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Abstract

Background: African American youth (aged 8-14 years) do not adhere to national dietary and physical activity guidelines.
Nonadherence to these recommendations contributes to disproportionate rates of obesity compared with their white counterparts.
Culturally tailored electronic health (eHealth) solutions are needed to communicate nutrition and physical activity messages that
resonate with this target population.

Objective: Thisstudy aimed to identify the impact of exposure to awebsite hosting culturally tailored cartoons to inspire fruit
and vegetable uptake and physical activity levelsin African American mother-child dyads.

Methods: Statistical analysisincluded paired samplet tests to evaluate knowledge gains, self-efficacy, and readiness to change.
Adapted items from Prochaska's Stages of Change toward the following 4 behaviorswere assessed with pre- and posttest surveys:
(2) fruit and vegetable selection on my plate, (2) meal preparation, (3) fruit and vegetable selection outside of home, and (4)
physical activity. Open-ended comments on videos from mother-child dyads were used to determine user acceptance. Observations
of repeated responses during content analysis informed coding and development of key themes.

Results: A final sample size of 93 mother-child dyads completed the study. Mothers reported significant improvement from
precontempl ation or contempl ation stagesto preparation or action stagesfor (1) fruit and vegetabl e selection on her plate (P=.03),
(2) meal preparation for her family (P=.01), (3) fruit and vegetabl e selection outside the home (P<.001), and (4) physical activity
(P<.001). Significant improvements were found in knowledge, stage of change, and self-efficacy for the 4 target behaviors of
interest (P<.001). Children’s open-ended commentary reported vicarious learning and positive character identification with
brown-skinned cartoons exhibiting healthful food and exercise behaviors. Mothers commented on the lack of accessible produce
in their neighborhoods not depicted in the cartoon videos.

Conclusions: Culturally adapted cartoons that incorporate tailored preferences by African American families, such as race or
demography, may help increase adherence to target health behaviors when devel oping eHealth behavior solutions.

(JMIR Pediatr Parent 2019;2(1):€12501) doi:10.2196/12501
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Introduction

Background

Compared with their white counterparts (14%), African
American (22%) children and adol escents are disproportionately
affected by childhood obesity [1]. Poor adherence to the US
Dietary Guidelines and physical activity recommendations has
been consistently found to be major risk factors for obesity
among minority youth, particularly among adol escents aged 12
to 19 years [2-5]. In a nationally representative sample of
children and adolescents, black adolescentsweretheleast likely
to adhere to daily dietary targets of 5 or more servings of fruits
and vegetables and more than 1 hour of physical activity. Nearly
none (3%) of the children adhered to dietary fruit and vegetable
targets, whereas 71% met physical activity goals[5]. Given the
low adherence to dietary guidelines compared with physical
activity, thisstudy focused on 3 of the 4 target behaviorsaround
healthy eating behaviorsin African American youth.

Nonadherence to dietary recommendations can be attributed to
a lack of tailored interventions that address the contextual,
structural, and family environmentsthat influence food choi ces.
Inclusion of the family, especially the mother who generally
makes food purchasing decisions for the family, serve as a
crucial area to intervene to address food choice (proximally)
and obesity (distally). Customized framing of dietary messages
for mother and child aims to tailor messages that match the
receivers race, culture, ethnicity, demography, socioeconomics,
or other preferences [6]. Tailored messages aim to ensure they
are well received and accepted by the end user.

Programs that address multiple levels of the socioecological
model have led to the successful engagement of minority
communities [7]. This framework can be accounted for the
personalization of tailored messaging to black mothersand their
children. The levels of the socioecological model include
intrapersona (knowledge, attitudes, and beliefs), interpersonal
(family and friends), environmental (physical structuresin urban
design), community (neighborhood access and safety), and
policy levels (federal programs that affect food price, access,
and quality). At the environmental level, structural factors such
as limited access to healthy foods in one's neighborhood (ie,
food desserts for healthy foods or food swamps of fast-food
chains) presents the need for novel yet sustainable solutions to
increase healthier food choice (proximal outcomes) and inturn
reduce the high prevalence of obesity among African American
adolescents (distal outcomes) [8]. At the interpersonal level,
family influence plays an instrumental rolein food choices and
eating behaviors. Intrapersona factors are influenced by
education as well as messaging in one's surrounding
environment. Thus, family-based interventions targeting both
mother and child are needed to influence multiple levels of the
family structureto reinforce messaging of key health behaviors.

