female (64% femal e readers

https://pediatrics,jmir.org/2021/3/e25014

RenderX

versus 36% male readers; P=.05). In addition, 42% (21/50) of
respondents learned about other peopl€e's experiences with CF
online. Only 24% of respondents (12/50) endorsed interacting
with other patients with CF online and even fewer (7/50, 14%)
sought support from other people with CF online.
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Figure 2. Cystic fibrosis—related social media use.
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perceptions regarding the potential uses for online CF-related
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with CF online. However, 77% (37/48) reported they “agree”
or “strongly agree” that they feel inspired by stories of other
people with CF online (37/48) and 65% (32/49) noted that they
wanted to motivate and inspire others with CF.
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Table 2. Perception regarding online cystic fibrosis health activities.

Perkins et al

Perceptions Strongly Strongly disagree/dis-
agreel/agree, n (%) agree, n (%)

Medical information online should come from a source like the CF Foundation (n=49) 45 (92) 4(8)

Medical information should be from a source like a doctor (n=50) 45 (90) 5(10)

| feel inspired by stories of other people with CF online (n=48) 37(77) 11 (23)

It isimportant to me to keep my privacy online (n=50) 35 (70) 15 (30)

| want to inspire and motivate others with CF online (n=49) 32 (65) 17 (35)

Online bullying or trolling is a serious risk (n=50) 32 (64) 18 (36)

| feel motivated to perform my own self-care when | see other people with CF online (n=49) 31 (63) 18(37)

| feel less alone when | read stories about other people's struggles with CF (n=48) 27 (56) 21 (44)

Medical information should come from a source like pharmaceutical companies (n=50) 27 (54) 23 (46)

| feel supported by other people with CF online (n=48) 23 (48) 25 (52)

I wish | could meet other people with CF in rea life after meeting them online (n=48) 22 (46) 26 (54)

| feel sad or scared when | learn about other people's CF stories online (n=49) 13 (27) 36 (73)

| feel uncomfortable when comparing my health status to those of others with CF online (n=49) 12 (24) 37 (76)

| avoid other people with CF online (n=49) 7(14) 42 (86)

| have met other people with CF in real life after meeting them online (n=48) 6 (13) 42 (87)

| feel less motivated to perform my own self-care when | interact with otherswith CF online (n=48) 2 (4) 46 (96)

Nearly two-thirds (31/49, 63%) endorsed feeling more motivated
to perform their own self-care when interacting with otherswith
CF online. In addition to the positive impact on motivation and
inspiration, 56% (27/48) noted feeling less alone when they
read stories about other people’s struggles with CF. Nearly half
(23/48, 48%) of respondents noted feeling supported by other
people with CF online. Only 14% (7/49) reported that they
actively avoid other people with CF online. When considering
the potential negative ramifications of online interaction, 27%
(13/49) endorsed feeling sad or scared when learning about
other peopl€'s CF storiesonline, 24% (12/49) felt uncomfortable
when comparing their health status to those of others with CF
online, and 4% (2/48) felt less motivated to perform self-care
when interacting with others with CF online. Regarding these
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perceptions, women were more likely to feel motivated to
perform self-care (83% of femal es[20/24] versus 44% of males
[11/25]; P=.004), feel lessalone (71% of females[17/24] versus
42% of males [10/24]; P=.04), and endorse feeling supported
by others with CF online (63% of females [15/24] versus 33%
of males [8/24]; P=.04).

Socia mediaplatform utilization among AYA with CFisshown
in Figure 3. Respondents who endorsed YouTube usage were
younger (mean age 19.1 years in users versus 23.8 years in
nonusers, P=.02). In contrast, Facebook usage was higher among
older respondents (mean age 21.2 years in users versus 18.1
yearsin nonusers; P=.03). Femal e respondents had higher usage
of Instagram compared to males (92% of females[23/25] versus
60% of males [15/25]; P=.008).
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Figure 3. Social media platform use among adolescents and young adults with CF. CFF: Cystic Fibrosis Foundation.
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Principal Findings

This study highlights several potential avenues for CF social
media platforms to improve care delivery for AYA with CF.
Social support was a theme routinely identified by study
participants as a potential area for exploration. Our study
indicated that AYA with CF do not currently use social media
for social interaction or support. This may be due to lacking a
dedicated platform for interaction, not knowing otherswith CF,
concerns about privacy of identity or medical-related
information, or concerns for potentia negative emotional
consequences that may develop from interactions. Despite not
currently using social mediaplatformsfor interaction or support,
respondents generally expressed encouraging perceptions (feel
more supported, feel less aone, fedl inspired) regarding their
attitudes after interacting with others with CF. This theme was
also supported by respondents’ preferences for componentsin
a CF social media platform. Their desire for the creation of
online forums to provide support to others and the creation of
accountability groups suggest participants' perceived importance
of connectedness and communi cation with one ancther. It should
be noted that nearly one-fourth of respondents did experience
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social interactions online. This suggests that a CF-centered
platform may not be an appropriate social support structure for
all, particularly those with higher risk of mental health concerns.
One previous mHealth study did anticipate the need for mental
health resources, medical supervision, and online moderators
to provide guidance and support to address this concern [24].

There is growing evidence demonstrating the importance of
social support among patients with CF and their health-related
outcomes. A longitudinal survey study of 250 adults with CF
explored thisrelationship and found fewer self-reported mental
and physical health symptoms, digestive symptoms, and eating
disturbances. Social support was associated with improved
emotional, social, and role functioning, vitality, and body image.
Thosewho reported more social support perceived lesstreatment
burden and experienced better overall perceptions of their health
[38]. Another cross-sectional study of 233 adults with CF
highlighted the association of gender on perceived social support
in adults with CF, with females perceiving greater levels of
support [39]. Likewise, our study also revealed a gender
disparity, with females perceiving a greater level of support,
increased motivation to perform self-care, and feeling less
isolated after interacting with others compared to malesin our
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study. These studies highlight the potential role for a CF social
media health platform in improving care delivery through
augmenting social support and improving health outcomes.

Respondents to the survey also felt a CF social platform could
be used to improve motivations for adherence. Participants
generally endorsed increased motivation to perform self-care
after interacting with others with CF. It is plausible that
increased emotional support could lead to improved motivation
among respondents and ultimately to an increase in adherence
with performing self-care. Increased social interaction did not
appear to have a negative reported effect on adherence.
Respondents’ desiresfor potential components of an electronic
platform (devel oping accountability groups, reminders to help
with self-care) also suggest their interest in improving care
ddlivery through virtual community building while also allowing
for individualizing adherence assessments. The respondents’
motivations and desires are congruent with interventions
proposed to improve adherence through the implementation of
patient-centered treatment plans, harnessing technology and
application development to increase patient motivation and
virtual support, and improving the CF health service model to
addressindividual barriersto adherence[2]. These motivations
and desires suggest the possible positive implications that a CF
social mediahealth platform can haveinimproving care delivery
through improved patient adherence.

This study indicated that AYA with CF do commonly use social
media. Despitethis, the majority of respondents do not currently
use socia media platforms for health-related information
acquisition (read about upcoming research, read CF-related
information online, read about medication side effects). Their
perceptions about what components areimportant to includein
asocial media platform suggest their interest in health-related
information acquisition online as evidenced by the perceived
importance of including asearch function, medical information
coming from well-known sources, and links to CF-specific
topics. Itisunclear if participants do not currently perform these
actions because they are unaware of where to acquire this
information or if they do not trust social media platforms as
sources of information. The latter is consistent with a
cross-sectional survey of 204 AYA patientswithout CF inwhich
only 25% felt social media provided useful health information
[40]. The Cystic Fibrosis Foundation website provides robust
information about CF, medi cations, and upcoming research that
isevidence- and consensus-based, although our study indicates
that AYA rarely use thisresource.

Limitations of Study

Thisstudy has severd limitations. First, participantsin our study
were varied in age, with the majority of respondents under the
age of 21. This age distribution may skew the cohort sample
and make results|ess generalizabl e to adultswith CF. However,
all of the respondentswould be potential users of afuture social
media platform. Second, though small, our study represents one
of the largest samplings to date of AYA patients with CF to
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investigate social media. Our participantswere actively recruited
from aCF clinic and during inpatient admissions, which resulted
in astudy population more representative of the CF community
at our large, urban CF center. However, these findings may not
be representative of all AYA with CF.

Future Directions

Our study suggeststhat although AYA with CF do not routinely
use existing social mediaplatformsfor health-related behaviors,
they do express interest in harnessing social media platforms
for improving care delivery, accessing socia support, and
improving therapy adherence. The COVID-19 pandemic created
psychosocial challenges for youth with chronic disease, which
have implications for mental health and social supports [41].
Likewise, the pandemic also alowed for rapid-cycle digital
advances in health care delivery [42] (eg, the popularization of
the use of video-based applications for routine clinical
communication). Many socia media applications currently
integrate video-based functions for users. This may alow for
synchronous communication between people/care teams using
videoconferencing rooms on Facebook or messaging/video
calling features on WhatsA pp, Facebook M essenger, or Google
Duo. In addition, asynchronous communication may also have
utility by posting recordings using Facebook Live or Instagram
Live, or posting video stories (a feature of many social media
platforms) for others as a form of encouragement or as a
reminder. These features may have utility as a means for
providing group-based support, facilitating accountability
groups, or fostering socialization between AYA with CF and
warrant further investigation. Additional considerations should
be given to exploring the perceptions surrounding social media
platform integration with the CF multidisciplinary team and
routine clinical care, privacy concerns, and the implications of
socia determinants of health on social media use.

Finally, additional insight is needed to characterize baseline
social isolation inthis population and the desired modalitiesfor
support (individual video chats, messaging functionality, group
video mestings, etc). It would be interesting to assess the use
of social media and patients’ reported sense of social isolation.
For example, do AYA with CF who use social media have a
lower sense of socia isolation compared to those who do not
use social media? Are there differences based on the type of
social media modality used? Does gender have an impact on
the sense of socia isolation? Addressing social isolation is
important as a possible means to improve self-care, adherence,
and health outcomes. The implications are likely relevant for
other chronic illnesses.

In conclusion, our study highlightsthe possible utility of social
media platforms as an innovative intervention for improving
health care delivery, social support, and treatment adherence.
Overdll, gaining insight from AYA with CF during any kind of
intervention development will be critical to ensure effectiveness
and improving value.
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Abstract

We examined internet searches indicative of abusive parental behaviors before and after the World Health Organization’s
declaration of COVID-19 as a pandemic (March 11, 2020) and subsequent lockdown measures in many countries worldwide.
Using Google Trends, we inferred search trends between December 28, 2018, and December 27, 2020, for queries consisting of
“mother,” “father,” or “parents’ combined with each of the 11 maltreatment-related verbs used in the Conflict Tactics Scales,
Parent-Child version. Raw search counts from the Google Trends data were estimated using Comscore. Of all 33 search terms,
28 terms showed increases in counts after the lockdowns began. These findings indicate a strong increase in internet searches
relating to occurrence, causes, or consequences of emotional and physical maltreatment since the lockdowns began and call for
the use of maltreatment-related queries to direct parents or children to online information and support.

(JMIR Pediatr Parent 2021;4(3):€27974) doi:10.2196/27974

KEYWORDS

child; maltreatment; COVID-19; pandemic; internet searches; information-seeking; internet; abuse; trend; Google trends,
infodemiology

A previous study on the impact of the pandemic showed that

Background

With social distancing measures, school closures, and mounting
unemployment rates, the COVID-19 pandemic drastically
impacted the lives of familiesacrossthe globe. Anaccumulating
number of studies show that pandemic-related stressorsinduce
mental health problems, which in turn may impede parenting
abilities. For example, job loss, financia insecurities, parental
anxiety, and depressive symptoms during the pandemic have
been associated with increased (risk for) emotional and physical
abuse [1,2]. Although these findings give rise to widespread
concerns about potentia increases in child maltreatment [3],
data on the scope of this problem are till scarce.

https://pediatrics,jmir.org/2021/3/e27974

mental health problems were reflected in internet searches in
the early phase of the pandemic [4]. More specifically, internet
searches indicative of acute anxiety spiked in March 2020.
Another study also indicated a relationship between search
traffic data from Google and cases and deaths in severely
affected European countries [5]. These studies motivate
surveillance of such internet searchesin order to track outbreaks
and monitor health threats during the pandemic; hence,
infodemiology (ie, information epidemiology) metrics, in
particular datafrom Google Trends, could be useful in tracking
the virus and monitoring its impact. Here, we applied an
infodemiol ogy approach to examine whether increased risk for
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child maltreatment during the pandemic is reflected in internet
searches. We examined internet searches indicative of abusive
parental behaviors (emotional and physical abuse) before and
after the World Health Organization’s declaration of COVID-19
as a pandemic (March 11, 2020) and subsequent lockdown
measures in many countries worldwide.

Increases in Child Maltreatment—Related
Search Terms

We used Google Trends to infer search trends between
December 28, 2018, and December 27, 2020, for queries
consisting of “mother,” “father,” or “parents’ combined with
each of the 11 maltreatment-related verbs used in the Conflict
Tactics Scales, Parent-Child version [6]: yelled, screamed,
shouted, cursed, swore, threatened, pinched, hit, slapped, beat,
and shook. We inferred weekly raw search counts from the
Google Trends data using the R package gtrendR [7]. This
packagefirst obtains global relative search trendsfor aparticular
search term (using quotes) from the Google Trends database.
It then uses Comscore estimates to retrieve the total number of
weekly Google desktop searcheswithin aparticular time period.

https://pediatrics,jmir.org/2021/3/e27974

Riemet d

For our analysis, this number was 3044 million searches per
week for desktop searches and 6088 million searches in total,
assuming that desktop searches amount to 50% of total Google
searches. Wefitted a seasonal autoregressiveintegrated moving
average model using the R package gtrendsr [8] to estimate the
excess search count after the start of the pandemic compared
to the years before, while taking into account seasonal patterns
recurring throughout the year. The increase in search activity
was estimated by taking theratio of the average weekly number
of searches before and after the interruption point (March 11,
2020, when the World Health Organization declared COVID-19
a pandemic). All analyses were conducted using R statistical
software (version 3.5.0; R Foundation for Statistical Computing)
and the script can be found on the Open Science Framework

(9.

Figure 1 visualizes search trends before and after lockdowns
began for the terms showing a pronounced increase: “mother
dapped,” “mother cursed,” “father beat,” “father shook,”
“parentscursed,” and “ parentsbeat.” Several other search terms
showed similar increases (see [9]). Of all 33 search terms, 28
showed increases in counts (range: 1.8%-196.1%; Table 1).
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Figure 1. Google search trends for abuse-related verbs. The blue solid lines indicate the raw estimated weekly search counts and the gold shaded lines
indicate the fitted LOESS regression curve including a 95% Cl. The red lines represent the average estimated search counts before and after the World
Health Organization's declaration of COVID-19 as a pandemic (black dotted line). Differences in raw search counts should only be interpreted within
(and not between) search terms. For more details, see the R script available on the Open Science Framework site [9].
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Table 1. Percentages indicating increases in search terms since the COVID-19 lockdown started.
Terms Father, % Mother, % Parents, %
Psychological abuse
Yelled 48.6 13.2 48.6
Screamed 51.2 57.4 _a
Shouted 87.0 54.6 23.6
Cursed 42.2 112.4 196.1
Swore 15.0 32.7 —
Threatened 29.0 28 82.3
Average change 455 49.7 87.7
Physical abuse
Pinched — 81.8 —
Hit 22.0 18 7.2
Slapped 17.9 1016 46
Beat — 7.7 26.5
Shook 82.2 51.9 455
Average change 40.7 49.0 21.0

8ot available; search terms without percentages did not yield sufficient data.

Conclusions

These findings indicate a strong increase in internet searches
relating to occurrence, causes, or consequences of harsh
parenting since the lockdowns began. We cannot determine
who issearching (eg, parents, family members, children, others)
and whether searchesaredirectly linked to specific experiences,
witnessing maltreatment, or acts of emotional and physical
maltreatment. However, our findings suggest an increased risk
for child maltreatment due to the COVID-19 pandemic and may
motivate the development of novel data-driven family support
strategies. Moreover, our findings extend previous studies
showing that an infodemiology approach could be an integral
part of the surveillance of the pandemic and its impact [4,5].
This topic warrants further research to examine how increases
in maltreatment-related search queries are related to actual
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Abstract

Background: Virtua redity (VR) has shown promise in reducing children’s pain and anxiety during venipuncture, but studies
on VR lack objective observations of pediatric coping. Notably, the process of capturing objective behavioral coping data can be
labor- and personnel-intensive.

Objective: The primary aims of this pilot trial were to assessthe feasibility of conducting atrial of VR in apediatric emergency
department and the feasibility of documenting observed coping behaviors during pediatric procedures. Secondarily, this study
examined whether VR affects child and caregiver coping and distress during venipuncture in the pediatric emergency department.

Methods: This stratified, randomized, controlled pilot trial compared coping and distress between child life-supported VR
engagement and child life specialist support without VR during painful procedures in children aged 7-22 years in the pediatric
emergency department. An external control (reference group) received no standardized support. Primary feasibility outcomes
included rates of recruitment, rates of withdrawal from VR, and rates of completed Child Adult Medical Procedure Interaction
Scale-Short Form (CAMPIS-SF) observations. Secondary clinical outcomeswere applied to venipuncture procedures and included
CAMPIS-SF coping and distress (range 0-1.0), pain and anxiety on avisual analog scale (range 0-10), and cybersickness symptoms.

Results: Overall recruitment was 93% (66/71), VR withdrawal rate was 27% (4/15), and of the completed procedures, 100%
(63/63) CAMPIS-SF observations were completed. A total of 55 patients undergoing venipuncture in the pediatric emergency
department were included in the analyses of clinical outcomes: 15 patients (15 caregivers) randomized to VR, 20 patients (15
caregivers) randomized to child life specialist support, and 20 patients (17 caregivers) in the reference group. Patient coping
differed across groups with higher coping in the VR group and child life speciaist group than in the reference group (P=.046).
There were no significant differences in the distress and pain ratings for patients and caregivers between the groups. Caregivers
rated the lowest perceived anxiety in the child life specialist group (P=.03). There was no apparent change in cybersickness
symptoms before and after VR use (P=.37).

Conclusions: Real-time documentation of observed behaviorsin patients and caregiverswas feasible during medical procedures
in which VR was utilized, particularly with the availability of research staff. VR and child life specialists improved coping in
children during venipuncture procedures. Given the high participation rate, future studies to evaluate the efficacy of VR are
recommended to determine whether an off-the-shelf VR headset can be alow-cost and low-risk tool to improve children’s coping
during venipuncture or other related procedures.

Trial Registration: Clinical Trials.gov NCT03686176; https://clinicaltrials.gov/ct2/show/NCT03686176
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Introduction

Venipuncture is a common pediatric emergency department
procedure; yet, optimal psychological interventionsto promote
coping remain undetermined. Standard of care ranges from no
intervention to certified child life specialist support with use of
avariety of cognitive or behavioral strategies. Data on virtual
reality (VR) have overall demonstrated improved pediatric pain
and anxiety during venipuncture [1-4], although 1 study found
no change in pain [5]. These studies evaluated VR games that
cater to amedical procedure (eg, afield of view that minimizes
head movement or interaction that does not require a hand
controller) [1-3,6]. Customized VR games for medical
procedures are either designed locally and not available for
dissemination or require a costly subscription. No prior studies
have evaluated an off-the-shelf commercially available VR
headset during pediatric procedures. Furthermore, prior VR
studies evaluated outcomes of self-reported pain and anxiety,
which are subjective and less meaningful in younger children.
To our knowledge, no study to date has reported objective
observations of children and caregiver's coping behaviors.
Observational measures of coping behaviors offer several
advantages, including objectivity, inclusion of all age ranges,
and inclusion of caregiver behaviors [7]. Since a caregiver’'s
response influences children’'s coping [8], understanding
caregiver behaviors may also elucidate the potential benefits of
VR during pediatric procedures. While objective observations
of child and caregiver behaviors areinformative, the process of
capturing these data can be labor- and personnel-intensive.

We conducted a pilot study to understand the feasibility of
conducting atrial with acommercially available VR headset in
a pediatric emergency department and the feasibility of
documenting observed coping behaviors during pediatric
procedures. Secondarily, this study examined whether VR
affects child and caregiver coping and distress during
venipuncturein the pediatric emergency department. Theresults
of this study provide preliminary data for the planning of
subsequent studies.