Healthy People 2020 health communication and heath
information technol ogy objectivesaimto increase the proportion
of social marketing in health promotion and health literacy
communications available through mediatechnology [9]. Nearly
75% of African American adults own a mobile phone device
[10], serving as an opportune channel for disseminating health
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messages. Culturally tailored dietary education provided via
digital media to mothers can effect wholesale change in a
family’s eating habits and food choice [11]. Tailored digital
solutions may lead to the adoption of obesity prevention
behaviorsin African American children and parents[12,13].

Objective

We argue that to optimize uptake and adherence to culturally
tailored electronic health (eHealth) nutrition and physical
activity messaging interventionsamong black youth, it iscritical
to embed family-based food preferences and their contextual
landscape that may spur self-referential thinking that resonates
with the viewer. Incorporating these preferences is crucial to
ensure receptiveness and behavior change [14]. Prior websites
and gaming interventions haveincreased 100% fruit juice intake,
vegetable consumption, and physical activity patterns and
reduced body weight in African American youth [15-17].
Behavioral interventionstargeting the African American mother
and child as afamily unit have not yet been explored.

This study aimed to assess the feasibility and acceptability of
a culturally tailored website hosting cartoons to increase
willingnessto increasefruit and vegetabl e sel ection and physical
activity among African American mother-child dyads.

Methods

Procedures

This study employed an observational study design. The
Web-based trial began with the website storyboard, an outline
of the digital story elements in awebsite [18]. Cartoons were
created using the GoAnimate platform. Character dialogue in
the scripts, developed and edited by health educators and
mothers, ensure preferences of website content. Storytelling
narrative via cartoon storyboards may be effective for
influencing diet and physical activity change in minority youth
[15-17]. Culturally appropriate cartoons, where health behaviors
are modeled in a virtual representation of the viewer's sdlf,
employ role modeling constructs from Bandura's Social
Cognitive Theory, which hasled to successful behavior change
in at-risk populations[19]. Thistheory served asthe theoretical
underpinning of this study and evidence-based approach for
adherence of the target behaviors.

Final videos were uploaded from GoAnimate to YouTube and
then onto the intervention website. The study setting was a
website portal that included an embedded link to the study
survey. Subjects were able to move freely from the study survey
to the new website portal (for exploring the website and
watching the 9 videos) and back to the survey to answer fina
guestions.

Website

Thewebsite portal included an open-accesswebsite with dietary
information and pictures following the US Department of
Agriculture's MyPlate guideline introduced under the former
First Lady, Michelle Obama. Moreover, 2-min cartoon videos
on the following 4 target behaviors were included: (1) food
choices for their plate, (2) meal preparation, (3) food choices
when outside of the home, and (4) physical activity. Cartoons
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were depicted in the grocery store, school, home, and
playground (see Multimedia Appendix 1 for a screenshot of
one of the cartoons). Storylines were told from the mother’s,
child’s, and teacher’s perspective. Scripts were developed by
health educators and finalized by the principal investigator.

Participants

Eligibility criteriaincluded being female, aged 25 years or older,
having at least a high school education, being the mother of a
child between the ages of 8to 14 years, and identified as African
American. One child per mother was permitted. Participants
were recruited via Web-based social media such as Facebook,
electronic mail distribution lists, and Web-based Mommy
blogger groups. The sampling frameincluded African American
mothers with children in the United States. Flyers were posted
at faith-based organi zations and community centers throughout
the New York City area. Participants were compensated with
an opportunity to win a US $300 prize, US $200 prize, or US
$100 Amazon gift card lottery prize. All study activities were
approved by the Teachers College Ingtitutional Review Board
in 2012. Data collection was conducted from January to April
2013.

M easures

Research measures and instruments included an open electronic
survey questionnaire via Qualtrics. The internal consistency of
survey items for mothers' global stage of change, knowledge,
self-efficacy, and evaluation of website for the 4 behaviors
before and after watching the 9 2-min cartoon-like videos was
.951 (Cronbach alpha), and .898 (Cronbach al pha), respectively.
Items were not randomized or alternated. Study participants
created an aphanumeric unique identifier when beginning the
pre- and posttest surveys. The survey was displayed on 10 screen
pages, with 10 items displayed per page. Adaptive questioning
was used with conditional response options for certain
demographic and personal health background questions to
reduce the number of questions asked, preserving only relevant
guestion items. Respondents were ableto review responseswith
a back button and review survey completion progress with a
status bar. Nonresponse options were included, and all survey
guantitative itemswere set to force-response settings. Qudlitative
feedback was obtained from open field response options.

Mothersviewed the website and watched the cartoonswith their
child. Quantitative questions asked self-assessed knowledge,
self-efficacy, and stage of change in executing the target
behaviors. Mothers reported their child's rating of the videos
for motivating their personal behavior change with open-ended
guestion responses. The purposive sample completed the survey
on avoluntary and confidential basis(ie, indicating having read
theinformed consent for parents, including an el ectronic assent
form for minors, as well as electronic participants' rights) as
anonymous participants. The study measure required
approximately 45to 55 min for successful completion, including
15to0 20 minto complete pre- and posttest surveys. Data storage
location, timelength, and name of the primary investigator were
clearly visible on the study €ligibility, informed consent, and
study website.

http://pediatrics.jmir.org/2019/1/e12501/
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Statistical Analysis

Descriptive statistics of mothers' income, age, education, marital
status, child age, gender, school enrollment, and self-reported
health status for herself and her child was reported. A
mixed-methods analysis was conducted. Statistical analysis
included paired samplet tests, independent t tests, and backward
stepwise regression to evaluate knowledge gains and
self-efficacy. Pretest and posttest questions, adapted from
Prochaska's Stages of Change Theory, aimed to determine how
likely participants may be ready to perform and adhere to the
following 4 target behaviors after viewing the website: (1) fruit
and vegetable selection on my plate, (2) meal preparation, (3)
fruit and vegetabl e sel ection outside of home, and (4) physical
activity. Backward stepwise regression analysis was conducted
to determine the best predictor of a high score for the website.
Incomplete data were dropped from the final dataset.

Open-Ended Feedback on Mothers and Childs
Preferencesfor Video | mprovements

Open-ended feedback captured comments on video quality and
recommendations for improvement. Participants were asked to
rate website and video quality based on aesthetics, literacy level,
content, and recommendations for improvement. Mothers
recorded their child's feedback on the videos and preferences
for improvement. Finally, observations of repeated responses
during content analysis informed coding and development of
key themes. Thematic categories were developed based on
commonalitiesin responses by mother and child, corresponding
to their respective questions. Debriefing questions, categories,
emergent themes, and direct quotes were used to devel op tables
in the Results section.

Results

Participant Description

A total of 641 African American mothers older than 25 years
with children between the ages of 8 and 14 years began the
Web-based study. The final sample included 93 mother-child
dyads, indicating a14.5% (93/641) responserate for those dyads
that met the study criteriaand successfully completed the study
questionnaires (N=93). In this study, successful completion was
defined by at least 100% completion of the survey responses.
Internet protocol addresses were checked to identify potential
duplicate entries. Of the 93 mother and child dyads that
completed the study, 65% (60/93) were single mothers and
reported an annual income between US $20,000 and US
$60,000. Mothers were on average aged 38 years. Of the 93
children, 54% (50/93) were female and aged 10 years on
average. A total of 69% (64/93) of children attended public
school. After watching the study videos, a significant portion
of the sample moved from their baseline readiness to change
statusto preparation, action, or maintenance stage for the target
health behaviors. Qualitative questions assessed website
acceptance and user preferences for improvement.