Methods

Study Design, Setting, and Sampling Technique

A convenience sample of patients aged 7-22 yearswho required
a painful procedure (eg, venipuncture, laceration repair, burn
debridement) in the pediatric emergency department were
recruited. The study design was a stratified, randomized,
controlled pilot trial that compared coping and distress between
child life speciaist—supported VR engagement and child life
specialist support (clinicaltrials.gov NCT03686176). This study
was conducted in an academic, urban, tertiary care pediatric
emergency department. Randomization allocation was 1:1,
performed in randomized blocks of 2, 4, 6, and 8 (R, Version
3.2.2,2018), and stratified by the type of procedure. The block
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randomization allocation was imported into REDCap (version
10.0.28, 2019) [9,10] and performed by research assistants upon
recruitment. Consistent with the recommendations by Kraemer
et a [11], this pilot trial will be used to refine the research
protocol, establish the infrastructure, address pragmatic issues,
and gather pilot data to answer key questions about the use of
VR during pediatric procedures. An external control (reference)
group was enrolled when VR and child life specialists were
unavailable.

Inclusion and Exclusion Criteria

Inclusion criteria were patients aged 7-22 years who were in
the pediatric emergency department and were undergoing any
of the following procedures. burn debridement or dressing
change, laceration repair, venipuncture (intravenous line or
blood draw), abscess incision and drainage, fracture reduction
or cast placement, or implanted central venous port placement.
Exclusion criteria included severe developmental delays,
seizures, blindness, trauma/infection on the head/face, altered
mental status, medical urgency, and non-English speakers.
Caregiversprovided verbal consent and patients provided verbal
assent to participate in the study.

Study Protaocol

Patient eligibility was screened by research assistants. Eligible
patients and caregivers wereintroduced to the study by research
assistants. Research assistants discussed the aims, risks, and
benefits of the study, described the VR intervention, and invited
patients and caregivers to participate. If consent was obtained,
patients were block randomized as described above. Patients
randomized to VR played agame using acommercially available
VR headset with child life specidist support (Oculus Go, version
6.0. Facebook Technologies, 2018). Prior to the study start,
child life specialists selected and downloaded VR games and
apps, including a variety of passive VR experiences and active
game play. Specific VR games/apps included Netflix version
1.1, Bait! version 1.11.61278 (Resolution Games; 2016), Epic
Roller Coastersversion 6.22.0 (Balneario Camborit), BR: BAT
Games; 2017, Temple Run version 1.0.4 (Imangi Studios, 2015),
and Disney Movies VR version 1.6.472 (Walt Disney Studios,
2017). For dl patients in the child life specialist support and
VR groups, child life specialists performed a psychosocial
assessment that considered child, family, and health care
variables to determine how to support the patient during the
procedure. For the VR group, child life specialists offered smple
descriptions of select developmentally appropriate VR
experiences, thereby allowing the child to then make a choice
of VR games based upon their personal interests. Prior to VR
use, the device was cleaned with hospital-grade disinfectant
wipes. A disposable paper face shield and adisposable surgical
cap were used for infection control. VR play was limited to 30
minutes to minimize development of cybersickness symptoms.
The duration of VR play was monitored by child life specialists
and the research assistant. The duration of the procedure served
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as asurrogate for VR duration, as the VR headset was applied
immediately beforethe procedure and VR play completed after
the procedure. Patientsdid not pretrain on VR games/application
prior to their procedure start. Patients were empowered to
discontinue VR at any point during the procedure upon verbal
request or by removing the headset. Patients explored and
experienced the VR game/application independently during
their procedure and could request technical support from child
life specialists when needed. Child life specialists provided
technical support, including headset fit, menu navigation, or
selection of an alternate game/application. Patients immersed
in VR could opt for atactile or verbal prompt just prior to the
painful part of the procedure.

The active control group received child life specialist support
and distraction of the child’'s choosing. The reference group
received no standardized support. During the procedures, an
independent evaluator (ie, research assistant) logged the
frequency of patient coping/distress and caregiver
coping-promoting/distress-promoting behaviors in 1-minute
increments by using a validated scale (Child Adult Medical
Procedure Interaction Scale-Short Form [CAMPIS-SF],
Multimedia Appendix 1) [12]. The work describing adult and
child coping and distress behaviorswas originally described by
Blount et a [13]. CAMPIS-SF was selected because it is an
abbreviated version of CAMPIS and isavalidated and objective
measure of coping and distress that has been studied in
school-aged and adolescent-aged children [12,14,15]. Each
independent evaluator wastrained by the lead investigator (TC)
to code behavior observations using the CAMPIS-SF scale.
During training, the evaluators reviewed and coded prerecorded
videos of children undergoing intravenous placement. They
continued coding until interrater reliability (k) was=0.8. Inreal
time, during procedures, independent evaluators recorded
behavior events of CAMPIS-SF on a paper scoring sheet. No
video recordings were taken during this study. They utilized a
1-minute timer that provided a visual and audio cue to each
minute interval. They later transcribed the CAMPIS-SF scores
and other demographic or clinical datainto REDCap.

Feasibility Outcomes

The primary (feasibility) outcomes were the recruitment rate,
defined asthe number of patientswho enrolled divided by those
invited to participate; the withdrawal rate of VR, defined asthe
number of patients who stopped VR engagement divided by
the number of patients who completed a procedure and were
randomized to VR; and completion percentage of CAMPIS-SF
observations for each patient/caregiver dyad of completed
procedures. Feasibility benchmarks for each outcome were set
at 80% or higher, and the target sample size for the feasibility

https://pediatrics.,jmir.org/2021/3/€26040

Canareset a

outcomes of this pilot trial was at least 12 patientsin each arm
[16]. Thispilot study will inform us of thefeasibility to perform
a full randomized controlled trial that is powered to detect
changesin patients' coping and distress (CAMPIS-SF) scores.

Clinical Outcomes

The secondary (clinical) outcomes were CAMPIS-SF coping
and distress scores. Coping scoreswere calculated by summing
all coping events divided by the sum of al the coded behaviors
exhibited during the procedure and reported as a proportion of
thetotal behaviors (range 0-1.0). Distress scoreswere calcul ated
similarly—the sum of all distress events divided by the sum of
all behavior events. Secondary clinical outcomes also included
change in pain and anxiety on a 10-point visual analog scale
from baseline to peak levels during the procedure (range —10
to 10) and cybersickness symptoms [17]. Research assistants
showed patients the visual analog scale and asked them to select
a number (0-10) that characterized their pain and anxiety.
Patients reported a pain or anxiety score before the procedure,
and after the procedure, they were asked to report their peak
pain or anxiety score experienced during the procedure. The
changein pain or anxiety was cal culated as postprocedure minus
preprocedure. Owing to limited enrollment of other procedures,
this study reported clinical outcomes on the subgroup of
venipuncture (blood draw or intravenous line).

Statistical Analysis

Feasibility outcomes were summarized. Demographics and
clinical characteristics and outcomes were compared across
groups by using analysis of variance for continuous variables
and Fisher exact tests for categorical variables. A P value less
than .05 was considered statistically significant. Patientswhose
procedures were not performed (eg, cancelled) or proceeded
without study personnel present owing to medical urgency were
excluded from the analysis. Analysis was performed with the
intention-to-treat model.

Ethical Considerations
This study was approved by the Johns Hopkins University

School of Medicine institutional review board (ID
IRB00161331).
Results

Patient Enrollment

The dligibility, enrollment, and randomization procedures are
shown in Figure 1. Recruitment occurred from June 2019 to
March 2020 and was terminated owing to safety precautions
during the COVID-19 pandemic.
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Figurel. CONSORT patient flow diagram.
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Total patients eligible (N=71)

Excluded: patients declined (n=5)

Patients enfolled (n=64)

Patients enrolled into the reference
group (n=20)

Patients randomized to
child life specialists (n=25)

Excluded: patients had medical urgency
(n=2)

Random;zed (n=44)

Allocation | T
Patients randomized to
virtual reality (n=19)
Patient did not receive the
allocation (n=1)
,,,,,,,,,,,,,,,,,,,, 1 procedure cancelled
Analysis

Patients excluded from
this analysis (n=5)
1 bum debridement
* 1 laceration repair
1 abscess drainage
2 cast placement

Patients excluded from
this analysis (n=3)
1 burn debridement
1 laceration repair
¢ 1 medical urgency

Patients with venipuncture analyzed
(n=20)

17 caregivers analyzed

+ 3 patients were unaccompanied

Feasibility
Out of the 71 patients invited to participate, 66 (93%) were

recruited and 5 (7%) declined to enroll. Of the 15 patients in
this study population who were randomized to VR, 4 patients

. Patients with-venipunclure analyzed (n=20)

20 caregivers analyzed

Patients with venipuncture analyzed (n=15)

13 caregivers analyzed
+ 2 patients were unaccompanied

(27%) withdrew from using VR. Patients who withdrew had
issues related to the fit of the headset or distress with a
preference to watch the procedure (Table 1). All completed
procedures (63/63) had complete documentation of the parent
and caregiver coping/distress behaviors.

Table 1. Characteristics of the patients who withdrew from the use of virtual reality during pediatric procedures.

Age Sex Reason for virtual reality withdrawal CAMPIS-SFescores  Visual analog scale Cybersickness
(years) (range 0-1.00) (range 0-10) symptoms
Patient Patient Peak pain  Peak anxiety
coping distress
10 Female Declined because of poor headset fit and sliding down  1.00 0.00 7 1 No
too much, virtual reality withdrawn before the procedure
10 Female  Distressed during the procedure, removed virtual reality 0.46 0.54 5 9 No
to watch the procedure, withdrew in the middle of the
procedure
8 Female  Patient rolling and flailing, virtual reality removed for  0.43 0.57 10 10 No
safety and because the child preferred to see the proce-
dure, withdrew in the middle of the procedure
7 Female  The patient was moving, virtual reality headset was 0.89 0.11 6 3 No

slipping, so virtual reality removed at child life special-
ists' and patient discretion, withdrawn near the end of
the procedure.

8CAMPIS-SF: Child Adult Medical Procedure Interaction Scale-Short Form.

Clinical Outcomes

A total of 55 patients undergoing venipuncture comprised the
analysis of the clinical outcomes: 15 patients (15 caregivers)
wererandomized to VR group, 20 patients (15 caregivers) were
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randomized to child life specialist group, and 20 patients (17
caregivers) wereincluded in the reference group. The mean age
of al the patientswas 14.1 (SD 4.1) years. Patient demographics
were well-balanced across groups (Table 2). The mean
procedure duration in minutes was 5.1 (SD 5.0), 7.7 (SD 5.5),
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and 11.6 (SD 7.0) for the reference, child life specialist, and
VR groups, respectively. Analysis of the venipuncture
procedural resources (eg, needle successrate) are reported in a
secondary analysis [18]. Topical treatments (either lidocaine
cream or cold spray) were applied to 0, 2, and 2 patientsin the
VR, child life specialist, and reference groups, respectively.
Opiates (fentanyl, oxycodone, or morphine) were administered
totreat painin O, 2, and 1 patientsinthe VR, child life specialist,
and reference groups, respectively.

Table 2. Patient demographics for clinical outcomes.

Canareset a

Patient coping differed across groupswith higher copingin VR
group and child life specialist group than in the reference group
(P=.05). There were no significant differences in distress and
pain ratings for patients and caregivers between the groups.
Caregivers perception of their child'sanxiety also differed with
the lowest perceived anxiety in the child life specialist group
(P=.03). Therewasno changein cybersickness symptoms before
and after VR use (P=.37) (Table 3).

Reference Child lifespe-  Virtual reality
Patient demographics group cialist group group Total patients P value
Patients, n (%) 20 (36) 20 (36) 15 (27) 55 (100) N/A2
Age (years), mean (SD) 145 (4.2) 15.2 (4.0) 12.1(35) 14.1(4.1) .08
Age category (years), n (%) 19
Child (age range 7-9 years) 4 (20) 1(5) 3(20) 9 (15)
Early adolescent (age range 10-13 years) 3(15) 7 (35) 6 (40) 19 (31)
Middle adolescent (age range 14-17 years) 9 (45) 5(25) 533 22 (35)
L ate adolescent/adult (age =218+ years) 4 (20) 7 (35) 1(7) 12 (19)
Sex, n (%) 72
Female 12 (60) 12 (60) 11 (73) 35 (64)
Male 8 (40) 8 (40) 4(27) 20 (36)
Race, n (%) .20
Black or African American 11 (55) 11 (55) 4(27) 26 (47)
White 8 (40) 7(35) 9 (60) 24 (44)
Unknown or not reported 1(5 2(10) 2(13) 5(9)
Ethnicity, n (%) .30
Hispanic or Latino 0(0) 2(10) 2(13) 4(7)
Not Hispanic or Latino 20 (100) 18 (90) 13 (87) 51 (93)

3N/A: not applicable.
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Table 3. Clinical outcomes of the patients and caregivers.?
Reference Child lifespe-  Virtua reality
Outcome group cialist group group P value
Patient outcomes
Patients (N=55), n (%) 20 (36) 20 (36) 15 (27) N/AP
Child Adult Medical Procedure Interaction Scale score, mean (SD)
Patient coping score 0.70 (0.39) 0.90 (0.14) 0.88 (0.19) 046°
Patient distress score 0.20(0.32) 0.10(0.14) 0.12 (0.19) .36
Changein pain and anxiety scores, mean (SD)
Pain 0.95 (2.35) -120(416)  -0.20(431) .19
Anxiety 1.45(3.32) -0.10(174)  053(2.77) 20
Topical anesthetic used, n (%) 1(5 2(10) 2(13) 21
Cybersickness symptomsin children, n (%) 37
Before virtual reality use N/A N/A 3(20)
After virtual reality use N/A N/A 3(20)
Caregiver outcomes
Caregivers, n (%) 17 (36) 15 (32) 15 (32) N/A
Child Adult Medical Procedure Interaction Scale score, mean (SD)
Caregiver coping promoting score 0.57 (0.43) 0.52 (0.48) 0.63 (0.38) .76
Caregiver distress promoting score 0.20 (0.31) 0.08 (0.20) 0.24 (0.30) .28
Changein pain and anxiety scores, mean (SD)
Caregiver's perception of patient’s pain 0.00 (2.52) —2.47 (3.50) -1.73 (3.49) .09
Caregiver's perception of patient’s anxiety 1.29 (2.47) —-1.60 (2.64) —0.53(3.85) 03¢
Caregiver's own anxiety 0.35(1.32) -0.73(2.22) -0.13(3.09) 41

8Change in pain and anxiety scores ranges from —10 to 10. A negative value signifies reduced pain or anxiety during the procedure.

BN/A: not applicable.
CSignificant at P<.05.

Discussion

Principal Findings

This study found that real-time objective behavior observations
of patient and caregiver coping were feasible to perform in a
study of VR use in the pediatric emergency department. The
addition of objective behavioral observationsin this study isa
novel addition within the VR literature and may provide a
complementary endpoint for future VR studies. Observations
of patients behavior during medical procedures offer rich
objective data that can support past studies on the effectiveness
of VR on pain and anxiety [2,5,6,19]. Although real-time
observations were feasible in this protocol, patient recruitment
was slower than expected, in part due to patients who declined
to enroll and research assistant availability. Future protocols
may address this issue with augmented research staffing (eg,
increased numbers of hours per day or days per week of active
enrollment or increased numbers of research personnel) to
maximize recruitment during the study period. The clinical
outcomes offer preliminary data into the effect of VR on
children’s coping during venipuncture. Patients in the VR and
child life specialist groups exhibited similar coping during
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venipuncture, and both had higher coping than the group with
no standardized support (reference group). While past findings
show conflicting data on the effect of VR on pain and anxiety
during pediatric procedures[1,6,19,20], our study suggeststhat
VR and child life specialists both improve children’s coping
during venipuncture. A study designed with coping asaprimary
endpoint is warranted to fully explore the link between coping
and VR use.

Distraction is a psychological intervention that is effective at
reducing pain in children undergoing needle-based interventions
[21]. The immersive nature of VR makes it a deepened mode
of distraction [22], and therefore, apossible modality toimprove
the experience of pediatric venipuncture. Given the recent
physical distancing guidelines, aternate protocols can be
explored whereby the staff can set up the VR headset remotely.
A remote setup protocol for VR has considerable potential as
a relatively hands-off and well-tolerated distraction tool.
However, as caregivers perceived the lowest anxiety in the child
life specialist group, the psychological benefit of aformal child
life specialist support is evident.
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Our protocol offered VR to children asyoung as 7 years. Other
study protocols that used standard-sized VR headsets included
children as young as 7-10 years [1-3,5,19,23]. In addition,
unique to our protocol wasthe study of an off-the-shelf headset
with VR games that were not specifically designed for child
use during medical procedures. Our study found fairly low
recruitment of children younger than 13 years, in part owing to
alack of children undergoing eligible procedures during periods
of enrollment. Of the 9 children younger than 13 years who
were assigned to VR, 4 removed the mask due to distress or
poor fit. One consideration for inclusion criteria with VR use
in a young school-aged child is the measurement of the head
circumference or interpupillary distance. Proper VR headset fit
may be better predicted by a patient’s head size than age alone.
The efficacy of VR is influenced not only by its role as a
distraction and immersion tool but also by thefit of the headset,
maturity of the child, and their inherent ability to regulate their
emotional state in an immersed environment. Effectiveness of
a standard-sized VR headset and nonmedical games warrant
deeper exploration to understand what key factors influence
successful use of VR in children of different ages.

Another novel aspect of this protocol was the observation of
caregiver behaviors during pediatric VR use. Caregivers
comments and actions (eg, reassuring comments, apology, or
empathetic statements) are well described antecedents of
children’s distress [7,12,24]. VR as an immersive experience
may reduce caregiver distressing behaviors, which may be, in
part, due to the lack of need to overreassure a child who is
distracted or due to the inability to observe facial expressions
under a VR headset. Future studies may explore whether VR
affects the child-caregiver dynamics, which may elucidate a
new or evolving state of child-caregiver interactions during
medical procedures.

Limitations

Thispilot study has several limitations. First, asthiswasapilot
study, we were not powered to detect clinically meaningful
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differencesin several patient outcomes. Furthermore, owing to
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Conclusion

The findings of this study demonstrate that real-time
documentation of observed behaviors in pediatric patients and
caregiversisfeasiblein a study protocol evaluating VR during
medical procedures, particularly with sufficient research staff
for recruitment. Better coping was observed in children receiving
VR or child life speciaist support during venipuncture
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is warranted to fully evaluate the benefits of VR on pediatric
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Abstract

Background: Inadequate pediatric asthmacare hasresulted in potentially avoidable unplanned hospital admissionsand morbidity.
A widevariety of digital technologies have been developed to monitor and support treatment adherence in children and adolescents
with asthma. However, existing reviews need to be updated and expanded to provide an overview of the current state of research
on these technol ogies and how they are being integrated into existing health care services and care pathways.

Objective: This study aimsto provide an overview of the current research landscape and knowledge gaps regarding the use of
digital technologies to support the care of children and adolescents with asthma.

Methods: This study was structured according to the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) and Population, Intervention, Comparator, Outcome, and Study frameworks.
Five databases (PubMed, the Cochrane Central Register of Controlled Trials, Web of Science, Embase, and PsycINFO) were
systematically searched for studies published in English from 2014 onward. Two reviewersindependently screened the references
and selected studiesfor inclusion based on the eligibility criteria. Datawere systematically extracted per research question, which
were synthesized in a descriptive analysis.

Results: A widevariety of study characteristics, including the number and age of participants, study duration, and type of digital
intervention, were identified. There was mixed evidencefor the effectiveness of the interventions. Of the 10 studiesthat eval uated
treatment adherence, 7 (70%) found improvements, but the evidence was inconsistent for asthma control (6/9, 67% of studies
reported improvement or maintenance, but only 1 was significantly different between groups) and health outcome variables (5/9,
56% of studiesfound no evidence of effectiveness). The 6 studiesthat examined patient perceptions and assessments of acceptability
and usability generally had positive findings.

Conclusions: A wide range of digital interventions are being devel oped and eval uated to support the monitoring and treatment
adherence of children and adolescents with asthma. Meta-analyses areinhibited by the use of sampleswith avariety of overlapping
ageranges, atheoretical framework for evaluating specific age groupswould aid comparison between studies. Most studiesfound
significant evidence for improved adherence to treatment or medications, but there was mixed evidence of the impact of the
digital interventions on asthma control and other health outcomes. There are gaps in the literature relating to cost-effectiveness
and integration with existing clinical care pathways. This study will be necessary to determine which digital interventions for
children and young people with asthma are worth supporting and adopting in the clinical care pathways.