Statistical Analysis

A total of 15 paired sample t tests indicated significant
improvement across 13 areas at the Bonferroni adjustment
significance (0.05/15; P<.001; see Table 1). In the backward
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stepwise regressions, predictor variables that reported
nonsignificant outcomes were removed from the model in a
stepwise manner until amodel with all significant predictors at
P<.05 was obtained. M others who reported their children to be
both overweight (beta=.109; P<.001) and underweight
(beta=.881; P=.02) were predictors for higher overall ratings
of the website. In addition, mothers with a lower educational
level (beta=—.13; P=.05) or currently enrolled in school
(beta=.589; P<.001), serving as a proxy for family
socioeconomic status level, were at the significance level for
being a predictor for ahigh global rating of the cartoons.

The results of Table 1 indicate significant improvements in
mothers' level of knowledge, self-efficacy, and global stage of
change scores for each of the 4 target behaviors (P<.001)
reported. Average stage of change results was scored ona 1 to
5 scale, corresponding to precontemplation, contemplation,
preparation, action, and maintenance. Mothers reported
significant improvement from precontemplation or
contemplation to preparation or action for eating outside of the
home and physical activity.

http://pediatrics.jmir.org/2019/1/e12501/
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Children’s Feedback and Preferencesfor Video
Improvements

Mothers recordings of children’s feedback were quantified
based on thematic categoriesto children’s open-ended responses.
Participants were allowed to skip questions. Of the 93 children,
64% (60/93) positively viewed the cartoons and would
recommend them. A total of 33% (30/93) children reported they
learned about eating fruits and vegetables at home and away
from home. In addition, 15% (14/93) found the videos on
exercising educational, 9% (8/93) learned about cooking at
homewith mom, and 7% (7/93) wanted more exampleson food
choice selection. Overall, 10% (9/93) found the content boring,
and 35% (33 of 93) thought the animation could be improved.
Direct quotes from participants were categorized based on
emergent themes (see Table 2).

Moreover, 64 out of 80 (80%) children reported that they would
recommend the videos to other mothers and their children.
Completion of open-ended questions was not required, and the
respective n values are reflected as such. Children’sreasonsfor
not recommending the videos are listed in Table 3.
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Table 1. Paired samplet tests stage of change, knowledge, and self-efficacy for mothers’ pre- and posteval uation of the electronic health cartoon videos
(N=93). Bonferroni adjustment significance (0.05/15; P=.003). All P values above .003 are considered nonsignificant and only those below .003 are
considered statistically significant.

Paired samplet tests stage of change, knowledge, and  Stages of change, mean (SD) t test

self-efficacy for mothers

t value (df) P value

Pair 12

Prevideos 3.59 (1.25) -2.15(92) .03

Postvideos 3.74 (1.97) -2.15(92) .03
Pair 2°

Prevideos 4.22(0.82) -7.99 (92) <.001

Postvideos 5.08 (1.22) -7.99 (92) <.001
Pair 3°

Prevideos 439 (1.22) -10.17 (92) <.001

Postvideos 5.38(.77) -10.17 (92) <.001
Pair 49

Prevideos 3.65(1.28) -2.643 (92) 01

Postvideos 3.85(1.10) -2.643 (92) .01
Pair 5°

Prevideos 437 (.11) -8.16 (92) <.001

Postvideos 5.18(.79) -8.16 (92) <.001
Pair6f

Prevideos 4.43 (1.25) -9.31(92) <.001

Postvideos 5.35(.78) -9.31(92) <.001
Pair 79

Prevideos 3.00 (1.47) -5.82(92) <.001

Postvideos 3.48(1.07) -5.82 (92) <.001
Pair 8"