(JMIR Pediatr Parent 2021;4(3):€27999) doi:10.2196/27999
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Introduction

Background

Globally, asthmais the most common chronic illness affecting
children [1-3] and can have serious health consequences. It is
one of the key causes of urgent hospital admissions and
morbidity in children[3,4]. Thisisaparticularly urgent problem
in the United Kingdom. Out of all the Organization for
Economic Co-operation and Development countries, the United
Kingdom hasthe third highest risk of death because of pediatric
asthma|[3,4]. Although specific data are not avail able for many
countries, asthma has high costs worldwide [5]. The variation
in mortality across countries suggests that many of the negative
outcomes of childhood asthma, for patients and health care
systems, are potentially avoidable [6]. Effective management
programs are likely to be a cost-effective means of improving
asthma control and reducing the economic burden across
countries by enabling early and preventive measuresto be taken

[5].

A growing number of digital technologies are being devel oped
to help the self-management of people with asthma [7-9].
Broadly, digital technologies are electronic systems that can
collect, analyze, and share data, and common examplesinclude
mobile or web apps, smart devices, and other phone or
internet-based interventions. Some evidence suggeststhat digital
interventions can help support asthma health management,
particularly by improving medication adherence [10,11].
However, other results, particularly in terms of effectiveness
(depending on the outcome examined) [9] and app quality [8],
aremixed. Research hasaso identified limitationsin the studies
examining theseinterventions, including inadequate descriptions
of digital interventions, alack of economic analyses, and small
sample sizes[10,12].

For digital interventions to be effective, people need to be
willing to use them. Although digital interventions have been
shown to be generally acceptable to a wider population [11],
special consideration is needed when evaluating digital
interventions for children and young people. Adolescentsare a
particularly challenging group to treat, and poor health literacy
and self-management skills can affect their treatment adherence
and health outcomes|[2]. Attitudestoward el ectronic monitoring
devices were found to be mixed in adolescents, depending on
how they perceived the intervention [13]. Among those who
viewed asthma as a serious threat, the monitoring device was
viewed as reassuring. However, many adolescents were
suspicious of the device, reporting concerns that it would get
them in trouble if they did not adhere properly to their
medication and beliefs that their health care providers did not
trust them to take the medication [13]. This demonstrates the
need to examine digital interventions tailored specifically for
children and young people, as their needs and responses to the
interventions may not be the same as the general population.

https://pediatrics,jmir.org/2021/3/€27999
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Rationale

Although several systematic reviews have examined various
topics related to digital interventions for asthma management,
there is a need for a comprehensive overview of the evidence
being gathered to assess the effectiveness of various types of
digita interventionsfor children and young peoplewith asthma.
No previous reviews have been identified that are specific to
this population but are broad interms of the digital interventions
examined.

Of the systematic reviews that have focused specifically on
children and young people, the scope was limited with respect
to either outcome (eg, a focus on treatment adherence [14]) or
type of digital technology (eg, only mobile apps [10] or smart
devices[15]). Onereview provided acomprehensive assessment
of other systematic reviews [12]. However, this review was
published in 2014; given the rapid evolution of digital
technology [16], the state of the field has changed since the
review was conducted. For instance, electronic inhaler
monitoring isarelatively new development [17,18], with smart
inhalers only recently becoming commercially available [19].
Another review analyzed studies of children with awide range
of outcomes—adherence, headth outcomes, and user
perceptions—but only searched PubM ed and Embase databases
for the study, which raisesthe concern that somerel evant studies
might have been missed [9]. To determine if any relevant
reviews were in progress, PROSPERO was searched using
several combinations of keywords (asthma AND child OR
paediatric OR pediatric AND digital OR technology OR
mHealth OR eHealth). These searches identified one relevant
registration: a review that was planned, but not executed, by
academics associated with the current research team [20].

No reviewswerefound that examined how the technologies are
integrated into current clinical care pathways for children and
adolescents with asthma. Thisis an important area to examine
because digital technologies can provide heath care
professionalswith alarge body of information that enablesthem
to personalize asthma care plans and focus on preventive
measures[21]. A small study by American physiciansidentified
a mix of perceived benefits, barriers, and concerns about
integrating digital technologies in asthma care for adolescents
[22]. Further research is needed into how digital interventions
are currently integrated with health care services[21], toinform
the development of integrated clinical care pathways. An
overview of the different types of digital technologies and the
different waysthey are being integrated with health care systems
will help inform the development of effective, technologically
enhanced care pathways for children with asthma.

Objectives and Research Questions

The primary objectives of the scoping review are to assess and
summarize the current state of the literature on digitaly
enhanced asthma care for young people and identify any gaps
[23]. Three research questions were devel oped to focus on the
review:
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1 How are randomized controlled trials (RCTs) of
technologically supported asthma pathways being
conducted?

2. What is known about the effectiveness of digital
technol ogiesin supporting treatment adherence and remote
symptom monitoring in children and adol escents?

3. How are studies examining the integration of digital
technology into clinical care pathwaysfor pediatric asthma?

Methods

Overview

The review was structured following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Extension
for Scoping Reviews (PRISMA-SCR; Multimedia Appendix 1)
[24], and the search strategy was developed using the
Population, Intervention, Comparator, Outcome, and Study
framework (Textbox 1). No protocol wasregistered or published

Milne-lveset d

for this review. A preliminary review of the literature was
conducted to extract Medical Subject Headings (MeSH) terms
and keywords for the search. The search was performed in five
databases (PubMed, the Cochrane Central Register of Controlled
Trials[CENTRAL], Web of Science, Embase, and PsycINFO)
using the University of Plymouth’s search tool Primo, with
dightly adjusted search termsto fit the specific structure of each
database. The search termswere grouped into four themesjoined
in this structure: asthma (MeSH OR Keywords) AND asthma
management (MeSH OR Keywords) AND children (MeSH OR
Keywords) AND digital technology (MeSH OR Keywords).
Multimedia Appendix 2 lists a complete record of the specific
search terms and strings used for each database and the number
of references returned. The database searches were completed
on December 30, 2020, except for the CENTRAL database,
which was searched on December 31, 2020.

The inclusion and exclusion criteria are shown in Textbox 2.

Textbox 1. The Population, Intervention, Comparator, Outcome, and Study framework.

Population

«  Children and young people under 18 years of age with asthma.

Intervention

Compar ator

«  Nocomparator is required.

Outcome

systems.

Study types

« Any digita health technology aiming to support monitoring or treatment adherence of children and adol escents with asthma.

«  Theprimary outcomewasthe evidence for the digital interventionsat improving monitoring or treatment adherence. Secondary outcomesincluded
how the research was conducted, evidence for improved health outcomes, cost-effectiveness, and integration of the technology with health care

« Randomized controlled trials that evaluate at |east one digital technology to support the care of children with asthma.

Textbox 2. Inclusion and exclusion criteria of the study.

Inclusion criteria

aged below 18 years with asthma.

Exclusion criteria

«  Thereview included studies evaluating digital technologiesthat aim to support the monitoring or treatment adherence of children and adol escents

« Digita technologiesincluded, but were not limited to, mobile or web apps, smart devices, and other phone or internet-based interventions.
- Initialy, randomized controlled trias, quantitative, qualitative, cohort, and case study types were eligible for inclusion.
«  Given the number of studiesidentified, only randomized controlled trials were included in the review.

«  Asthe scope of the review was focused on ng evidence of the effectiveness of digital technologies for asthma monitoring and treatment
adherence, it was appropriate to limit the included studies to randomized controlled trials that can evaluate effectiveness.

o Studieswith adult participants were excluded during screening, and studies that only included adults were excluded during the full-text review.
«  Studies published before 2014 were excluded to limit the review to the current technologies.
o  Studiesthat merely described an intervention without eval uation were excluded.

«  Studies published in languages other than English were also excluded, as the review team did not have the necessary resources to assess them.

https://pediatrics,jmir.org/2021/3/€27999
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Screening and Article Selection

References were exported to the citation management software
EndNote X9 (Clarivate Analytics) for storage and duplicate
removal. Owing to the returning of the large number of
references, an initial screening was conducted by inputting
keywords relating to the inclusion and exclusion criteria into
the EndNote X9 search function. This was done in severa
stages, with each subsequent screening being conducted on the
subset of studies retrieved in the previous stage. For example,
keywords relating to digital technologies were searched for in
any field, and studies that did not contain at least one of those
keywords were excluded. Subsequent searches used keywords
to exclude studies that used terms unrelated to the topic (eg,
cancer, diabetes, and enzyme). Multimedia A ppendix 3 contains
a full description of the searches conducted. Searches of
keywords to exclude were based on common features of

Textbox 3. Article information and data extraction.

Milne-lveset d

irrelevant studies that were identified in a manual search. The
remaining titles and abstracts were screened by 2 reviewers
(MMI and CL) independently (with articles excluded with
reasons), and the final eligibility was determined by full-text
reviewsof the remaining references. Any discrepancies between
the reviewers were discussed until a consensus was reached.

Data Extraction

Outcomes were extracted by a reviewer (MMI) into a table
structured according to the 3 research questions (Multimedia
Appendix 4) and verified by a second reviewer (CL). Key
outcomes were predetermined based on a preliminary review
of the literature; however, because of the expected variety of
reported outcomes, rel evant outcomesthat were not prespecified
in the Population, Intervention, Comparator, Outcome, and
Study framework or data extraction tableswere also considered
for inclusion in the fina review (Textbox 3).

General study information
o Year of publication
« Samplesize

o Ageof participants

Digital technology
o Typeof digital technology
« Health care setting used in

Evaluation

«  Effect of technology on health outcomes

«  Cost-effectiveness of the intervention

« Integration of the technology with a health system or care pathway
«  Participant perceptions

o Acceptability

o Usahility

«  Other key performance indicators reported

»  Effect of technology on behavioral outcomes (eg, medication adherence and symptom monitoring and reporting)

Data Analysisand Synthesis

The data extracted from the studies about the key outcomes
listed in Textbox 3 were assessed using descriptive analysisand
summarized to provide an overview of the state of theliterature.
For outcomes related to effectiveness, the number of studies
that found strong evidence of effectiveness was compared with
the number of studies that assessed the outcome to provide a
synthesis of the state of the evidence for that outcome.
Implications of the findings were examined in the discussion.

Results

Included Studies

A total of 6314 articles were retrieved from the search of the 5
databases (Multimedia Appendix 2). A total of 1029 duplicates
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were removed by the EndNote X9 software, and afurther 5193
were screened using keyword searchesin EndNote (Multimedia
Appendix 3). Thetitlesand abstracts of 92 studieswere screened
and articles were excluded with reasons. Of these articles, 25
were selected for full-text review, and 20 were selected for
inclusion in the review. Of the total references, 6 referred to
one study and were either conference abstractsor did not include
the final results of the RCT. The paper with published results
of the RCT of that study wasidentified and included [25]. Three
references that only provided abstracts subsequently had full
texts identified; these full texts were cited and used for data
extraction and analysis. Thereasonsfor exclusion inthefull-text
review stage are shown in Figure 1.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. RCT: randomized controlled trial.
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L aims. Despite these restrictions to the scope of the review, the
Study Characteristics included studies had awide variety of study durations, sample
All the studies included in the review were RCTs and limited  sizes, age ranges, and types of digital intervention (Table 1).
to those that included monitoring or adherence functions and
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Table 1. Summary of characteristics of 20 identified studies (N=20).
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Study Year Study duration  Number of partici- Age of participants  Type of digital intervention
pants (years)

Beerthuizen et a [26] 2016 12 months 272 (280 enrolled) 4-18 Web-based monitoring

Bender et a [27] 2015 24 months 1187 312 Speech recognition automated tele-
phone program

Britto et al [28] 2017 6 months 64 12-22 Text message reminders

Chan et a [29,30] 2015,2017 6 months 220 6-15 Inhaler EMD® with audiovisual re-
minders

Goossens et al [31] 2014 12 months 209 4-11 EMD with text messages

Johnson et a [32] 2016 3 weeks 98 12-17 Website and text-based reminder
system (MyMediHealth)

Kosse et a [25,33,34] 2019 6 months 234 (66 pharmacies) 12-18 App ( ADAPTb)

Merchant et a [35] 2014 100 days 368 (490 enrolled) 5-80 EMD with feedback and educational
content

Morton et a [36] 2017 12 months 77 (90 enrolled) 6-16 EMD with alarms and feedback

Perry et a [37] 2018 3 months 393 7-14 School-based educational
telemedicine intervention

Real et d [38] 2019 4 months 40 4-11 Gamified app (CHANGE Asthma)

Reeceet a [39] 2017 4 months 48 13-60 App (Asthmawin)

Shields et al [40] 2017 12 weeks 22 2-16 MDOTS

Simoneau et a [41] 2019 6 months 43 8-17 EMD with reminders

van den Wijngaart et al [42] 2017 16 months 210 6-16 Web-based monitoring (Virtual
Asthma Clinic)

Vasbinder et a [43] 2016 12 months 209 4-11 EMD with text messages

Voorend-van Bergen et a [44] 2015 12 months 268 (280 enrolled) 4-18 Web-based monitoring

3EMD: electronic monitoring device.
BADAPT: ADolescent Adherence Patient Tool.
“MDOT: mobile directly observed therapy.

Over athird of the references identified as eligible during title
and abstract screening only had abstracts available (7/20, 35%)
[31,35,36,39-42]. They were included in the analysis where
relevant datawere available; one of the abstracts only presented
interim results [35]. Full texts were found for 3 of these 7
references [36,40,42], and data from those papers were used.
A total of 4 studies were analyzed by 9 separate articles and
abstracts: the ADolescent Adherence Patient Tool (ADAPT)
study [25,33,34], astudy comparing web-based Asthma Control
Test and fractional exhaled nitric oxide monitoring with standard
care [26,44], a study of inhaler electronic monitoring devices
(EMDs) with audiovisual reminders [29,30], and a study of a
real-time medication monitoring device with SMS text
messaging reminders [31,43].

There was awide range in study durations, from 3 weeks [32]
to 24 months [27], with the most common length of follow-up
being 6 or 12 months (n=4[25,28-30,33,34,41] and n=3 studies
[26,31,36,43,44] for each). There was also a wide range of
numbers of participantsincludedin the 15 studies, ranging from
22 [40] to dmost 1200 [27], with an average of approximately
230 participants and a median of 209 [31,43].

https://pediatrics,jmir.org/2021/3/€27999

There were no distinctive age categories that emerged from
these studies. Of the 15 distinct studies, only 2 pairs used the
same agerange (4-11 years[31,38,43] and 6-16 years[36,42]).
A total of 3 studiesincluded adult participants, aswell as child
or adolescent participants[28,35,39]. The youngest participants
included in the study were aged 3 years[27]. Of the studies that
focused on participants under 18 years, the age range eligible
for inclusion in each study ranged from 6 years (age 12-17 years
[32]) to 15 years (age 4-18 years [26,44]).

A total of 4 studies took place across multiple centers
[26,31,35,42-44], and most of the rest were associated with
large medical centers [27,28,32,38] or clinics [36,41]. The
remaining 5 studies were recruited from or associated with a
hospital emergency department [29,30], community pharmacies
[25,33,34], outpatient appointments in a hospital or Asthma
Clinic [40], Howard University [39], and impoverished, rural
school districts [37].

Types of Digital Interventions

Various types of digital interventions for monitoring or
improving medication adherence examined in the studies were
included in this review (Table 1). The most common type of
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intervention, evaluated by a third of the studies (5/15, 33%),
was EMDs. However, these EMDs varied in their features,
which included audiovisual reminders [29,30], text messages
[31,43], alarms [36], and app or web-based sources that could
be synced to provide personal feedback [35,36], educational
content [35], reminders [41], and capture adherence data [41].

Apps were another common intervention evaluated; 3 studies
specifically evaluated three different app-based interventions.
These included the ADAPT app that connects adolescents to
their community pharmacist through a desktop application and
enables them to monitor symptoms and adherence, chat with
peersand their pharmacist, watch short educational movies, and
set medication aarms [25,33,34]. Another app, CHANGE
Asthma, was developed for children by 5 pediatricians and
modified based on feedback from a pilot of 24 caregivers. It
used short videos and games and an asthma action plan to
improve asthma knowledge and control [38]. The third app
evaluated (Asthmawin) also included an asthma action plan
but focused more on monitoring symptoms and medication
adherence [39].

Other types of interventions evaluated included web-based
monitoring programs [26,44] (one of which was a component
of aVirtua AsthmacClinic[42]), aspeech recognition automated
telephone program to improve medication adherence [27], text
message medication reminders [28], a website and text-based
reminder system (MyMediHealth) [32], a remote directly
observed therapy tool to improve inhaler use and adherence
[40], and a school-based educational telemedicine intervention
that provided interactive video sessionsfor children, caregivers,
and school nurses[37].

Evidence of Effectiveness

Overview

Severd different outcome measures were used in the studiesto
evauate theinterventions, but the resultsregarding effectiveness
were inconsistent. The outcome with the highest proportion of
studies finding a significant, positive effect was for improving
medication adherence. The reported effectiveness of
interventions and improvement in asthma control and health
outcomeswere mixed. Patient feedback regarding acceptability
and usability was generally high.

Treatment or Medication Adherence

A total of 10 studies evaluated the effectiveness of their
interventions in improving treatment or medication adherence.
Over two-thirds (7/10, 70%) reported significantly higher
adherence in the intervention group compared with the control
group [25,27,29,31,32,36,41,43]. Of the remaining 3 studies,
one reported higher adherence in the intervention group
compared with the control group, but no analysis of significance
was provided [37], and one reported atrend toward improvement
over time [40]. The final study, which evaluated an SM'S text
messaging reminder system, found adecline in adherence over
the intervention and control periodsin both groups[28].

Of the 7 studiesthat found asignificant differencein adherence
between groups, 4 were evaluating EMDs [29,31,41,43]. The
others evaluated the speech recognition automated telephone
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program [27], the website and text-based reminder system
(MyMediHealth) [32], and the ADAPT app [25].

Only one study each evaluated the effectiveness of improving
inhaler use and symptom monitoring, both of which found
improvements. Shields et al [40] found that remote directly
observed therapy improved the inhal er technique equally inthe
immediate and delayed intervention groups. Perry et al [37]
found significantly higher self-reports of peak flow meter use
in the intervention group compared with the control group.

Asthma Control and Health Care Visits

Therewere very mixed resultsin 9 studiesthat eval uated asthma
control asan outcome. Of the 9 studies, 4 found either no effect
of theintervention on asthmacontrol [25,35,43] or no significant
difference between groups[38]. However, Real et a [38] found
asignificant positive association between the degree of app use
and asthma control.

Another 4 studies reported improved asthma control in the
intervention group compared with the control group
[36,39,40,42], although only one of these studies demonstrated
statistical significance [42]. Another one of these studies
analyzed the 2 groups together and reported a significant
improvement in asthma control over time [40]. The final study
found that asthma control could be maintained after aclinically
relevant reduction in inhaled corticosteroids in the web-based
monitoring condition [26,44].

Only 2 studies eval uated the effect of the intervention on health
care visits, but neither found any differences [27,42].

Health and Quality of Life Outcomes

Theoverall effect of the digital interventions on health outcomes
remains unclear. Of the 9 studiesthat eval uated health outcomes
(including quality of life or symptom-free days), 5 found no
significant improvement [25,26,31,36,37,43,44]. However, 3
studies reported significant improvements in self-reported
quality of life [32], asthma morbidity scores[29], and humber
of symptom-free days [42]. One study reported a significant
improvement in parents’ self-reported quality of life over time
and anonsignificant trend toward improvement of the children’s
quality of life [4Q].

Patient Perceptions, Acceptability, and Usability

A total of 6 studies examined outcomes related to patient
perceptions, acceptability, or usability. These studies reported
generaly high satisfaction and acceptability [30,32-34], adesire
to continue using the intervention [39,41], or positive feedback
[40].

Cost-effectiveness

Only 1 study (2 articles) explicitly assessed cost-effectiveness
[31,43]. The authors found that costs were higher in the
intervention group, and although this difference was not
statistically significant [43], the technology was deemed not
cost-effective because it was not associated with significant
improvementsin health outcomes [31]. Upon closer inspection
of reported mean adjusted costs per patient, although the hospital
costsin theintervention arm are lower, the medication cost and
parental production loss because of absence from paid work to
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carefor children have been calculated to be higher by 16% and
141.8%, respectively [31]. Another study discussed the potential
cost savings but did not analyze them as part of the study [36].