Prevideos 3.94 (1.40) -9.36 (92) <.001

Postvideos 5.06 (.79) -9.36 (92) <.001
Pair 9

Prevideos 4.13 (.80) -9.73(92) <.001

Postvideos 5.20 (1.30) -9.73(92) <.001
Pair 10

Prevideos 3.34(1.30) -5.69 (92) <.001

Postvideos 3.70 (1.03) -5.69 (92) <.001
Pair 114

Prevideos 452 (1.28) -6.66 (92) <.001

Postvideos 5.23(.84) -6.66 (92) <.001
Pair 12/

Prevideos 4.38(1.29) -8.07 (92) <.001

Postvideos 5.24 (.79) -8.07 (92) <.001
Pair 13"
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Paired samplet tests stage of change, knowledge, and ~ Stages of change, mean (SD) t test

self-efficacy for mothers

t value (df) P value

Prevideos 3.40 (1.10) -6.02 (92) <.001

Postvideos 3.69 (.93) -6.02 (92) <.001
Pair 14"

Prevideos 4.23(1.01) -9.56 (92) <.001

Postvideos 5.32 (.65) -9.56 (92) <.001
Pair 15°

Prevideos 4.33(1.13) -10.556 (92) <.001

Postvideos 5.30 (.66) -10.556 (92) <.001

3Pair 1: Mother’s stage of change for fruits and vegetables selection on her plate.

BPair 2: Mother's knowledge for fruits and vegetables selection on her plate.

CPair 3: Mother’s self-efficacy for fruit and vegetable selection on her plate.

9pair 4: Mother’s stage of change for selecting more fruits and vegetables when preparing family meals.
€Pair 5: Mother’s knowledge for selecting more fruits and vegetables when preparing meals.

fPair 6: Mother's self-efficacy for selecting more fruits and vegetables when preparing family meals.
9Pair 7: Mother's stage of change for selecting more fruits and vegetables outside of the home.

PPair 8: Mother’slevel of knowl edge for selecting more fruits and vegetabl es outside of the home.
iPair 9: Mother's sel f-efficacy for selecting more fruits and vegetables outside of the home.

Ipair 10: Mother’s stage of change for engaging in physical activity.

Kpair 11: Mother's level of knowledge for engaging in physical activity.

IPair 12: Mother's self-efficacy for engaging in physical activity.

Mpair 13: Global stage of change score.
"Pair 14: Global knowledge score.
OPair 15: Global self-efficacy score.

Table 2. Children’s reasons for recommending cartoon videos.

Emergent themes

Direct quotes

Dietary knowledge gains

Dietary knowledge gains

Vicarious learning via character identification

Vicarious learning via character identification

Vicarious learning via character identification

Influential for both mother and child

“They’re funny and help you learn more about what to eat if you want to eat healthy and
stay healthy.”

“Because people need to eat better and | think that thisis agood way to help people see
that it is good to eat fruit and veggies.”

“The people are brown skinned like me.”

“Because they are cartoons and kids can relate to them and it might get the point across
about healthy eating.”

“Because some of my friends are fat and they have big bellies”

“Because some moms do not want their children to have diabetes.”

Table 3. Children’s reasons for not recommending videos.

Emergent themes

Direct quotes

Vicarious learning via an urban environment

Vicarious learning via an urban environment
Vicarious learning via character identification

Animation quality and graphic design

“Maybe if the videos talked about why neighborhoods don’t have certain foods. We live
in Queens and can go to Fairway, Stop n Shop and Trader Joe's and even Whole Foods.
My friends who live in the school’s neighborhood can’t.”

“Just make it more compatibleto an urban child’s experiencein day to day life situations.”
“Better cartoon people and talk about how we kids may overeat when being bullied.”

“Add arms, legs, and necks to the characters, make the voices match the characters, find
different ways to show excitement.”
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Mothers Feedback and Preferencesfor Video
Improvements

Mothers' responses were analyzed for emergent themes, and
direct quotes are provided—as shown in Table 4. Of the 93
mothers, 68 (73%) found the cartoons to be a good educational
resource worth recommending to their peers, thereby diffusing
the innovation. Moreover, 37% (34/93) mothers stated the

Table4. Mothers reasons for recommending the website.