Integration With Clinical Care Pathways

Half of the studiesincluded in the review (8/15, 53% of studies
or 10/20, 50% of articles) did not explicitly discuss how the
digital intervention they were evaluating was integrated with
clinical care pathways[28-32,38-41,43]. A few studies described
sending datafrom the interventions back to physiciansto update
the patients’ health records or inform care, athough this
potential would likely be feasible for many of them. For the
few that did, integration of theintervention with the health care
system was generally reported positively.

Even among those that described a specific link between the
intervention and the health care system, the specific details
about integration were not the primary focus of the paper. For
instance, one study noted that the intervention was built into
routine clinical care in the study and described how data could
be uploaded to awebsitefor patients, parents or caregivers, and
clinicians to review adherence data together at appointments
[36]. Some of the studiesthat monitored symptoms or adherence
produced treatment advice based on data anaysis from the
system algorithms [26,44] or sent physicians warnings if a
patient was out of a certain threshold [35]. The Virtual Asthma
Clinic, which also sent feedback to physicians if a patient’s
asthma control scores were low, was found to be successful in
increasing asthma control and symptom-free days and was
proposed by the authors as a partial replacement for outpatient
visits [42]. Details of how these systems were integrated with
the health care system have not been described.

One study whose intervention was significantly integrated with
the health care system was the ADAPT app study [25,33,34].
One of the aims of the intervention wasto increase collaboration
and communication between adolescents and pharmacists
because of the increasing role of pharmacists as health care
providers in the Netherlands [25]. Pharmacists involved in the
intervention reported val uing theimproved contact with patients
and found the intervention satisfactory, useful in fulfilling their
role, and not time-consuming [34]. This contrasted with the
perceptions of pharmacists who did not participate in the
intervention, who identified time constraints as a barrier to the
use of mobile health [34]. However, a barrier was identified
because the stand-alone desktop interface of the ADAPT app
for pharmacists was not integrated with the pharmacy’s general
information system [34]. This study highlights the potential
value of deliberate and considers effortsto integrate new digital
health technol ogies for asthma management with existing health
systems.

Speech recognition telemedicine intervention was another study
that demonstrated integration with the health care system, which
was integrated with the hospital’s electronic health record
(EpicCare) to provide personalized calls to patients and is
compatible with all standard electronic health record systems
[27].

The attempt of one study [37] to involve primary care providers
in the intervention was not successful. Treatment prompts with
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medication recommendations based on caregiver reports and
guidelines were provided to the participants primary care
providers. These were found to be ineffective; of the 141
prompts sent out for individual participants, the request for
feedback received aresponse from only 1 primary care provider

[37].
Discussion

Principal Findings

Different varieties of studies were examined in thisreview; the
study duration ranged from 3 weeks to 2 years, the number of
participants ranged from 22 to 1187, and although the review
was focused on children and adolescents, the range of ages
studied was wide, with no distinct age groups emerging from
the studies. There were also several different types of digital
interventions analyzed in the RCTs, with EMDs and mobile
apps being the most common. Moreover, theintegration of these
technologies with existing clinical care pathways and health
systems has not been extensively discussed in most studies.

The review found inconsistent evidence for the effectiveness
of digital technologies in achieving their various aims. Most
support was found for the effectiveness of the interventionsin
improving treatment or medication adherence (7/10, 70% of
studiesfound significant evidence of effectiveness). Theresults
of studies assessing the impact of the intervention on asthma
control and health outcomes were mixed, with some studies
reporting positive effects and others showing no significant
effect. Across the studies, evaluations of patient perceptions,
acceptability, and usability were generally positive. Only one
study evaluated the cost-effectiveness of these solutions, but
because of insignificant improvement in health outcomes, the
intervention was not found to be cost-effective [31].

Limitations

One limitation of this review is that arisk of bias assessment
was not performed on the studies. Although thisisnot astandard
requirement for scoping reviews, it is alimitation of the study,
as it would have contributed to the assessment of the first
research question by providing an analysis of the quality of the
research being conducted on technologically supported asthma
pathways.

Another limitation isthat the research questions and aims were
adjusted after the search was performed. They were changed
before any screening or selection took place but may have
resulted in relevant articles being missed because the search
terms were established for a dlightly different scope. Owing to
time limitations, no manual searches of the references of reviews
retrieved in theinitial search were performed, which could have
resulted in eligible articles being overlooked.

M eaning and Future Research

The large number of studiesidentified in theinitial search and
the variety of technological interventions to support pediatric
asthma care demonstrate the broad scope of this research area.
This review identified a few strong trends regarding how
technologically supported asthma pathways for children and
young people are being researched. The studies used a large
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range of sample sizes and participants of varying ages, which
makes it difficult to make valid comparisons or conduct
meta-analyses across different studies. A theoretical framework
for determining what ages to study or how to stratify children
and young peopleinto age groupswould be useful for the future.
Currently, thereisno consensusin the literature on how to group
children of various ages for research, which is a significant
limitation in the field.

This review found that there is a wide variety of digital
interventions being explored. Although many of the studies
examined reported positive results, strong evidence of their
effectiveness in achieving various aims is still lacking. The
strongest evidence was for improving treatment and medication
adherence. However, the mixed evidence of asthma control,
health, and quality of life outcomes suggests that there might
be adisconnect between behavioral change and health outcomes.
As asthma is a long-term condition, the study duration of
included studies (from 3 weeks to 24 months) may not be long
enough to observe significant health impacts, or there may be
other factors influencing the relationship between treatment
adherence and health outcomes (eg, technique). Understanding
why this discrepancy was observed could help inform the design
of more effective digital interventions and better study designs.

Another notable areathat was missing from many of the studies
was an assessment of the cost-effectiveness of theintervention.
Considering that a key aim of many digital health technologies
is to reduce the burden on health care systems by improving
patient self-management, the benefit and cost of theintervention
compared with the current standard of care is essential in the
decision to integrate digital interventions into clinical care
pathways. This will be a key area to consider for future
evaluations of these technologies so that limited health care
resources can be deployed to create the greatest value [45].

The overall findings are generally consistent with the previous
reviews described in the Introduction section. Collectively, they
identified at least some evidence of the benefits (depending on
outcomes) of various digital heath technologies on
asthma-related outcomes [9-12,14]. One review aso noted a
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lack of dataregarding the cost-effectiveness of thedigital asthma
self-management interventions and patient perspectives [12].
This is also consistent with this review; patient perspectives
were generally high when reported but were only examined in
about a quarter (6/20, 30%) of the included studies.

Another key area for future research will be around the
integration of these digital solutionsinto clinical pathways. As
with cost-effectiveness, this review found that most studies did
not explicitly consider or evaluate how the technology they
were examining would interact with existing health systems.
The potentia benefit of integrating patient-reported data with
patients health records to inform care plans and pathways is
likely feasible for many of the technologies assessed but was
not examined as a key outcome of the technology. Similarly,
acceptability and usability data focused primarily on patient
users. Understanding how these technol ogies can best support
and interact with existing clinical pathways could help inform
their design, improvement, and sustainable adoption.

Conclusions

The purpose of this scoping review was to summarize the
literature on technologically enhanced asthma care pathways
for children and young people. A large body of research is
ongoing in thisareaand spansawide range of technologiesand
ages. Although there was some evidence for the effectiveness
of thedigital interventions examined, particularly for improving
treatment and medication adherence, further research is needed
to establish the effectiveness of the interventions in improving
asthma control and other health outcomes. This apparent
discrepancy between significant evidence for behavior change
and alack of significant evidence for subsequent health impacts
should be further examined, as it could indicate factors other
than treatment adherence that affect health outcomes and could
also be targeted for intervention. A couple of gaps in the
literature were identified in terms of cost-effectiveness and
integration with existing care pathways. Both of these aspects
are essential for the successful adoption, scale-up, and sustained
use of digital health interventions and are key areas for future
research.
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Abstract

Background: The changing pattern of anxiety and stress experienced by pregnant women during the COVID-19 pandemic is
unknown.

Objective: We aimed to examine the sources of anxiety and stressin pregnant women in Japan during the COV1D-19 pandemic.

Methods: We performed content analysis of 1000 questions posted on the largest social website in Japan (Yahoo! Chiebukuro)
from January 1 to May 25, 2020 (end date of the national state of emergency). The Gwet AC1 coefficient was used to verify
interrater reliability.

Results: A total 12 categories were identified. Throughout the study period, anxiety related to going outdoors appeared most
frequent, followed by anxiety regarding employment and infection among family and friends. Following the declaration of the
state of national emergency at the peak of the infection, infection-related anxiety decreased, whereas anxiety about social support
and mood disorders increased. Stress regarding relationships appeared frequent throughout the pandemic.

Conclusions: The sources of anxiety and stress in pregnant women in Japan changed during the pandemic. Our results suggest
the need for rapid communicationsin the early phase of apandemic aswell aslong-term psychosocial support to provide optimal
support to pregnant women in Japan. Health care professional's should understand the changing pattern of requirements among
pregnant women.

(IMIR Pediatr Parent 2021;4(3):€27733) doi:10.2196/27733

KEYWORDS

anxiety; content analysis; COVID-19; health communication; health information; mental health; pregnancy; social
guestion-and-answer website; socia support; stress

: treatment restrictions, and restrictions on the number of prenatal
Introduction hospital visits. In addition to specific infection preE:/ention
During a pandemic, public hedlth professionals have to MEBSUrEs, pregnant women aso require psychological care
communicate hedlth information to vulnerable people [1]. during @ pandemic as excessive anxiety and stress adversely
Pregnant women are considered vulnerable because of the affect both marterngl and |.nfa.1nt health[2]. Many previous studies
unknown risksto their health and to thefetus, pregnancy-related  Nave reported a higher incidence of anxiety among pregnant
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women during the ongoing COVID-19 pandemic, with a
prevalence rate of 30% for severe depressive and anxiety
symptoms [3,4].

Effective risk communication campaigns require a “socia
constructionist approach,” which seesrisk as being constructed
through social and cultural processes [5-7]. In this concept,
perceived risk may fluctuate through social processes and
professionals have to understand what the stakeholders may ask
and expect at each stage of a pandemic. Previous studies have
reported that increased distress among pregnant women has
been attributed to various factors, such as the risk of perinatal
infection, unpreparedness for delivery, and altered support
relationships [8,9]. However, little is known about changes in
the sources of anxiety and stress over time.

To cope with isolation associated with enforced lockdown
measures during the COVID-19 pandemic, many individuals
began to use the internet to search for information and connect
with others [10]. There are many socia question-and-answer
(Q&A) websites, where individuals may freely post questions
to be answered by other community members. In the past,
content analysis of questions posted to Q& A websites provided
valuableinsightsinto negative feelings and anxiety [11]. Social
Q&A sites can be similarly useful for rapid investigation of
anxiety and stressin dynamic situations such asthe COVID-19
pandemic.

This study aimed to identify whether and how the sources of
anxiety and stress in pregnant women in Japan changed during
the COVID-19 pandemic, by carrying out content analysis of
a social Q&A website, to inform preparations for timely
essential support for this population in the ongoing and future
pandemics.

Methods

Material Collection

The data were extracted from all questions posted in Japanese
on Yahoo! Chiebukuro[12], the largest social Q& A websitein
Japan, from January 1 to May 25, 2020 (the end date of the
national state of emergency). The questions were identified

Shirabe et al

through aweb-based search of the Japaneseterms* coronaAND
ninnpu (pregnant woman),” “corona AND ninnshin
(pregnancy),” “corona AND syussann (birth),” “corona AND
bunnben (delivery),” and “corona AND osann (delivery).” We
included only questions posted by pregnant women and excluded
those posted by women with intrauterine fetal death, those
unrelated to anxiety or stress about COVID-19, and duplicate
guestions. Because the data were publicly available, the
requirement for informed consent was waived.

Coding Procedure

The unit of coding was each question. Author RS read the text
of all questions and then inductively assigned codes and
categories to the extracted descriptions of anxiety and stress.
When a question expressed multiple sources of distress, we
coded it into all applying categories or codes. We enumerated
the questions in each category or code. RS aso tabulated the
posting dates to correlate changes with weekly eventsin Japan.

Two independent coders (RS an RY) coded 20% of the
questions, and interrater reliability was measured using the Gwet
ACL coefficient [13]. We used the coding carried out by RS for
the analysis.

Coding procedures were conducted using Excel (version 2011,
Microsoft Inc). Statistical analyseswere performed using R for
Windows (version 4.0.2, R Foundation for Statistical
Computing).

Results

Material and Coding

A total of 4200 “hits’ were obtained from the search terms, of
which 2040 were questions posted by pregnant women. After
excluding questions by women with intrauterine fetal death
(n=5), unrelated questions (n=376), and duplicate questions
(n=659), we retained 1000 questions for analysis (Figure 1).
The questions had a median of 360 (IQR 228-546) Japanese
characters and yielded 12 categories and 20 constituent codes
(Table 1), which demonstrated strong interrater reliability (Gwet
AC1=0.93, 95% CI 0.92-0.94). The total number of the codes
was 1677 (median 1, IQR 1-2).

Figure 1. Flow chart for the selection of questions for analysis on Yahoo! Chiebukuro (the Japanese version of Yahoo! Answers), the largest social

guestion-and-answer website in Japan.

Questions “hit™ in the Yahoo! Chiebukwro search (n=4200)

Eligible questions (n=2040)

Duplicate questions (n=659)

h J

Questions for analysis (n=1000)
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Questions from postpartum women (n=234)
—*  Questions from familv of a pregnant woman (n=209)
Questions from women with uncertain pregnancy status (n=1717)

Women with intrauterine fetal death (n=3)
—»  Questions unrelated to anxietv and stress regarding COVID-19 (n=376)
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Table 1. Definitions of the assigned anxiety and stress categories and constituent codes.
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Codes

Content

Example terms? extracted from the questions

Per sonal infection

Risk of maternal infection

Pre-existing conditions or contactswith
infected persons

Infecting others

Fetal well-being
Adverse effects of infection

Adverse effects of stress

Going outdoors
Daily life (eg, going to work)
Hospital visits (including prenatal
check-ups)

Family events

Social or leisure activities

I nfection among family and friends

Daily life (eg, going to work or school)

Family events

Undesirable outings or behaviors

Relationships

Discord from risk behavior

Discord from each other factors (eg,
spending more timetogether, estrange-
ment, and stress)

Mood disorders

Employment

Financial insecurity

Treatment as pregnant woman at the
workplace

Anxiety about personal infection as a pregnant
woman

Among nonpregnant women; anxiety about personal
infection related to current symptoms, chronic
conditions, or contact with a suspected infectious
person

Anxiety about infecting othersif asymptomatically
infected

Anxiety about transmitting SARS-CoV-2 to the
fetus or neonate

Anxiety about adverse effects of maternal stress

Anxiety or stress about going outdoors for each
purpose

Anxiety or stress about going outdoors for each
purpose

Anxiety or stress about going outdoors for each
purpose

Anxiety or stress about going outdoors for each
purpose

Anxiety or stress about contacts, including the be-
havior of those closeto the person, such as partner,
family members, and friends and workplace col-
|leagues

Anxiety or stress about contacts, including the be-
havior of those closeto the person, such as partner,
family members, and friends and workplace col-
|leagues

Anxiety or stress about contacts, including the be-
havior of those closeto the person, such as partner,
family members, and friends and workplace col-
|leagues

Anxiety or stress and deteriorating relationships
over others' risk behaviors

Distress about relationshipswith partners, children,
family, or friends, apart from risk behavior

Extreme feelings of sadness or depression

Anxiety about money

Anxiety or stress about workplace practices or
system, such as being forced to work or forced re-
tirement

Infection, coronavirus, maternal death, become se-
vere, risk to pregnant women, immune weakness,
and contraindications

Fever, sore throat, asthma, and diabetes mellitus

Family, other pregnant women, and canceled con-
sultation

Baby, fetus, newborn, protect, mother-to-child
transmission, abortion, stillbirth, disability, and se-
quelae

Baby, fetus, newborn, and stress

Shopping, supermarket, workplace, and government
offices

Hospital, prenatal check-up, parents’ or mother’s
class, and dentist

Wedding, graduation ceremony, and funeral

Party, travel, beauty salon, and zoo

Workplace, business trip, school, kindergarten,
hospital, and daily shopping

Wedding, graduation ceremony, and funeral

Dinner party, drinking party, travel, gambling, un-
welcome visit, visit after delivery, not washing
hands, and not wearing a mask

Quarrel, get angry or annoyed, dislike, untrustwor-
thy, divorce, and yelling at child

Quarrel, get angry or annoyed, dislike, untrustwor-
thy, divorce, and yelling at child

Cry, depressed, anxiety, finding it hard to live,
wanting to die, abuse, symptoms of stress (eg, ar-
rhythmia, stomach ache), and postponed or canceled
ceremony

Salary, unpaid, allowance, retirement, unemploy-
ment,

Forced to work, reduced working hours, maternity
or child care leave, intends to leave, harassment,
and revealing the pregnancy
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Codes

Content

Example terms? extracted from the questions

Self-isolation

Daily necessities or hygiene products

Anxiety or stress about self-isolation or staying at
home

Anxiety about daily necessities or hygiene

Stay at home, all day long, meal, exercise, and
neighborhood noise

Lifeline, mask, thermometer, baby supplies,
hoarding, and lack

Délivery facility, large hospital, returning to
parental home around delivery (Satogaeri), transfer,

Délivery facility Anxiety or stress about the delivery facility (exclud-
ing prenatal visits and delivering alone)
Society
Policy Anxiety or stress about social policies or systems

Actions or words of community mem- Anxiety or stress about talk or

bers the community
Social support
Whether to accept support Stress about accepting support

Lack of support or isolation Anxiety about lack of support

waiting time, postponed check-ups, and cesarean
section

Government, municipality, system, emergency
economic measures, and cash payment

actions of peoplein Hoarding, blame, and public

Self-restraint, parents, friends, homecoming, school,
and kindergarten

or isolation Alone, no oneto talk to, lonely, delivering aone,
visit restrictions, father, refused consultation, and

caring for achild alone

3Terms have been trangdated from Japanese into English in this publication.

Distribution of Categories and Codes

Figure 2 shows the frequency distribution of the assigned
categories and codes throughout the study period. The number
for each category refersto the total number of applied questions
and not the sum of the codes. Anxiety about going outdoors

was most frequent, followed by anxiety related to work and
anxiety related to infection among family and friends. Within
the category “going outdoors,” anxiety or stress about infection
in daily life (including going to work) was predominant, while
in the category “infection in family and friends,” anxiety or
stress related to undesirable activity was most frequent.

Figure 2. Frequency distribution of the anxiety and stress categories and codes described in the search questions. Some questions included multiple

categories and codes.

350

mmmm Categories
pmm Codes

g N 188 104 18
5 130 133 127
= 15U 1% _2
E 18 118
= _ 102
62 - 38 50 38 66 -
- 0 H I g 3
16 16
: u
L T S A T - NRFCrC $ N . e
@ g . 2 . S Eo : = ! PO Rt B R P o &
&‘-‘?@“&—0& & Q?(&\ '@“\f\ \%‘Po'%‘n‘ S @‘&@3’@;‘@‘\ ":p&@é’@“@»‘}a\o*& ‘°&¢c§§a§ e\’@ ‘é@“\% & q‘w}"’aﬁf \-a‘i°¢~:>p
& T LT o 6;. B b & Q’b ;| 2 o8 o o \p"ﬁ_ a b W & g & '¢a
AVAT &gt & Y Qo S & 0 PN . & T eF & AT A
gt 5 ol = &M i N % oF N . " R r &
FEFES 05 TS %”’(‘i T &S ® T e S & FE
FEFF VT EFT o & ST ST 9 ST
& & Fa o Fa $ D D & & S
S 8" ST i & & ¥ o v & 3
& o Ko R X P & o & N
Q't. ‘:?6‘ WS e Gé.p 5@ Qage* A8 g%é . & &5 o
& \4& Q(:} &c. o
< S
s &
Q
¥

https://pediatrics,jmir.org/2021/3/e27733

IMIR Pediatr Parent 2021 | vol. 4 |iss. 3 [e27733 | p.127
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING Shirabe et a
increase in infection with the second wave spreading from
Europe and the United States; and the third peak occurred in
the week of May 4, which coincided with the extended state of
emergency. I nfection-related anxiety (maternal infection, going
outdoors, and infection among family and friends), and
contributed to thefirst and the second peaks but declined during
the third peak, during which anxiety about social support and
mood disorders increased. Questions related to relationship
stress were frequent throughout the study period.