Chung et a

cartoons were educational about eating at home, eating away
from home, and cooking with their child. Furthermore, 23%
(21/93) mothers said they learned about exercising. A total of
26% (24/93) women commented that the website could have
been improved with better graphics and animation. Finally, 16%
(15/93) mothers commented that more activities should be
included to make the website longer.

Emergent themes

Selected direct quotes

Dialogue via mother and child

Dialogue via mother and child

“Helps start conversation about nutrition and exercise with children.”

“Because watching these videos with my child caused an instant change in my families

eating habit, but also more importantly in someway created an instant bond that we didn’t
know we lacked! WE' Il be preparing meals together more frequently and sharing lots of
other parent/child activities!”

Dietary knowledge gains

“The website is very informative, | think thereisalot of information to be found on this

website on creating healthy choices”

Diffusion of innovation

“1 would recommend it because | believe there are many moms that may not know the

various food groups and how to provide proper nutrition.”

Discussion

Principal Findings

Our findings indicate that culturally adapted nutrition and
physical activity messages can inspire African American
mother-child dyads' readiness to adhere to national dietary and
physical activity guidelines. This study aligns with previous
research indicating that digital cartoon animation storytelling
motivated mothers and children toward dietary and physical
activity improvements[15-17,19-21]. Our eHealth intervention
extends beyond prior interventions targeting only children and
adolescents by incorporating the mother, thereby influencing
the larger family unit. Our study was effective in increasing
knowledge and self-efficacy in both mother and child. Both
mother and child moved across the Stage of Change continuum
from not thinking about or considering diet and physical activity
improvements (precontemplation or preparation) to considering
and carrying out diet and physical activity improvements
(preparation or action or maintenance). Given that African
American participation in eHealth interventions is low [22],
culturally adapted animation may have helped with participation
rates.

Mothers' Preferencesfor Culturally Tailored
Animation

Our findings reinforce the importance of including mothersin
Web-based behavior changeinterventions becausethey typically
influence the food choice decisions for their families [23,24].
Children’s food preferences into adolescence may be shaped
by the foods they are exposed to early in life [25], which may
be predisposed by mothers’ own food preferences. Parental role
modeling of food intake has also been shown to influence
children’'s engagement in physical activity and food choices
[26-28], which are adjunctive strategies in obesity prevention
and management. Dwyer et al found a positive correlation
between parent-adolescent dyad autonomous motivation and
fruit and vegetable intake [29]. Similarly, Vepsildinen et a

http://pediatrics.jmir.org/2019/1/e12501/

reported that mother-child dietary patterns were stronger than
father-child dietary patterns as a significant predictor for the
child’s food intake [30]. Targeting the family environment is
crucia ininducing adherenceto healthy dietary patternsamong
children and their families[31].

Comparisons With Prior Work

Prior interventions involving African American parent-child
dyadsrelated to healthy eating and physical activity werefound
in within-person interventions. The FIT Families tria in
Michigan conducted from 2011 to 2013 [32] examined
satisfaction and content acceptance of a 6-month family-based
weight loss intervention. Semi-structured interviews with 136
African American adolescents (median age: 14 years) and
caregivers of which 89.7% (122/136) were mothers reported
that program components (parent involvement and weight loss
counseling) and content (cognitive behavioral skills training,
motivational interviewing, and contingency management) were
hel pful and acceptable. | dentified areas of improvement included
a need for more engaging skills-based learning, inclusion of
exercise sessions, and the need for personalized tailoring to
meet adolescent and caregiver interest. Parenting support, active
learning, and individualized personalization were positive
attributes of the intervention. Personalized tailoring of
educational content was consistent feedback among our
participants, reinforcing the significance of incorporating
features that address interests and issues germane to the target
population.