Changesin the Frequency Distribution of Categories

Figure 3 showstheweekly changesin the frequency distribution
of the anxiety categories and the chronology of key events
among pregnant women in Japan. There were 3 peaks in the
number of questions: the first peak occurred in the week of
February 24, 2020, which coincided with the first wave of
infection spreading from China; the second peak occurred in
the week of April 6, 2020, which coincided with the sharp

Figure 3. Weekly changes in the distribution of anxiety and stress categories and the chronology of key events among pregnant women in Japan. A:
first COVID-19 casein Japan (January 16, 2020), B: report of aneonate infected with COVID-19 in China (February 5, 2020), C: first COVID-19 death
in Japan (February 13, 2020), D: infection in a male physician; community infection suspected (February 13, 2020), E: official announcement of
candidate drugs, including one contraindicated among pregnant women (February 22, 2020), F: nationwide school closures in Japan (February 27,
2020), G: report of asevereinfection in aneonatein Japan (April 1, 2020), H: officia request to economic and labor organizationsfor specia considerations
for pregnant workers (April 1, 2020), |: declaration of astate of emergency in 7 prefectures (April 7, 2020), J: declaration of anational state of emergency
(April 16, 2020), K: reports of refusal among rural hospitals to accept transfers of pregnant women (April 23, 2020), L: extension of the national state
of emergency (May 4, 2020), and M: amendment of labor guidelines that enable leave of absence from work among pregnant workers during the

COVID-19 pandemic (May 7, 2020).
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Principal Findings

During the COVID-19 pandemic, pregnant women in Japan
expressed anxiety about infection and work as well as stress
regarding relationships and social support. The sources of
anxiety and stress changed over time; infection-related anxiety
increased during the early phase of rapid pandemic growth,
whileanxiety about social support and mood disordersincreased
with the extending period of self-isolation.

Anxiety and Stressin Pregnant Women

According to previous studies, many pregnant women were
anxious about using public transportation and about infection
among family membersduring the COVID-19 pandemic[14,15].
Pregnant women and new motherswere al so uniquely impacted
by stress related to reduced social and emotional support or
family conflicts during the pandemic [9]. The anxiety and stress
identified in this study is consistent with those reported
previously. During the outbreak, the prevalence of severe
depressive or anxiety symptoms among pregnant women

https://pediatrics,jmir.org/2021/3/e27733
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increased with an increase in the number of cases and deaths
[4]. Further, up to 30% of pregnant women reported
experiencing anxiety symptoms even during the remission phase
[16]. Given these findings, our study suggests the need for
different types of carefor pregnant women during a pandemic;
rapid intervention is warranted during early stages of infection
spread, whereas long-term support is needed even as the
infection begins to wane.

At the beginning of the COVID-19 pandemic, risk
communication campaigns seemed to fail owing to their reliance
on a redlist approach [6,7]. In this study, pregnant women
frequently posted questions regarding their anxiety and stress
related to materna infection during the early spread of the
pandemic. It has been reported that among expectant mothers,
anxiety was heightened upon learning about infected new
mothers and the lack of information from their physicians[17].
Pregnant women may perceive risk uniquely because the risk
of affecting offspring islikely to be deemed greater [18]. Health
care providers should use avariety of communication channels
and added information resources to distribute audience-specific
health messages [1]. Our results further suggest the need for
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specific messages that target family and friends—undesirable
behaviors in the people surrounding the pregnant woman
account for most of the anxiety about infection in family and
friends as well as for relationship stress. Through a
constructionist approach, there may be aneed for different types
of messages for partners and family members.

As the period of self-isolation became prolonged, pregnant
women frequently posted about mood disorders and the lack of
social support. A previous study reported that minimal contact
with health care providers and the lack of routine nursing care
during the outbreak contributesto social isolation [17]. Provision
of perinatal care as part of infection prevention protocols
requires ingenuity. Our results also suggest that health care
providers should continue to evaluate psychological distressin
pregnant women during this extended period.

Implication in Practice and Future Studies

During acrisis, professionals must attempt to identify the needs
of people in atimely manner because their needs may change
with time or through socia processes. In the expanding phase
of apandemic, health care providers should provide information
regarding infection to pregnant women and their support
network. With prolonging self-isolation, pregnant women also

Shirabe et al

require psychosocial support. Evaluation of interventions
including virtual perinatal care[19] will be needed in future.

Limitations

This study has some limitations. Although our results do not
differ from those of previous studies, the descriptions of anxiety
and stress posted on the social Q& A site may have been biased.
Although Yahoo! Chiebukuro is widely used (resolving
approximately 75,000 questions per month), its use asthe data
source may have introduced a selection bias, given that the
characteristics of the user population were unknown. The
assigned codes may a so have reflected an author bias. Despite
these limitations, to our knowledge, this is the first study to
show the changing pattern of anxiety and stress in pregnant
women during the COVID-19 pandemic.

Conclusions

Our findings show that pregnant women in Japan experienced
anxiety and stress about infection in the early stages of the
COVID-19 pandemic; however, over time, they increasingly
experienced mood disorders and distress about the lack of social
support. Professionals must understand these changing needs
of vulnerable populations for effective communication during
acrisis.
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Abstract

Background: In 2019, a new coronavirus emerged in China, and the disease caused by the virus (COVID-19) was rapidly
classified as a pandemic. Pregnant women with gestational diabetes mellitus (GDM) are considered to be at risk for severe
COVID-19. Inthe context of the pandemic, there are serious concerns regarding adverse effects on maternal and neonatal outcomes
for women with GDM. Effective treatmentsfor patientswith GDM are therefore particularly important. Dueto contact restrictions
and infection risks, digital approaches such as telemedicine are suitable alternatives.

Objective: This systematic review aims to summarize currently available evidence on maternal and offspring outcomes of
pregnant women with GDM and COVID-19 and to examine telemedical interventions to improve maternal glycemic control
during the COVID-19 pandemic.

Methods: Publications were systematically identified by searching the Cochrane Library, MEDLINE via PubMed, Web of
Science Core Collection, Embase, and CINAHL databases for studies published up to March 2021. We sorted the COVID-19
studies by outcome and divided the telemedical intervention studies into web-based and app-based groups. We analyzed case
reports (COVID-19) and both randomized and nonrandomized controlled clinical trias (telemedicine). To determine the change
in glycated hemoglobin A, (HbA,.), we pooled appropriate studies and calculated the differences in means, with 95% Cls, for
the intervention and control groups at the end of the interventions.

Results. Regarding COVID-19 studies, we identified 11 case reports, 3 letters, 1 case series, and 1 retrospective single-center
study. In total, 41 patients with GDM and COVID-19 were analyzed. The maternal and neonatal outcomes were extremely
heterogeneous. We identified adverse outcomes for mother and child through the interaction of GDM and COVID-19, such as
cesarean deliveriesand low Apgar scores. Furthermore, we selected 9 tel emedicine-rel ated articles: 6 were randomized controlled
trials, 2 were clinical controlled trials, and 1 was a quasi-experimental design. In total, we analyzed 480 patients with GDM in
the intervention groups and 494 in the control groups. Regarding the quality of the 9 telemedical studies, 4 were rated as strong,
4 as moderate, and 1 as weak. Telemedical interventions can contribute to favorable impacts on HbA ;. and fasting blood glucose
valuesin the context of the COVID-19 pandemic. Meta-analysis revesled amean differencein HbA . of —0.19% (95% CI 0.34%
t0 0.03%) for all telemedical interventions, —0.138% (95% CI —0.24% to —0.04%) for the web-based interventions, and —0.305%
(96% CI —0.88% to 0.27%) for the app-based interventions.

Conclusions: Telemedicineis an effective approach in the context of COVID-19 and GDM because it enables social distancing
and represents optimal care of patients with GDM, especially with regard to glycemic control, which is very important in view
of the identified adverse maternal and neonatal outcomes. Further research is needed.

(JMIR Pediatr Parent 2021;4(3):€28630) doi:10.2196/28630
KEYWORDS
gestational diabetes; telemedicine; mobile applications; COVID-19; systematic review; digital health; diabetes
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Introduction

In 2019, a new coronavirus known as SARS-CoV-2 emerged
in Wuhan, China; the disease caused by this virus, COVID-19,
was classified asapandemicin ashort period of time[1]. Since
then, 115,289,961 million people have been diagnosed with
COVID-19 worldwide, and 2.564.560 million people had died
as of March 5, 2021 [1]. The most vulnerable populations to
this virus are those with chronic diseases such as diabetes
mellitus (DM) [2-4]. Pregnant women are also considered risk
patients [5]. In addition, pregnancy complications such as DM
and hypertension have known as a double risk factor of
COVID-19 for pregnant women [6]. Pregnant women become
particularly vulnerable if they are diagnosed with gestational
diabetes mellitus (GDM) and also infected with SARS-CoV-2.

In 2019, in approximately 16% of live births, the mother
suffered from hyperglycemia during pregnancy [7]. In total,
84% of those births were associated with GDM [7]. The global
prevalence of GDM was between 2.1% and 37.5% as of 2019,
depending on screening methods and diagnostic criteria [7].
GDM isdiagnosed in the second or third trimester and isdefined
as not overt diabetes prior to gestation [8]. GDM-complicated
pregnancies are associated with adverse maternal and offspring
outcomes such as preeclampsia, hypoxia, pregnancy-induced
hypertension, type 2 diabetes, obesity and macrosomia, neonatal
hypoglycemia, large for gestational age, and adult type 2
diabetes, and cardio-metabolic diseases [9-11]. Intrauterine
exposure to increased levels of hyperglycemia “program” the
offspring for theselifelong consequences[12-16]. This concept
of transgenerational programming (also known as “fetal
programming” or “perinatal programming”) leadsto perturbation
during the devel opment phase by molecular mechanisms, which
may lead to dysfunctions in organs and metabolism [12-16].

In the context of the COVID-19 pandemic and with afocus on
women with GDM, there are serious concernsregarding adverse
effects on maternal, fetal, and neonatal outcomes[17]. Patients
with GDM need special care; however, clinical implications of
COVID-19 areunexplored [5]. Socia distancing and quarantine
have ensured that clinic visits are reduced owing to fear of
infection [18]. Furthermore, the measures ensure that physical
activity is reduced and eating habits change negatively;
moreover, there are overall effects on health care and access to
medication [18].

Owing to the contact restrictions and restrictions in the health
carearea, digital solutions are availableto ensure close treatment
of patientswith GDM. National guidelinesexplicitly recommend
telemedicinefor the management of GDM during the COVID-19
pandemic in countries such as Canada, Australia, New Zealand,
United Kingdom, Germany, Italy, and India [19-22]. The
national guidelines advise alternative opportunistic screening
strategies with a focus on glycated hemoglobin Ay, (HbA ),
random plasma glucose (RPG), and fasting blood glucose
(FBG).

Diabetestechnology includes hardware, software, and technical
devices that help to control the disease [23]. Telemedical
treatments show great potential in clinical diabetes management
[24-26]. Telemedicine characterizes the use of communication
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technologiesto improve patient outcomes by increasing access
to care and medical information [23]. Telemedicine overcomes
geographical and physical limits, improves health care access,
and enhances health-related outcomes [23].

More clinical and scientific analyses are urgently needed in the
context of COVID-19, GDM, and digital therapy options. It is
generally advisable to draw up a general pandemic guideline
with corresponding recommendationsfor action, which can also
be useful in case of other pandemics.

Against this background, we examine pregnant women with
GDM in more detail in the context of the COVI1D-19 pandemic
and with a view to telemedical treatment options. In this new
research areg, it isimportant to analyze previous literature and
provide suggestions for further research. Due to the limited
evidenceinthisfield, this systematic review aimed to summarize
currently available evidence on maternal and offspring outcomes
of pregnant women with GDM and COVID-19 and to examine
telemedical treatment methods to improve materna glycemic
control during the COVID-19 pandemic. With thisanalysis, we
would liketo set afirst milestone and a starting point for further
research in the areas of gestational diabetes, COVID-19, and
telemedicine.

Methods

Search Strategy

In general, when creating the systematic review and analyzing
the studies, wefollowed the Cochrane Handbook for Systematic
Reviews of Interventions [27].

Publications were systematically identified by searching the
Cochrane Library, MEDLINE via PubMed, Web of Science
Core Collection, Embase, and CINAHL databases for studies
published up to March 2021.

We conducted two systematic searchesto address our respective
research questions. One focused on the topic of GDM and
COVID-19, and the other focused on the topic of GDM and
telemedicine. The search strategies are shown in Multimedia
Appendix 1. After searching the databases, we removed
duplicate entries, screened titles and abstracts for suitability,
and then read the full texts. The studies were selected by two
independent reviewers.

COvID-19

This search was conducted using the following keywords:
(“gestational diabetes mellitus’) AND (“COVID-19" OR
“coronavirus’ OR “SARS-CoV-2"). Medical Subject Headings
(MeSH) and Embase Subject Headings terms as well as
title/abstract terms were searched. In addition, we manually
searched reference lists.

Telemedicine

This search was conducted using the following keywords:
(“gestational diabetes mellitus’) AND (“telemedicineg” OR
“telemonitoring” OR “telemetry” OR “mHealth” OR “mobile
applications’” OR “smartphone”). MeSH and Embase Subject
Headingstermsaswell astitle/abstract termswere searched. In
addition, we manually searched reference lists.
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Inclusion Criteria

COVID-19

Studies that met the following inclusion criteria were selected:
peer-reviewed; published in English or German; observational,
cohort, and clinical studies, case reports/series, letters, and
comments reporting maternal, fetal, and neonatal outcomesin
pregnant women with GDM and COVID-19.

Because COVID-19 emerged at the end of 2019 and is till quite
unexplored, especially for special target groups such as patients
with GDM, few studies are available to date. We therefore
considered various study designs (including case reports and
letters) and included all papers that reported on patients with
COVID-19 and GDM, even if GDM was not explicitly thefocus
of the respective paper. Furthermore, we did not impose any
restrictions on maternal, fetal, or neonatal outcomes.

Telemedicine

Articlesthat met the following inclusion criteriawere selected:
peer-reviewed; published in English or German; clinical
controlled trials (CCTs) and randomized controlled trials (RCTS)
examining telemedical treatment for pregnant women with
GDM and reporting on the maternal outcomes of HbA ,;, FBG,

or RBG.

Telemetry was defined as remote recording and transmission
of patient dataviaatelecommunications systemto ahealth care
provider to provide clinical support and improve health
outcomes [23]. We included video calls, telephone cals,
internet/web-based platforms, and smartphone/mobile app—ased
interventions.

Exclusion Criteria

COVID-19

Thefollowing articleswere excluded: papersthat did not specify
the type of diabetes, and articlesthat did not report maternal or
offspring outcomes and focused instead on GDM
screening/management/diagnosis, anxiety and stress during
lockdown, or prevention of GDM.

Telemedicine

Thefollowing articleswere excluded: posters, comments, letters,
study protocols, and proceedings; studies that did not specify
the type of diabetes; studies that described technologies only;
studies that pooled data with other technologies and other
diseases; and papers focusing on GDM prevention or GDM
diagnosis.

Data Extraction

We extracted the year of publication, study region, study design,
patient characteristics, intervention details for the telemedical
studies (type of technology, intervention and control group,
sample size), outcomes, and main results.
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Data Synthesisand Analysis

COVID-19

We sorted the COVID-19 studies by outcome. We divided the
outcomesinto maternal and offspring outcomes. Where possible,
we calculated the means (Apgar score and birth weight).

Telemedicine

We divided the telemedical studiesinto two groups: web-based
and app-based. Web-based interventions are based on websites
and the internet, with asynchronous communication between
patients and health care providers. App-based interventions are
based on smartphone and mobile phone apps.

We conducted a meta-analysis to determine the impact of the
interventions on the HbA ;. concentration because this was the
most frequently studied outcome. We used Excel (Microsoft
Corporation) for pooling the data and for calculations, and we
took into account all studiesthat provided completeinformation.
In the calculations, we considered web-based and app-based
studies. For determining the change in HbA ;. (%), we pooled
appropriate studies and calcul ated the differencesin the means,
with 95% confidence intervals, for the intervention and control
groups at the end of theinterventions. Based onthe HbA ;. mean

differences and confidence intervals, we created a forest plot.

Assessment of Risk of Bias

A quality appraisal of the studies was performed to determine
therisk of bias. We used the valid and reliable Effective Public
Health Practice Project (EPHPP) tool [28] for the appraisal of
randomized and nonrandomized clinical trialson health-related
topics. EPHPP consists of the following components: selection
bias, study design, confounders, blinding, data collection
methods, and withdrawals and dropouts. Thetool classifiesthe
study quality ranging between strong, moderate, and weak. The
assessment was performed by one reviewer.

Results

COVID-19

Search Resultsand Trial Flow

Theliterature search yielded 228 citations, of which 136 unique
citations were screened based on title and abstract (Multimedia
Appendix 2). Then, we screened 19 articles based on the full
texts. We added 1 study (Blauvelt et al [29]) through manual
research. Finally, we selected 16 appropriate COVID-19—el ated
articlesin this systematic review [3,5,29-42]. Of these, 11 were
case reports, 3 were letters, 1 was a case series, and 1 was a
retrospective single-center study. Intotal, 41 patientswith GDM
were analyzed. An overview of all included studiesis provided
in Multimedia Appendix 3.

Overall, the reported outcomes are very heterogeneous, and
there are only a few overlaps of the same outcomes in the
studies. It should also be noted that the papers are not very
detailed and generally contain littleinformation, which isrelated
to the fact that at the beginning of the COVID-19 pandemic,
papers can be published more quickly and in asimplified form.
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Maternal Outcomes

The most common COVID-19 symptoms were fever (n=12),
cough (n=13), dyspnea(n=4), shortness of breath (n=3), diarrhea
(n=2), and vomiting (n=2).

In total, 22 women required cesarean deliveries, including 3
emergency cesarean deliveries. Furthermore, 5 women were
admitted to the intensive care unit (ICU). Blauvelt et al [29]
reported lung overdistension, hyperglycemia after antenatal
corticosteroid administration, and mechanical ventilation (n=1
woman). Cooke et a [30] noticed that 1 patient experienced
psychiatric  sequelae  postoperatively. In  addition,
Vlachodimitropoul et al [31] outlined a postpartum hemorrhage
of 1.5 L, controlled with uterine artery ligation and B-Lynch
compression alongside uterotonics and blood products (n=1
patient). Govind et al [32] reported that, following delivery, a
patient continued to desaturate (80%-85%) on 100% oxygen.

Kleinwechter and Laubner [3] noted vaginal bleeding and that
the patient was fever-free at day 6, with oxygen requirement
declining (n=1 woman).

Moreover, Olivaet a [33] outlined that the status of the patient
(fever, dyspnea, respiratory status worsening from oxygen
saturation as measured by pulse oximetry [SpO,] 95%-92%)
improved rapidly post—cesarean delivery (2 hours after delivery
SpO, to the low 90th percentile on room air, which improved
to 100% on 15 L/min of oxygen) and that the cesarean delivery
was uncomplicated. Uzel and Lakhno [35] found leukocytosis
(19 x 103/pL) and mild anemia (hemoglobin 10.1 g/dL) in the
clinica blood test (n=1 woman). Activated partial
thromboplastin time, prothrombin time, and international
normalized ratio were prolonged, levels of C-reactive protein
(179.7 mg/L) and procalcitonin (0.15 ng/ml) were raised, and
low oxygen saturation (75%) was detected. The authorsreported
that the patient died (35 year-old woman with obesity,
lymphopenia, hyperglycemia, and trace proteinuria). D’ Ambrosi
et a [37] outlined that 6 women (in aretrospective single-center
study) did not require | CU admission or mechanical ventilation,
but 4 women underwent elective cesarean deliveries.

In addition, Fontanella et al [38] reported that there were no
adverse maternal outcomes and the women | eft the hospital after
5 days because of rapid improvement. Kleinwechter et a [5]
(n=21 women) showed 2 admissionsto the ICU, and in 4 cases,
the women received symptomatic COVID-19-associated
therapy. No invasive ventilation was required, and 56% of the
cases were cesarean deliveries (9/16).

Offspring Outcomes

The mean Apgar score (1 minute) was 5.9 in 8 newborns
[29-33,35,36,39]. In addition, the mean Apgar score (5 minutes)
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was 7.5 in 17 newborns (including 1 set of triplets)
[29-33,35-37,39]. The birth weight [30,32-37,40,41] was
between 1250 g [40] (a triplet) and 4165 g [32], whereas the
mean birth weight was approximately 2621.29 g (n=17
newborns).

Blauvelt et a [29] reported that the newborn evolved respiratory
distress syndrome and laboratory test results showed |eukopenia,
neutropenia, lymphopenia, mild acidosis, and normal lactate.
A SARS-CoV-2 test was negative, and at 16 days of life, the
neonate was clinically stable on high-flow nasal cannula at 3
L/min and 21% fraction of inspired oxygen (FiO,). Govind et
al [32] observed viral pneumonia on day 6, but the newborn
recovered well and was ventilated for 10 days.

Moreover, Oliva et al [33], Uzel and Lakhno [35], Majachani
et al [39] and Rabiei et a [40] noted admissionsto the neonatal
intensive care unit (NICU) (n=6 newborns). Intotal, 2 newborns
needed supplement oxygen [32,33]. Additionally, 7 children
tested negative for COVID-19 after their births[29,35,36,40,41],
and 1 had a positive nasopharyngeal swab after 24 hours. Pulinx
et a [42] reported the death of 2 fetuses (twins). Cooke et al
[30] and Fontanella et a [38] observed no adverse neonatal
outcomes.

Telemedicine

Search Resultsand Trial Flow

Theliterature search yielded 408 citations, of which 348 unique
citations were screened based on title and abstract (Multimedia
Appendix 3). Then, we screened 14 articles based on the full
texts. Finally, we selected 9 appropriate telemedicine-related
articles [43-51] in this systematic review. Of these, 6 were
RCTs, 2 were CCTs, and 1 was a quasi-experimental design.

In total, we analyzed 480 patients in the intervention groups
and 494 in the control groups. The interventions were grouped
into web-based and app-based interventions. We did not find
any video consultations, and we did not find studiesthat reported
on the outcome of RPG. In total, we analyzed 6 web-based and
3 app-based telemedicine interventions.

Quality Assessment

Furthermore, 4 studies were rated as strong, 4 were rated as
moderate and 1 as weak quality studies. The quality appraisals
are presented in Multimedia Appendix 4.

Table 1 provides an overview of the characteristics and
outcomes of the telemedicine studies. Multimedia Appendix 5
contains a PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist for the systematic
review.
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Table 1. Characteristics and outcomes of telemedicine studies.
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Author (year), location Design Patients, n Type of technology  Intervention details Outcomes P value
Homko et al (2007), RCT? s 1G> Web-/internet-based «  Web-based managementinter-  Hpa; 9 (change) Not re-
United States [44] . oGS 29 active system: data transmis- (%) ported
: sion at least 3 times/week,
messaging between hedthcare * 16 6.1(0.8)
professionals and patients + CG62(22)
. ntrol: +
l((:)c;btogksuwal CACT PRI e (change)
(mg/dL)
« 1G:90.8(11.8)
« CG:88.6(9.5)
Homko et a (2012), RCT « 1G:40 Web-/internet-based «  Web-based management inter- FBG (change) .26
United States [43] « CG:40 active system: interactivevoice  (mg/dL)
response telephone communi- | |G- 915 (10.5)
cation, auto-reminders . CG:94.3(0.26)
«  Control: logbook reviewed at
clinic visits
«  Both: clinic visitsevery 2
weeks and weekly from 36
weeks' gestation
Kimeta (2019), Korea Quasi-ex- « 1G:22 Web-/internet-based «  Web-based system: weekly HbA ;¢ (change) (%) Both not
[46] perimen- « CG: 22 web-based hedlth diary, trans- . 1G:50(0.2) signifi-
tal study mitting daily FBG, individual Cé' 5'3 (6 7) cant (not
education T reported)
o Control: received nutrition ed- FBG (change)
ucation (mg/dL)
. 1G:788(8.4)
. CG:80.9(84)
Given et a (2015), RCT . 1G24 Web-/internet-based «  Usual care and telemedicine  HbAq¢ Not re-
United Kingdom [45] . CG:26 hub with website, mobile . 1G:3404 ported
phone and landline, weekly (3_'23) ’
feedback mmol/mol
«  Control: face-to-face clinic (5.26%in-
visits every 2 weeks, self- crease)
monitoring of blood glucose +  CG: 33.84
(2.88)
mmol/mol
(5.25%in-
crease)
Dalfraet al (2009), cctf . 1G:88 Web-/internet-based «  Transmissionof glycemicdata HbA . (change) (%) .008
Italy [47] « CG:115 through telephone receiver and . 1G:51(06)
feedback, monthly clinic visits . Cé: 5'.3 ((')_5)
«  Control: not adequately de-
scribed
Perez-Ferre et a RCT « 1G:50 Web-/internet-based «  Internet and app—based via HDbA 1 (change) (%) Not re-
(2010), Spain [48] . CG:50 SM Stext messaging: transmis- . 1G:53(04) ported
sion of self-monitoring data, Cé: 5 4 ((')' 2

SM Stext message communica
tion between patients and
health care professionals

Control: face-to-face outpatient
clinic visits
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Author (year), location Design Patients, n Type of technology  Intervention details Outcomes P value
Mackillop et al (2014), RCT . 1G:101 App-based «  Mobile phone-based blood HbA 1 Not re-
United Kingdom [50] « CG: 102 glucose management so_l ut.| on: 0.02% rise per ported
health app (data transmission 28 davsin th
; aysin the
and feedback at least 3 times intervention
per week), clinic visitsevery 4
ks group ar_1d
08w 0.03% rise per
28 daysinthe
control group
. Nodatistically
significant dif-
ference (inter-
vention vscon-
trol: —0.01%,
95% CI -0.05
to0 0.03)
Guoeta (2019), China RCT . 1G: 64 App-based o Usual care+ app “Dnurse” for HbA4.(change) (%) HbA;:
[49] « CG:60 data transmission and feed- . 1G:47(0.2) .001
back, and educational informa- | ~5. 5 5 ((') 3) FBG.74
tion about gestational diabetes T .
mellitus FBG (change)
«  Control: standard outpatient (mg/dL)
treatment « 1G:4.9(0.9)
. CG:5.0(0.8)
Yang et d (2018), Chi- CCT « 1G:57 Smartphone/WeChat «  Smartphone-based FBG (change) <.001
na[51] . CG:50 telemedicine system (WeChat  (mg/dL)

app) and articles providing
continuous health education,
cloud database

. 1G:431(0.75)
. CG:531(1.29)

«  Control: Usual care and health
education

8RCT: randomized controlled trial.
B1G: intervention group.

¢CG: control group.

9HpbA 1c: glycated hemoglobin A .
®FBG: fasting blood glucose.
fCCT: controlled clinical trial.

Effects on HbA,. Values

The effects of the interventions based on the comparison of
HDbA ;. level s between theintervention and control groupsat the
end of the study were analyzed. Dalfraet a [47] (strong quality)
and Guo et al [49] (strong quality) indicated clear and significant
improvements of HbA ;. values (P<.001 [49] and P=.008 [47]).
Our findings are based on 5 web-based [44-48] and 2 app-based
[49,50] studies. The meta-analysis revealed a mean effect size
of —0.138% (95% CI —0.24 to—0.04) for web-based interventions
and -0.305% (95% ClI -0.88 to 0.27) for app-based
interventions.

In general, the meta-analysis demonstrated a mean difference
in HbA ;. of —0.19% (95% CI 0.34 to 0.03) for all telemedical
interventions (n=7). Multimedia A ppendix 6 providesthe forest
plot and the calculations and data for the meta-analysis.
Effectson FBG Values

Intotal, 2 of 3 studies reported improvementsin FBG levels by
web-based interventions. Homko et al [43] (moderate quality)
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outlined enhancementsin their intervention group compared to
the control group (intervention, 91.5 [10.5] mg/dL, vs contral,
94.3 [0.26] mg/dL, P=.26). In addition, Kim et a [46] (weak
quality) showed lower FBGs in the intervention group (78.8
[8.4] mg/dL) compared to the control group (80.9[8.4] mg/dL),
but the difference was not significant between groups (P value
not reported).

Furthermore, all app-based studies (n=2) reported clear
decreases in FBG vaues by implementing app-based
telemedicine interventions. Yang et a [51] (moderate quality)
indicated that a smartphone-based tel emedicine system (WeChat
app) was significantly associated with an obviousimprovement
in FBG (intervention 4.31% (0.75) versus control 5.31% (1.29),
P<.001). Moreover, Guo et a [49] (strong quality) showed
improvements compared to the controls (intervention 4.9% (0.9)
vs control 5.0% (0.8), P=.74).
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Discussion

Principal Results

This systematic review indicated that telemedicineinterventions,
especially web-based and app-based treatments, can contribute
to favorable impacts on HbA ;. and FBG values in the context
of the COVID-19 pandemic. Meta-analysis revealed a mean
difference in HbA,. of —0.19% (95% CI 0.34 to 0.03) for all
telemedical interventions (n=7), —0.138% (95% CI -0.24 to
—0.04) for web-based interventions (n=5), and —0.305% (96%
Cl -0.88 to 0.27) for app-based interventions (n=2).

Digital treatment approaches are an innovative alternative to
conventional GDM therapies, particularly due to social
distancing, quarantine, and the risk of infection for pregnant
women. Interest intelemedicineisincreasing because of benefits
such as the lack of need for physical presence as well as cost
and time benefits [52,53].

Optimal glycemic control through telemedicine can mitigate
negative consequencesfor mother and child. Patientswith GDM
and COVID-19 need specia care. Using the current evidence,
we were able to identify and analyze adverse outcomes for
mother and child through the interaction of GDM and
COVID-19, such as cesarean deliveries, admission to the
(neonatal) ICU, ventilation, and low Apgar scores. The
long-term consequences for mother and child are currently
unknown. Unfortunately, the papers available are often short,
are not detailed, and only consist of case reports and letters.
Clinical studieswith strong methodol ogies on various outcomes
in the context of COVID-19 and GDM are urgently needed to
determine the clinical implications. Furthermore, the outcomes
were extremely heterogeneous, and quantitative analysis and
synthesis were therefore difficult.

As mentioned, early therapeutic strategies are required to
improve the management of GDM effectively, because GDM
can contribute to long-term consequences for the child by
transgenerationa programming. Transgenerational programming
is a perturbation during development phases that can lead to
“programming errors’ in organ functions and metabolic
regulation. This leads to diseases in later life, such as
non—insulin-dependent diabetes, obesity, hypertension, and
cardiovascular disease [54]. GDM can contribute to these
programming errors and to long-term consequencesfor the child
[54]. GDM occursover alimited period of time; therefore, little
time is available to understand and treat the condition, and
effective therapiestargeting glycemic and metabolic control are
thus necessary [55].

Overall, telemedical approaches clearly improve the glycemic
control of women with GDM and thus lead to a positive effect
regarding transgenerational programming. Telemedicine
effectively enhances the management of GDM in the context
of the COVID-19 pandemic. Other reviews by us [24-26]
showed that telemedical therapy canimprove glycemic control,
decrease the number of scheduled and unscheduled hospital
visits, and improve several feta and neonatal short-term
outcomes.

https://pediatrics.,jmir.org/2021/3/e28630
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With regard to different types of telemedical interventions, we
were able to identify web-based and app-based interventions;
however, fewer interventions were app-based despite the good
operability of smartphone apps. We could not find other
technologies, such as videoconferences, in the GDM context,
but these technologies show great potential for other types of
diabetes.

Limitations

Thenational guidelinesaswell as different threshold valuesfor
the diagnosis of GDM affect the findings and must be
considered. With different definitions of GDM, participants
may not be precisely comparable. A uniform global definition
of GDM would be necessary to address this issue.

Moreover, because COVID-19 is a rapidly developing topic,
the COVID-19 studies are methodol ogically weak, are not very
detailed, and were published quickly to rapidly publishimportant
findings and generate evidence in the context of the new
COVID-19 pandemic. Thislimitation must be taken into account
regarding this analysis.

In addition, the maternal and offspring outcomeswere extremely
heterogeneous. More studies are needed that bring patientswith
GDM into focus. Larger sample sizes are necessary. In further
studies, it is advisable to focus on maternal, fetal, and neonatal
outcomes, which are also considered in other GDM studies
(when analyzing therapy options for patients with GDM) and
are particularly relevant to health, such as cesarean deliveries,
admission to the ICU, glycemic control (hyperglycemia, fasting
blood glucose, HbA,, etc), fetal distress, Apgar score, birth
weight, and respiratory distress syndrome. With regard to
COVID-19—~elevant outcomes, our analysis has shown that in
particular, COVID-19 symptoms, ventilation, COVID-19
therapy, SARS-CoV-2 testing of newborns, nasopharyngeal
swabs, and supplemental oxygen are relevant and need further
investigation.

Comparison With Prior Work

To our knowledge, we are thefirst group to perform asystematic
review on GDM, COVID-19, and telemedicine. Other reviews
and meta-analyses on GDM and telemedicine reported similar
positive results regarding telemedicine care in gestational
diabetes management [56,57]. Xie et a [58] showed that,
compared to usual care, telemedicineinterventions can decrease
theglycemic levelsof patientswith GDM effectively and reduce
the risk complications (HbA ., mean difference —0.70, P<.01,
and FBG, mean difference —0.52, P<.01). However, evidence
of clinical effectiveness of telemetric interventions on GDM
management is still lacking, particularly regarding app-based
and video-based interventions.

Conclusions

Thisreview setsafirst milestone and a starting point for further
research in managing patientswith GDM during the COVID-19
pandemic.

Pregnant women with GDM are at increased risk of a severe
course of COVID-19. Inthe context of the COVID-19 pandemic,
a shift to digital therapy approaches, such as telemedicine, is
taking placein medical practices. At thispoint intime, analyses
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and conclusions on adverse outcomesin women with COVID-19
and GDM are scarce; however, we have summarized the first
evidence available. Further research is needed to understand
the epidemiol ogy and health care interventions needed to most
effectively treat women with COVID-19 and GDM. In addition,
the transgenerational interplay between COVID-19 and GDM
needs further  investigation, and  evidence-based
recommendations are needed.

Eberle & Stichling

Telemedicineisamodern and effective approach in the context
of COVID-19 and GDM, as it reduces contact and enables
patients with GDM to still be optimally treated with regard to
adverse pregnancy outcomes. Other telemetric approaches, such
as video consultations, need to be investigated more closely,
and intervention effects in relation to RPG should also be
examined.
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Abstract

Background: Telehealthisincreasingly used to provide specialty consultationsto infants and children receiving care. However,
there is uncertainty if the COVID-19 pandemic has influenced the use of telehealth among vulnerable populations.

Objective: This research aims to compare the overall use of tele-urgent care visits for pediatric patients before and after the
pandemic, especially among vulnerable populations.

Methods: We conducted a cross-sectional analysis of pediatric tele—urgent care visits at avirtual care center at a southeastern
health care center. The main outcome of this study was the use of pediatrics tele-urgent visits across geographical regions with
different levels of social disparities and between 2019 and 2020.

Results. Of 584 tele-urgent care visits, 388 (66.4%) visits occurred in 2020 during the pandemic compared to 196 (33.6%)
visits in 2019. Among 808 North Carolina zip codes, 181 (22%) consisted of a high concentration of vulnerable populations,
where 17.7% (56/317) of the tele-urgent care visits originated from. The majority (215/317, 67.8%) of tele-urgent care visits
originated from zip codes with alow concentration of vulnerable populations. There was a significant association between the
rate of COVID-19 cases and the concentration level of social factorsin agiven Zip Code Tabulation Area.

Conclusions: The use of tele—urgent care visits for pediatric care doubled during the COVID-19 pandemic. The majority of the
tele-urgent care visits after COVID-19 originated from regions where there is a low presence of vulnerable populations. In
addition, our geospatial analysis found that geographic regions with a high concentration of vulnerable populations had a
significantly higher rate of COVID-19—confirmed cases and deaths compared to regions with alow concentration of vulnerable
populations.

(JMIR Pediatr Parent 2021;4(3):€25873) doi:10.2196/25873
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Introduction

Pediatricians have used telehealth to provide a broad range of
health care services among primary and specialty care [1-3].
Telehedlthisincreasingly used to provide specialty consultations
to infants and children receiving care [4]. However, since the
pandemic, the use of tele—urgent care for pediatrics has grown
to include telephone consultations and remote surveillance or
to replace in-person primary care visits without sufficient
evaluation of these interventions [5-7]. There is limited
knowledge on the use of tele-urgent care to respond to urgent
care needs in pediatrics during the COVID-19 pandemic.

Social determinants of health are paramount to the use of
tele-urgent care because of the widening digital divide that
occurs as a result of differences in individual socioeconomic
characteristics[8]. Social determinants of health can be defined
asthe circumstances that impact the health of individuals from
birth to death including socioeconomic, educational, and access
to health care [9]. Prior to the COVID-19 pandemic, health
disparities and inequity demonstrated differences in adoption
of tele-urgent care among vulnerable populations [10,11].
Vulnerable populations are defined as populations that are at
risk for health access because of economic, ethnic, or health
characteristics [12]. In this study, we refer to vulnerable
populations based on race, socioeconomic status, and health
insurance status. Thereisuncertainty if the COVID-19 pandemic
has influenced the use of tele-urgent care among vulnerable
populations. Therefore, the objective of this study was to
comparethe overall use of tele—urgent care servicesfor pediatric
patients before and after the COVID-19 pandemic especially
among vulnerable populations.

Methods

Overview

We conducted a cross-sectional analysis of pediatric tele—urgent
care visits at avirtual care center at a southeastern health care
center. The virtual care center offers on-demand servicesto all
patientsolder than 2 yearsregardless of their geographic location
or medical affiliation to a health care system. Patients are
required to create a profile through the virtual care center web
portal and provide persona information such as age, gender,
residential address, and insurance coverage. The web portal
allows patients to choose from alist of providers based on the
patient’s chief complaint. In addition, patients can choose
between having an on-demand visit or scheduling avisit based
on their preference and the availability of the provider.
Board-certified physicians are available for on-demand televisits
with the ability to prescribe and send medicationsto the patient’s
choice of pharmacy.

Data and Materials

Thetele—urgent care visit data were received and preprocessed
in Excel (Microsoft Corporation). All patients between the ages
of 2 and 18 years were included in the analysis. Gender had
three categories that were male, female, and nonbinary.
Insurance type included the member ID and group ID if the
patient provided insurance coverage information. Otherwise,
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the insurance field was empty, indicating the patient reported
No insurance coverage.

Outcomes

The main outcome of this study was the use of pediatrics
tele—urgent care visits across geographical regionswith different
levels of social disparities and between 2019 and 2020.

Data Analysis

Since tele-urgent care participant data were collected and
available at the zip level, Zip Code Tabulation Areas (ZCTAS;
generalized areal representations of United States Postal Service
Zip code service areas) were used as the unit of analysis [13].
A variety of detailed demographic data are available at the
ZCTA level from the American Community Survey (ACS) [14].
We developed social factors based on previous socid
determinants of health models [15], including our own model
to assess health disparities in the use of tele-urgent care [10].
We collected daily COVID-19 case counts in North Carolina
Zip codes during the study period to assess if there was a
relationship between the prevalence of COVID-19 and the use
of tele-urgent care for pediatrics within North Carolina zip
codes.

For this research, ZCTA-level social factors data was obtained
from the ACS 2014-2018 5-year estimates, the most current
5-year data available from the ACS. We used percentages to
account for population density for each socia factor. Social
factors used in the analyses were percent American Indian or
Alaska Native people, percent of Black or African American
people, percent in poverty, percent of single female headed
households receiving Supplemental Nutrition Assistance
Program (SNAP; formerly known asfood stamps) with children
younger than 18 years, percent of households receiving food
stamps or SNAP with a person older than 60 years, total
population receiving Medicare, and total population receiving
Medicaid. For each variable, a threshold was set to determine
if aZCTA was at risk (ZCTAs with a value over the threshold
were coded with a 1, while those below were coded with a 0).
Scores across all factors were tabulated for all ZCTAsto create
an aggregate risk and deprivation score (higher aggregate scores
indicate greater risk and deprivation). The coding of ZCTA
counts were not mutually exclusive among social factors.

The mapswere created using the computed social scorefor each
ZCTA, as well as data on 2019 and 2020 telemedicine visits,
and COVID-19 cases, aggregated to ZCTAs. For reference,
urban centersthroughout the state are label ed on the 2019 visits
map. We used dot plot graphs to represent the number of visits
coming from zip codes tagged with each of the listed social
factors, tagged with no social factors, and the overall visit counts
for each year for reference. Factors were sorted by the overall
frequency of visits across both years.

Descriptive statistics, visualizations, and statistical tests were
all performed in R (R Foundation for Statistical Computing)
using ggplot2, version 4.0.2., and the maps were created using
ArcGIS Pro 2.6.0 (Esri; July 28, 2020) and Illustrator 2020
24.3.0 (AdobeInc; August 1, 2020). We primarily analyzed the
data through descriptive tables and visualizations.
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Results

Of 584 tele—urgent care visits, 388 (66.4%) visits occurred in
2020 during the pandemic compared to 196 (33.6%) visitsin
2019. Over half of the patients were male (112/196, 57%) in
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2019, versusin 2020 when over half of the patientswerefemale
(202/388, 52%). For both years, the majority of patients reported
having health insurance coverage. There was a larger gap
between insured and uninsured patientsin 2020, such that there
were 265 (68%) insured patients and 123 (32%) uninsured
patients (Table 1).

Table 1. Patient characteristics of tele-urgent care visits between March 1 and September 30, 2019 and 2020.

Variables 2019 visits (n=196), n (%) 2020 visits (n=388), n (%)  Ratio of increase Total (N=584), n (%)
Gender
Male 112 (57.1) 183 (47.2) 1.63 295 (50.5)
Female 84 (42.9) 202 (52.1) 24 286 (49.0)
Nonbinary 0(0.0) 3(0.8) 3 3(0.5)
I nsurance cover age
Insured 108 (55.1) 265 (68.3) 2.45 373(63.9)
Uninsured 88 (44.9) 123(31.7) 1.39 211 (36.1)

The line graph in Figure 1 shows the tele-urgent care use over
time broken up by social flag categories. Most of the groups
show a clear increase in visits in 2020 compared to 2019. The
pattern of visitsover time (apeak in March followed by variable
but generally lower visit countsin April through August) were
not remarkably different between the time periods.

This line graph shows the percentage of the total visits across
theMarch to August time frame within the overall telemedicine
population and broken down into the zip codes with and without
social factors identified. The year 2019 shows more variation
around the overal trend, reflecting a year not driven by
COVID-19 and the smaller overall number of visits.

Visitsfrom 2019 and 2020 were al so compared geographically.
Figure 2 comparesthe number of tele-urgent carevisitsin each
year against the social deprivation score for each zip code.
Overdll, there was an increase in visits in 2020, with much of

the increase occurring in the central part of the state
(Raleigh-Durham—Cary), an areawith high population density
with large medical centers. The areas colored in light gray
demonstrate the ZCTAswith low socia factors, whilethe areas
colored in dark green represent areas with high social factors.

The number of tele—urgent care visits doubled in 2020 (n=317)
compared to 2019 (n=155). In addition, the distribution of the
visits covered more geographic locations in North Carolina
compared to the visits in 2019 that were primarily around the
Durham-Raleigh area (Figure 3A and B). The northern and
southern part of the North Carolinainclude zip codeswith higher
social flag scores, which indicates areas of higher social
vulnerability (Figure 3C). The same regions with a high social
flag score al so experienced high rates of COVID-19—confirmed
cases, which presents a challenge to an already vulnerable
population (Figure 3D).

Figure 1. Line graph presenting pediatrics tele-urgent care visits falling under each social flag during 2019 and 2020.
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Figure 2. Bivariate choropleth map comparing the number of visits per 10,000 residents younger than 17 years against social flag scores. Figure
produced using ArcGIS Pro 2.6.0 (July 28, 2020) and Illustrator 2020 24.3.0 (August 1, 2020)
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Figure 3. (A) Map of the tele-urgent care pediatric visits in 2019, (B) the tele-urgent care pediatric visits in 2020, (C) the categorization of North
Carolina zip codes based on socia vulnerability factors, (D) map of North Carolinawith COVID-19—confirmed cases in 2020 by zip code.
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Table 2 shows that relatively more visits came from zip codes
with lower social deprivation scores during the COVID-19time
period, even though the raw number of visits from high
deprivation zip codes did increase. Using a Pearson chi-square
test, we rejected the null hypothesis of independence between
the COVID-19 time period and deprivation grouping at the 0.05
level with a P value of .04. Therefore, there was a significant
association between the rate of COVID-19 cases and the
concentration level of socia factorsin agiven ZCTA.
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Among 808 North Carolina zip codes, 181 (22%) consisted of
a high concentration of vulnerable populations, where 17.7%
(56/317) of the tele-urgent care visits originated from. The
majority (215/317, 67.8%) of tele-urgent care visits originated
from zip codes with a low concentration of vulnerable
populations. Areas of high concentration of vulnerable
populations experienced the highest rates of COVID-19 cases
(214.8) and deaths (4.1) per 10,000.

Table 2. The use of tele-urgent care services among low, medium, and high regions of social vulnerability between March 1 and September 30, 2019

and 2020.
Socid flag Zip Telehedthvisits ~ Telehedthvisits  Telehedthvisits  Telehealthvisits  COVID-19-con-  COVID-19
score codes,n  Mar-Aug 2019,n  per 10,000 Mar- Mar-Aug 2020, n  per 10,000 Mar- firmed cases per deaths per
(%) Aug 2019, n (%) Aug 2020, n 10,000, n 10,000, n
Low (0-1) 417 93 (60) 0.71 215 (67.8) 1.64 138.2 20
Medium (2-3) 210 19 (12.3) 0.4 46 (14.5) 0.98 175.6 2.8
High (4-7) 181 43(27.7) 0.9 56 (17.7) 118 214.8 41
Total 808 155 0.69 317 14 161.4 2.6
Discussion health insurance coverage compared to pre-COVID-19. Most

Principal Findings

We conducted a cross-sectional study of pediatrics tele-urgent
care visits before and after the COVID-19 pandemic among
vulnerable populations. We found that the volume of tele—urgent
care visits for pediatrics doubled after the pandemic when
compared to the year before, which can be explained by the
shutdown of health care systems during theinitial phases of the
COVID-19 pandemic. Post—-COVID-19, therewas asubstantial
shift in patient characteristics seeking tele-urgent care for
pediatrics such that there were more women and patients with

https://pediatrics,jmir.org/2021/3/e25873

RenderX

of the postpandemic visits originated from the metropolitan
Raleigh region. This could be explained by severa reasons
including the shutdown of in-person nonessential visits during
theinitial phases of the pandemic. In addition, there were strict
COVID-19 social gathering restrictions, and many schools
transitioned to virtual classrooms.

Post—COVID-19, we reported an overall substantial increasein
pediatric tele-urgent care visits. Regions characterized with
high poverty and high concentration of African American people
encountered the highest increase in visits among all examined
social factors. The high demand among these communities
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demonstrates high disparities for tele-urgent care use for
pediatrics care during the pandemic. We recommend future
exploration of current infrastructure and culture to adopting
tele—urgent care such that patientsliving in areas of high poverty
may not have access to tele-urgent care equipment or internet
access, which may hinder the adoption of tele-urgent care
among vulnerable populations. Therefore, offering video and
telephone visit options to vulnerable popul ations may improve
adoption and use levels of tele-urgent care.

Telehealth provides a convenient delivery method of health care
for pediatric patients; however, the impact of tele-urgent care
on patient outcomes remains unknown. We recommend future
investigation of the effect of tele-urgent care on emergency
department visits and urgent care clinic visits. Moreover,
prescription rates were found to be different between video and
telephone visits [16]. We recommend more investigations
around medication prescription rates in tele—urgent care visits
compared to in-person visits for pediatric care.

There appears to be a relationship between social flags and
change in tele-urgent care visits between 2019 and 2020.
Although asizeable minority of tele—urgent carevisits occurred
in regions with high concentrations of vulnerable populations,
the majority of tele—urgent care visits occurred in zip codeswith
low concentrations of vulnerabl e populations. Post—COV1D-19,
the volume of tele-urgent care visits in regions with a high
concentration of vulnerable popul ationswaslesswhen compared
to pre-COVID-19. Although thereason for such adrop invisits
isunclear, it is possible that loss of employment and new local
tele—urgent care clinics may have attributed to the decrease in
visits. In addition, it is possible that during the pandemic newly
established tele-urgent care services available through local
clinics and primary care providers were preferred by patients.

Post—COVID-19, there were two spikes in the volume of
tele-urgent care visits in March and July 2020 among most
vulnerable population groups compared to two spikes in 2019
in March and April. The post—-COVID-19 increase may be
associated with the sudden shutdown of in-person appointments
across the statein March 2020 in response to the World Health
Organization announcing COVID-19 asaglobal pandemic[17].
Another explanation to the spikes in the month of March could
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be associated with theinfluenza and allergy seasons, which may
explain the spike in both 2019 and 2020. In addition, the end
of the school year coupled with the national holiday the Fourth
of July may have attributed to theincreasein visit volume during
the month of July. Telehealth can be a suitable intervention to
manage chronic care conditions within pediatric patients who
may lack access during a pandemic due to the shutdown of
schools and clinics [18].

Telehealth use in pediatric care has shown major increase in
use during the pandemic. In the future, telehealth may be a
suitable health care delivery modality that complementsin-office
pediatric visitsfor established patients. Although telehealth use
has increased during the pandemic, there remains unanswered
guestions around the effectiveness of telehealth in pediatric care
and the quality of care [19]. We recommend the integration of
geospatial technologies to evaluate access factors such as
broadband access, clinical effectiveness, medication prescription
rates, and the acceptance of telehealth among pediatric patients
and providers.

Limitations

This study has several limitations. Although the tele-urgent
care datais statewide, it represents asingle virtual care center.
The patient demographic form did not include ethnic or racial
information, which limited our ability to map patient-level ethnic
data to zip code-level ethnic data. In the future, patient
demographic forms will include ethnic and racial fields. The
comparison of 2019 and 2020 data may include confounding
factors including the effect of marketing campaigns and word
of mouth in increasing the volume of tele-urgent care visits.

Conclusion

The use of tele-urgent care visits for pediatric care doubled
during the COVID-19 pandemic. Themajority of thetele-urgent
carevisitsafter COVID-19 originated from regionswherethere
is alow presence of vulnerable populations. In addition, our
geospatial analysis found that geographic regions with a high
concentration of vulnerable populations had a significantly
higher rate of COVID-19—confirmed cases and deaths compared
to regions with alow concentration of vulnerable populations.
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Abstract

Background: The early language environment isimportant for language development and a child’s life-course trgjectory. Risk
factors associated with poor language devel opment outcomesin children include maternal anxiety and depression, low educational
attainment, substance misuse, and low socioeconomic status. Language Environment Analysis (LENA) is awearabl e technology
designed to promote caregivers engagement in supporting their children’s language development. LENA provides quantitative
linguistic feedback, which has been shown to improve caregiver language output, thus enhancing a child’slanguage environment.
Thereis limited research on the uptake of this technology by families with developmentally at-risk children.

Objective: Thisqualitative study aimsto explore the conditions under which motherswith children at risk of poor devel opmental
outcomes are willing to adopt the use of LENA to monitor and improve caregiver language output.

Methods: Using aqualitativeinterpretive design, semistructured, in-depth interviews were conducted with 8 mothers. Participants
wererecruited purposively to select the maximal variation of socioeconomic and ethnodemographic backgrounds. Thetranscribed
interview datawere analyzed thematically and interpretatively. Themes were mapped abductively to an extended Unified Theory
of Acceptance and Use of Technology, which included contextual factors for LENA acceptance.

Results: Factorsthat influenced the intention to use LENA included both technol ogy-specific acceptance factors and contextual
factors. Technology acceptance themes included reassurance, feeling overwhelmed, and trust. These themes were mapped to
performance expectancy, effort expectancy, and social influence. Contextual themesincluded emergent success and the intrusion
of past difficulties. These were mapped to parenting self-efficacy and perceived risk. The theme of building on success described
behavioral intention. Mothers were more likely to adopt LENA when the technology was viewed as acceptable, and this was
influenced by parenting self-efficacy and perceived risk.

Conclusions: LENA isatechnology that is acceptable to mothers with children who are at risk of poor language devel opment
outcomes. Further studies are needed to establish LENA’s effectiveness as an adjunct to strategiesto enrich achild’s early language
environment.

(JMIR Pediatr Parent 2021;4(3):€27049) doi:10.2196/27049
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Introduction

Background

Given the importance of language skills at school entry,
successful language development in early childhood is
foundational. Parental engagement in language activities has
been shown to improve language development and optimize
school readiness [1]. The communication environment is
reported to be amore dominant predictor of early language than
social background [2]. Hoff [3] found that the effect of
socioeconomic status (SES) on language devel opment wasfully
mediated by maternal speech: “[The] critical role of early home
language environment as aroot cause of academic achievement
disparity between children from low and high socioeconomic
status homes is undeniable” A rich language environment is
considered foundational to early language devel opment and for
future academic performance [2,4,5].

Local research has shown that 1 in 5 Australian children start
school behind and are not ready to take advantage of learning
opportunities at school [6]. There is a snowball effect, with
children beginning school with delayed language being at greater
risk of school failure [7]. Early language is an important
precursor for development and is linked to literacy, cognitive
and educational outcomes, and economic opportunities [7,8].
In particular, early interventions aimed at enriching home
language environments and targeting early childhood
development are argued to reduce social and health inequities
across the life course [9,10] and ameliorate cumulative
disadvantage [11].

Multiple factors have been implicated in language devel opment.
In particular, barriersto parent-child interaction negatively affect
child language development [12]. These risk factors include
social disadvantage, parental mental health, and maternal drug
use[7,13-18].

The correlation between low SES (as defined by income level
and level of education) and poor outcomes has been linked to
the quantity and quality of language that a child is exposed to
in their home environment [11,19,20]. SES is also a predictor
of children’s school readiness and future academic achievement
[3,21,22]. Mothers with low SES backgrounds are more likely
to use more directives, use fewer open-ended questions, speak
inless complex sentences, and produce | ess speech and gesture.
Children from low SES homes often start kindergarten with
lower language and literacy skills than those from high SES
homes [23,24]. This disparity has been shown to persist
throughout school years and is predictive of lower high school
graduation rates and economic opportunities [25].

Parental mental health affects the interaction between children
and their caregivers. Maternal depression has a negative
influence on children's language development [26,27]. A
mother’sengagement in their child'slearning can be undermined
by maternal depression, as mothers experiencing more stress
and depression spesk less to their children [13,28]. Depressed
mothers are less sensitively attuned to their children and tend
to be less emotionally responsive and less contingent [12,29].
Maternal depression and anxiety are independently associated
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with language delay [15]. Materna psychological distressduring
the perinatal period is negatively associated with language
outcomes[10]. Paterna depression has been linked to expressive
vocabulary development through reduced parent-to-child reading
[30].

Children who are exposed to continuing parental drug use are
at risk of developmental delay [17]. Drug abuseis characterized
as a chronic relapsing disease [31]. Maternal drug use affects
mother-child behavior and the ability to provide a consistent
and nurturing environment [32]. A review of studies has shown
that prenatal exposure to cocaine is associated with language
deficits[18].

A richlanguage environment, particularly through child-directed
speech and adult-child conversations, is positively associated
with language development. Infants with more child-directed
speech show faster language processing speed and larger
vocabularies [33,34]. Conversational turns between children
and adults are essential for language development [35].

One approach to supporting early language is through a parent
intervention targeted at enriching the home language
environment by increasing child-directed speech and contingent
responses [14]. Language interventions are often directed at
parents as the primary contributorsto their children’slanguage
environment. A meta-analysis of 18 studies showed that
parent-implemented language interventions can improve
language skillsin children aged between 18 and 60 months [36].
The most common focus of these interventions was directed at
“what the parents say and how much the parents say” [36].
However, adults are generally rarely conscious of the quantity
of talk provided to children and frequently overestimate the
amount they talk with their children [37]. Studies have
demonstrated that caregiver language output can be increased
by providing feedback on the linguistic environment, thus
enhancing the child’slanguage environment [ 37,38]. Therefore,
having a tool to measure the linguistic environment and
providing feedback over time may complement and enhance
parent-implemented language interventions and support
caregivers in improving the home language environment.

Language Environment Analysis

Language Environment Analysis (LENA) provides quantitative
feedback on the home language environment and has been
likened to a“linguistic pedometer” [37]. LENA is awearable,
digital recording device and software package. The small
recording device is worn in the front pocket of specially
designed clothing. The recordings are then processed by the
LENA software to generate frequency counts of the number of
words a child is exposed to, the number of vocalizations the
child produces, and the number of conversational turnsthe child
takes with an adult for up to 16 hours. LENA also produces
data about the environment, including el ectronic media, distant
speech, background noise, and silence. The LENA-generated
feedback can be used to identify patternsin communication that
can be discussed during feedback sessions. Total daily counts
can be used to monitor progress and set goals much like a
pedometer encouragesthe user to increase their step count. With
the clinician, LENA feedback can be used as a basis for
discussing ways to improve the language environment. As the
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software algorithm i dentifies speech sounds, LENA can be used
with non—-English-speaking families. LENA has been validated
in several languages, including Mandarin, Swedish, Spanish,
and French [33,39-41]. Like apedometer, LENA assists parents
to see the language environment they provide for their child,
understand their role in this, and reinforce positive behavioral
change.

LENA has been shown to influence adult language behavior
and thus improve a child’'s home language environment.
Intervention, including weekly feedback with LENA results,
showed a significant and prolonged increase in caregiver
language output [37]. This leads to improvements in a child’'s
language environment. A randomized controlled pilot study for
families with low SES using LENA in combination with an
intervention curriculum showed significant but short-term
increasesin both parent language interactionswith their children
and child language outcomes. These outcomes included
increases in daily adult word count, conversational turn count,
and number of child vocalizations [42]. Internationally, other
parent-led language intervention programs based on LENA in
the United States include the Thirty Million Words Initiative
[43] and Providence Talks [44] and Talking Matters in New
Zedland [45].

Unified Theory of Acceptance and Use of Technology

Successful implementation of LENA technology is determined
by its acceptability to parents with children who are
developmentally at risk. Unified theory of acceptance and use
of technology (UTAUT) is a simplified theory that explains
user acceptance and the use of technology. In this model,
technol ogy acceptance predictsitsuse[46]. Behaviora intention
or acceptability is predicted by three antecedents. (1)
performance expectancy, which is “the degree to which an
individual believes that the system helps improve job
performance,” (2) effort expectancy, which isthe system’s ease

Table 1. Risk factor distribution (n=8).
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of use, and (3) social influence, which is the “degree to which
an individual perceives that important others believe he or she
should usethe new system” [47]. Various extensions have been
made to UTAUT, including the addition of contextual factors
[48]. Important contextual factors specific to LENA use by
mothers with children who are at risk of poor language
development outcomes include perceived risk and parenting
self-efficacy. Perceived risk with technology increasingly
includes concerns about privacy problems [49]. LENA is a
recording devicethat carries an associated privacy risk. Second,
parenting self-efficacy is commonly considered in parenting
intervention programs [50]. Parenting self-efficacy refers to
parents assessment of their ability or effectiveness to
successfully perform the parenting role and isa social learning
theory component [51]. Task-specific parenting self-efficacy
refers to a single parenting domain, such as, in this instance,
communication [52].

Thereisno published information on the acceptability of LENA
for Australian families whose children are at risk of poor
language outcomes. This is in comparison with the United
States, where LENA is used more extensively in trials for
familiesliving in areas of disadvantage [42,53]. Understanding
thefactorsthat influence the acceptability of LENA for children
with devel opmental riskswill help improve technology uptake.

Methods

Recruitment

Participants were identified as mothers with a child aged
between 1 and 30 months, with at least 1 risk factor for poor
child developmental outcomes. These included a history of or
current mental health disorders or problems, major stressorsin
the perinatal period, substance misuse, government benefit, and
education lessthan Year 12 level (Table 1).

Number of risk factors®

Participants, n (%)

1

2
3
4

2(25)
1(13)
3(39)
2 (25)

8Risk factors defined as current or history of maternal mental health problems, perinatal major stressors, substance misuse, maternal education less than

Year 12, and low household income.

Participants were recruited purposively using maximal variation
sampling to ensure a mix of socioeconomic and
ethnodemographic backgrounds. See Participant Characteristics
below that further describes this broad distribution. Mothers
were recruited widely from those attending a variety of child
and family health services for vulnerable families. These
included parenting groups run by drug and acohol services,
child and family nursing home visiting programs, and
community pediatrics clinics for children at risk. A participant
information sheet describing the study was given to the
coordinator of each of these services, outlining the study and
eligibility criteria. All mothers were invited through a third
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person, such as the coordinator of a playgroup, to prevent
coercion. All mothers were provided with a participant
information sheet that included the requirements and purpose
of the study. Participation was voluntary. There was no
relationship between the researcher and recruited mothers.

Each participant was asked to make 2 full-day recordings (16
hours each) and to keep arecord of the day’s activitiesto support
feedback. After each recording, the motherswere provided with
anindividual LENA linguistic feedback report. The researcher
assisted the mothers’ understanding of the results and supported
goal setting for the second recording. LENA feedback reports
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included graphs of hourly word counts, including adult words,
child vocalizations, conversational turns, and representation of
the audio environment. A summary of the total daily word
counts comparing the first and second recordings was aso
provided after the second recording. Percentile ranks were not
provided, as Australian normswere not available. Thediscussion
of the results formed the basis of the postrecording interviews.
A total of 8 mothers were recruited, of which 6 were able to
complete 2 recordings. One mother withdrew from the study
because of relapse of amental health condition. Another mother
was unable to complete the recording as the clothing was not
large enough for her child.

Participant Characteristics

The 8 participating motherswere aged between 24 and 40 years
(mean age 33.4 years). Of these 8 mothers, 2 (25%) were of
non—English-speaking backgrounds, 1 (13%) had an Aboriginal
background, 5 (63%) reported having either nil income or
received government benefits, 2 (25%) reported a household
income between Aus $1000 (US $734.50) and Aus $2000 (US
$1469) per week, and 1 (13%) reported a household income of
greater than Aus $2000 (US $1469) per week. Furthermore,
50% (4/8) of the mothers had an education level lessthan Year
12, 38% (3/8) completed high school or a diploma, 13% (1/8)
had a bachelor’s degree, and 75% (6/8) of mothers reported a
history of or current mental health problems. The number of
risk factors for each mother is documented in Table 1.
Participating children’s ages were relatively evenly distributed
in 6-month bands from 0 to 30 months (mean age 14 months).
There was an even distribution of child gender. Of the 8
children, 5 (63%) lived with 2 adult parents at home. One child
also had grandparents involved in their care, but they did not
live in the same household.

Data Collection

A basic qualitative interpretive design was chosen to understand
the mothers' perceptions of LENA. In-depth interviews were
chosen to exploreindividual perceptions of the use of the device.
Theresearcher sought to understand how mothersinterpret their
experience of using LENA and understand the characteristics
and patterns of mothers’ use of LENA. In particul ar, we gathered
insights from mothers with identified risk factors for
developmental vulnerability and poor child language outcomes.
Interviews were semistructured and conducted face to face
before, during, and after the use of LENA to assess acceptability
from different temporal perspectives. An interview guide was
also used. Theinterview guide covers three main areas. These
were mothers’ impressions of LENA, difficulties encountered
with recording, and likelihood of using LENA inthelong term.
In-depth interviews were conducted by the researcher at the
location of the participant’s choice. Often, this was at the play
group or community health center; sometimes, it was in their
home. Each in-depth interview lasted between half an hour and
1 hour, and each mother was interviewed on 4 separate
occasions: before the first recording, after the first recording,
before the second recording, and after the second recording. As
each participant wasinterviewed multipletimes, data saturation
for each participant was achieved. Where English was not the
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participant’s main language, interviews were conducted with
the help of an interpreter. Field notes were also recorded.

Audio-recorded interviews were transcribed unless the
participant disagreed with the recording. One mother disagreed
with the interview recordings. Notes were instead handwritten
during these interviews. Participants were allocated codes and
names deidentified in the transcript to maintain their anonymity.
Observational notes were also recorded in ajournal.

Data Analysis

Overview

Data were analyzed using thematic analysis and constant
comparison. Transcriptswere manually coded using aninductive
approach. Each transcript was analyzed individually to identify
the thematic statements. Data were analyzed by the first author
and reviewed by the second author. As themes emerged, these
were checked against the original transcriptsand previous codes.
Emerging themes were explored by the participants during
sequentia interviews. Successive readingsled to the emergence
of more focused themes. Thematic statements were clustered
and checked against the original transcripts. Each cluster was
analyzed to determineits essential meaning. From these clusters,
major themes were generated that incorporated themes for all
participants. Field notes contained a critical examination of
ideas that emerged as the research progressed and the
researcher’sreflectionsand insights. A parallel literature review
of technology acceptanceidentified extended modelsof UTAUT
as helpful to understanding factors influencing the likelihood
of technology use. Themes generated inductively were mapped
to an extended UTAUT model using an abductive approach.
Rigor

Transcripts and their recordings were reviewed to ensure the
accuracy of the written text used in the analysis. To examine
internal coherence, emergent themes were compared for
consistency with the data. Two researchers coded portions of
the same transcript to establish intercoder reliability. The
differences and similarities in codes were then discussed.
Themes were discussed by the first author and second author
and reviewed with an expert mentor. An audit trail was
maintai ned, which consisted of adiary to record the researcher’s
theoretical choices, decision-making, and conclusions drawn.

Reflexivity

The researcher has a medical background with an interest in
child development. LENA appears to be a helpful intervention
for stimulating child-directed language in the home environment.
LENA has been used in populations in the United States, with
childrenwho are at risk for poor developmental outcomeswith
positive short-term outcomes. No such published research has
been conducted in Australia. The researcher is interested in
identifying the conditions under which mothers with children
who are at risk of poor developmental outcomes are likely to
adopt LENA. This will help in identifying future caregivers
who are willing to draw on the capacities of LENA to improve
caregiver language output and enhance their child's language
environment.
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Results

Overview

Thematic analysis revedled technology-related and
context-related themes that impact mothers acceptance of
LENA. Figure 1 shows these themes within an extended
UTAUT model. Within technology acceptance factors, themes
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of reassurance, feeling overwhelmed, and trust mapped to
performance expectancy, effort expectancy, and socia influence.
Within contextual factors, themes of emergent success and
intrusion of past difficulty were mapped to parenting
self-efficacy and perceived risk. The theme of building on
success best described the behavioral intention or acceptability
of LENA.

Figurel. An extended unified theory of acceptance and use of technology model for Language Environment Analysis acceptability.

Contextual factors ‘
- N Technology acceptance factors
|
Parg;\é::r;gc;elf— —_— ( Performance expectancy
Reassurance |
Emergent success \
- < Behavioral intent
. S/ Effort expectancy | Building on
Vs ~ Feeling overwhelmed success
|
Perceived risk ( )
] —_— Social influence ||
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difficulty | Trust ) \
‘\\\ ‘. '/ ),...: |

Contextual Factor Themes

Emergent Success and Parenting Self-Efficacy

The theme of emergent success was mapped to parenting
self-efficacy. Parenting self-efficacy describes a parent’'s
assessment of their ability or effectiveness in successfully
performing the parenting role. Those motherswho demonstrated
emerging confidence in their parenting were interested in
exploring how LENA could improve their communication with
their child. They had a sense of positivity and demonstrated
building upon previous success:

I think when you are feeling good about yourself, you,
you manage to sort of come from rock bottom. You
are not as wulnerable. Basically, you've got your
confidence back, you feel confident that you know
you' ve already done some good thingsin getting, you
know, communication with the child back and you
are building upon that. You are feeling positive and
you've got that momentum going forward in the
direction that you want. You' ve turned it around and
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now you feel like, “ Okay well now I’ m doing so well,
| can, let’s capitaliseon thisand do it [LENA] . [P5]

Motherswith abackground of mental health issues, particularly
anxiety and depression, experienced periods of low parenting
self-efficacy. Being recorded was associated with theimpression
of being judged. Some mothers expressed anticipatory concern
that feedback could be critical and reveal flawsin parent-child
interactions:

Because in my headspace | thought | was doing
everything wrong and | [would have] thought, “ Oh,
thisisjust another way for someone to find out what
I’mdoing wrong” [P5]
One mother expressed confidencein her parenting self-efficacy
based on previous experience. She felt that she was able to
assess the development of her child better without the need for
technology:

My child’s condition, | can see it. He is making his
own progress. | don't know if it [LENA] helps. | have
two other children and from previous experience |
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never needed it [LENA]...I don’t need the information
to monitor his progress. [P3]

Intrusion of Past Difficulty and Perceived Risk

The theme of intrusion of past difficulty was mapped to
perceived risk. Perceived risk with technology commonly
includes concerns about privacy problems[49]. Past difficulties
impacted mothers' experience of using LENA. Some mothers
described issues involving child protection agencies,
incarceration, mental health difficulties, and drug rehabilitation.
There was a perceived risk associated with the recording.

For 2 mothers, the recording device carried a stigma of being
spied on, and concernswere expressed about theloss of privacy
and tampering with recorded information. Therecording device
was sometimes considered suspicious by others. Concerns
relating to child protection and domestic violence were aso
raised:

But — “Oh, watch out! She's wired!” — muck

around...| tried to point it [LENA] out...but none of

them would listen, so | just thought pfft. If you's are

so weird about me recording her or her recording me

and her, and then yeah. And they didn’t answer, so |

just walked out. [P2]

Technology Acceptance Factors

Reassurance and Performance Expectancy

The theme of reassurance was mapped to performance
expectancy. Performance expectancy describes the perceived
usefulness of technology [47]. All mothers, except one,
expressed anxiety about their communication ability.
Commonly, these motherswereinterested in receiving feedback
on their interaction with their child and sought reassurance about
the efficacy of their communication with their child:

Um, I’mjust hoping to see how much | can improve

to help [child’s name], like I’d like to know, cause |

can't really, sounds silly, but | can't really hear

myself, | don’t know. You know, | want to know how

much I’ mputting into making him speak, so whatever

| could improve to help [ child’s name], that’s what |

want to do. [P7]

Was | talking enough? [P2]
Mothers were often concerned about their child’s development
and perceived their child to be at risk of poor language
development. This could be in the context of the child's
pre-existing medical problems, such as neonatal withdrawal,
behavioral difficulties in the child, or a family history of
developmental issues such as language delay. These mothers
felt that LENA was useful in improving their child's
communication. However, for 1 family, the experience of LENA
represented a deficit model, which was incompatible with their
strong focus on positive health and well-being. The LENA
system was seen to focus on potential issues:

| don’t want to predict [language difficulties]. | don’t
want that trouble...My husband asked me, ‘Why
worry? His problems have all gone now and the
doctor said he will be normal.! He does not think he
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needstherecording, heisnot concerned and believes
hewill pick up [language] as he grows up. [P3]

Feeling Overwhelmed and Effort Expectancy

The theme of feeling overwhelmed was mapped to effort
expectancy. Effort expectancy describes the ease of use of
technology [47]. Not all mothers were in a position to be able
to take on the additional demands required to participate. For
example, 1 mother experienced a relapse and withdrew from
the study. Others expressed interest but declined because of
other commitments. Rescheduling appointments was common
where recordings were not completed before the next review.

Ontherecording day, some mothersfound it difficult to balance
competing demands. These demandswere not always avoidable
or predictable. These included teething, illness, and unsettled
behavior in children. Sometimes, the needs of asibling led to
reduced interaction with the child being recorded: “We weren’t
having a good day, he was in such a state and | know, there’'s
no point putting it [LENA] on” [P1].

Trust and Social Influence

The theme of trust was mapped to social influence. Socia
influence is the “degree to which an individual perceives that
important others believe he or she should use the new system”
[48]. Mothers experienced various difficulties, including mental
health issues, addiction, child medical health problems, and
relational breakdown. Some mothers reflected on parenting
issues such as being unavailableto their children both physically
and emotionally, uncertainty in how to parent, and not
identifying medical and developmental issues early enough.

Despite these difficulties, several mothers described a continuing
process of coming out of these difficulties, often through the
help of a caseworker or health professional. Building upon a
trusted professional relationship was important to 4 of the
mothers. The casaworker or trusted professional was seen as a
bridge to the introduction of LENA:

Because | know that umm [ caseworker’s] interested
in [child's] progress and my progress, umm and
would only recommend something that was beneficial
to both of us. Umm whereas if anyone else sort of,
you'd be like, “ Oh.” And because she knew by being
in the home...what was going on specifically, so she
thought that potentially that [LENA] could be umm
helpful, but yeah with someone else, you'd just be
like, “ Oh okay.” [P5]
Participants were more likely to trust and use the technology
when they were positively influenced by atrusted professional:

If it wasn't safe my caseworker wouldn't let me do it,
that's why | give everything to her, run it by her
first...she knows what's happening and if it's good
for me and baby. [P2]

Building on Success and Behavioral | ntention

The theme of building on success was mapped to behavioral
intention. Behavioral intention has been defined as“the degree
to which a person has formulated conscious plans regarding
whether to perform a specified future behavior” [49]. Positive
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results were comforting for some mothers who regarded their
results with pride and satisfaction. Several mothers valued
results as avalidation of their self-efficacy:

| like the fact that | know that she's communicating
back and I'm communicating to her and it just
reassures me that I’ m doing the right thing, yeah, so
it's good to know...It makes me feel good and yeah,
happy that I’ m doing something right. [P4]
Successin achieving agood word count motivated some mothers
to do more with their children: “So, seeing the results would
probably make me want to do it more and moreto seeif | can
get it up to that level” [P2]. However, not all parents found the
goal of aword count as motivational:

See, I'm still bogged down in all of that sort of stuff
rather than, “ Oh yay, | haven’t got my word count.”
| couldn’t carelessif | got the** word count in. [P5]

Discussion

Principal Findings

This is the first Australian study to describe the factors that
influence the acceptance of LENA for motherswith children at
risk of experiencing delayed language devel opment. Theresults
of this study are relevant to understanding the acceptability of
the LENA system for developmentally at-risk children in
Australia. The findings may be used to develop interventions
and foster conditions that aim to improve early language
development. The findings of this study can help increase the
likelihood that mothers with at-risk children will use LENA to
improve their language output and enhance their children’s
language environment.

The UTAUT model isawell-established, statistically validated
model that describes the conditions that influence behavioral
intention and use of technology [48]. This study developed an
extended UTAUT model to represent technol ogy-specific and
context-specific factors that influence the acceptance of LENA
by mothers with children at risk of poor developmental
outcomes. Contextua factors were as important as specific
technology factors for acceptance of LENA. A mother's
experience of using LENA was highly influenced by her
individual circumstances. These contextua factors were
represented by themes of emerging success and the intrusion
of past difficulty. Emerging success was considered to be
encompassed by the condition of parenting self-efficacy.
Parenting self-efficacy was interwoven with the acceptability
of LENA and influenced the appraisal of the technology.
Mothers with emerging success found satisfaction with their
results. These mothers had some anxiety about their
communication self-efficacy and expected LENA to help them
improve their communication with their children. However,
very low or high parenting self-efficacy appeared to negatively
influence the performance expectation of the technology and
reduced the likelihood of LENA acceptance. For one mother,
the condition of low parenting self-efficacy led to theimpression
that LENA was an additional burden. High parenting
self-efficacy was also negatively correlated with acceptability.
For 1 mother who felt confident in her parenting ability, LENA
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was not expected to provide any beneficial new information,
and she expressed low interest in ongoing use.

This study also revealed other contextual factors that hindered
acceptability. The intrusion of past difficulty was mapped to
perceived risk. These were seen as negative past experiences
for mothers, which led to the perception that LENA was being
used to monitor the mother rather than help the child. Thisis
consistent with the research by Allen et al [54], that identified
issues of intrusion and recording privacy.

Technology acceptance factors helped explain the conditions
that influence the acceptability of LENA. Thesefactorsinclude
perceived usefulness, ease of use, and socia influence. The
theme of reassurance was mapped to performance expectancy.
Mothers showed increased interest in LENA when they
perceived that the technology provided useful feedback on their
communication. However, some aspects of LENA resultswere
not reassuring and may sometimes place a parent at risk of
exposing their child’s language difficulties.

Thetheme of feeling overwhelmed described effort expectancy.
Overall, mothers described LENA as easy to use and clothing
as appealing. They felt that the recording process was natural,
and most mothers forgot that they were being recorded.
However, contextual difficulties negatively influence the effort
expectancy. Increased demands, often in the context of high
levels of stress, impacted usability with mothers waiting for
ideal recording conditions.

Social influence, as represented by the theme of trust, is an
important acceptance factor. Building on atrusted professional
relationship improved the acceptance of LENA. This is in
agreement with aUK study looking at the acceptability of LENA
by parents of young deaf children, which reported the
importance of establishing trust through a known professional
[54].

Experiencing cumulative success improves the acceptability of
LENA. LENA provides short-term goals, such as word count
goals, and assists mothers' motivation and confidence as they
experience small successes. This may be especially important
for mothers to improve their communication self-efficacy.
Feedback received from LENA can support parents to persist
in improving their child’'s language environment. Bandura
described the powerful influence of the ability to master atask
[51]. Motherswho saw evidence of reciprocal conversation felt
motivated to increase this. Satisfaction with reports and
experiencing cumulative success improves the acceptability of
LENA. Conversely, there is a risk of repeated nonmastery
demotivating parents and becoming another way to demonstrate
what they are doing wrong.

LENA was positively perceived by most mothers, with 83%
(5/6) of mothers who were able to complete atrial of LENA
expressing aninterest in continued use. Mothersfelt that LENA
was beneficial for their children and found feedback useful in
increasing awareness of the home language environment,
improving confidence in their interactions with their child, and
providing reassurance about their child’slanguage devel opment.

Although mothers valued feedback, the researcher observed the
need to interpret the results. Presentation of graphical
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information in bar charts with word counts throughout the day
was not always readily accessible to participants. It failed to
answer the question, Was | talking enough? This finding is
consistent with observations by Allen et a [54], which
emphasized the need for clinician interpretation of results. Other
pilot studies have incorporated individual feedback provided
by research assistantsto help caregivers understand their specific
results[37,55]. Clinicians need to add value to theinterpretation
of results.

Limitations

Emphasis in this study was placed on understanding the
experience of an individual mother’suse of LENA with children
at risk of poor developmental outcomes in central and inner
west Sydney. The study was able to sample from a wide
ethnodemographic population, asthe software can be used with
linguistically diverse families. The results are informative but
not necessarily generalizable because of the small sample size.

The nature of the research was explorative, and thetrial duration
was not long enough to assess any improvements in child and
adult language measures. These results are informative for the
development of future interventions. These should include
regular outcome measures, including pre-, post-, and follow-up
intervention measures for children and adults to demonstrate
changes over time.

A full-day recording was chosen to reduce the Hawthor ne effect,
where individuals may modify their behavior in response to
knowingly being observed. However, for some mothers, this
likely contributed to mothers' feeling overwhelmed by requiring
recordings to be completed in a specific 16-hour period.

Fathers in 2-parent households were underrepresented in this
study. Their voices were expressed through their partners, but
they were not directly interviewed. Assessment of their
perspective is important, as their attitudes toward LENA also
influence the recording and acceptability of language
intervention. Allen et a [54] identified the importance of the
involvement of both parents, particularly in the beginning, to
establish understanding and consent.

Implications for Future Research

LENA is a linguistic technology that provides parents and
associated professionalswith information about achild’'shome
language environment. There are now published Australian
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norms of daily adult word count and child vocalizations [56].
The growth of expressive communication in the first 3.5 years
isvery similar to that in American children [57]. The positive
correlation identified in American research between adult word
count and child vocalization is presumed to be held in the
Australian context and isthe basis of quantitative feedback. On
an individual level, absolute word counts can be used to track
progress. There is a need for a simplified reporting system so
that parents can determine whether they are on target or not.
Having normed Australian dataintegrated into the LENA system
to show an individual level may help parents to better assess
their progress.

Further research is needed to determine how community-based
interventions can incorporate the use of LENA. Futureresearch
needs to measure pre- and postintervention language scores to
assess the effectiveness of LENA as a strategy for reversing
developmental risk in populations at risk for poor child
developmental outcomes. Trialswill benefit from incorporating
learning from this study, including strategies for supporting
parents. Thisincludes partnering with parentsthrough atrusting
clinician relationship and helping mothers build on their
parenting self-efficacy. Gauging mothers' acceptability of LENA
through trial use will help establish which mothers are both
ready and interested in using LENA long term. LENA is best
placed as an adjunct to a parent-delivered language program
and has been described asa strategy to increase the effectiveness
of behavioral interventions [37].

Conclusions

An extended UTAUT model was created specifically for the
use of LENA for children at risk of poor language devel opment.
Thismodel illustrates the underlying factors contributing to the
acceptability of LENA, including technology-specific and
contextual factors. Key findingsincluded an increased likelihood
of taking up LENA when (1) LENA isintroduced by atrusted
clinician, (2) LENA results are perceived as useful and
motivating to mothers, (3) mothers feel confident in achieving
communication goals, and (4) clinicians need to be mindful of
the perceived risk associated with recording technology.
Language enrichment interventions incorporating LENA may
increase parenting self-efficacy, and partnering with families
will likely improve technology acceptance and intervention
SUCCESS.
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