Berry et a evaluated the efficacy of a5-year cluster-randomized
controlled trial in North Carolinaon diet and exercise education
with coping skills training in elementary school children and
their parents [33]. A total of 63.5% (117/184) of participant
families were African American, 54.8% (101/184) of whom
were mothers. The intervention included an hour of nutrition
and exercise coping skills training and 45 min of exercise once
aweek for 12 weeks. Researchers aimed to examine changes
in adiposity, weight, health behaviors, and self-efficacy in
children and parents (n=184) in an 18-month program.
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Intervention group parents reported positive correlations
between parent and child wai st circumference (r=.409; P<.001),
triceps (r=.332; P<.001), and subscapular (r=.292; P<.001)
skinfolds compared with controls but failed to find significant
correlations in nutrition and exercise sef-efficacy and
knowledge or change in children’s and parents body mass
index. Changesin parent-child body weight could be attributed
to the consistent physical activity component. Our study
effectively increased knowledge and self-confidence to carry
out diet and behavior change but does not measure any actual
changes in body weight or actual food intake, indicating that
an in-person component may help lead to participant weight
loss.

Mothers' open-ended responses regarding video improvements
included the preference for the cartoons to better depict food
desserts. African American neighborhoods experience the
highest rates of unhealthy food environments compared with
whites and proportionally the highest rates of obesity and
diabetes [34,35]. Character dialogue and backgrounds that
illustrate limited access to healthy foods in their neighborhood
environment would better reflect the experience of mothers
when making food purchasing decisions and proffer possible
solutions to overcome this challenge.

Children’s Preferencesfor Culturally Tailored
Animation

Cartoons are an effective tool for improving children’'s
adherence to specific health behaviors [36]. Culturally tailored
cartoons alowed for positive character identification and
vicarious learning for African American children. Open-ended
comments from children stating that they liked the videos
“because they have brown skin like me,” reflects a positive
connection and identification with the characters viewed.

Vicarious learning through brown-skinned characters allows
for positive reinforcement of healthful behaviors that is
particularly important for African American children to be
exposed to and identify with. Viewing brown-skinned cartoon
characters is important for instilling self-esteem in children as
part of their socioemotional development [37,38]. Evidence
suggests children least prefer the color black with a positive
happy emotion [39]. Ingtilling self-confidence in African
American youth through vicarious learning could increase
self-efficacy toward consuming a more healthful diet.

Limitations

Stages of Change pre- and posttest surveys assessed readiness
toward the target behaviors but not actual consumption.
Furthermore, child responses may have reflected the mother’s
interpretation as mothers served as a proxy respondent for their
children. The study did not include other caregivers, such as

Chung et a

grandmothers, who may also make food purchasing decisions
and cook mealsin the home. The study design assumes target
participants have internet access. Moreover, 13% of African
Americans do not use the internet [40]. Health literacy [41],
internet self-efficacy [42], and parental consent form literacy
[43] may have been enrollment barriers. Technological
limitations hampered recommending the videos to others.
Internet privacy is also a concern, given the degree of mistrust
in the black community with the health care system [44].

Low sample size may have affected statistical power during
study analysis. Response, social desirability, and selection bias
may have been introduced. M ethodol ogical improvements could
have addressed survey measures that were based on an adapted
survey tool. Survey items should be validated for future use.
External validity of this study may only apply to the target
popul ation.

Future Directions

Future research should evaluate the role of culturaly tailoring
asamediator to influence behavioral outcomes. Explaining how
cultural adaptations influence outcomes is critica to
understanding their significance[45] and identifying preferable
mechanisms for reaching this hard-to-reach population.
Animation and content features preferred by this population
could be important for future research.

Animation design improvements are needed in the next steps,
especially for improving computerized cartoon voicesthat were
a prominent concern in children’s feedback. Privacy concerns
and internet access may be areas to address when developing
eHealth solutions targeting the African American community
[10]. Future study design improvements could include
interactive methods to increase engagement, such as photo
uploads of before and after pictures of meals consumed and
regularly updated website content.

Conclusions

This study demonstrated that culturally adapted cartoons may
be an effective educational tool to inspire healthy behaviorsin
African American mother-child dyads. Future directions should
incorporate key findings from this study for animation design
to better reflect the preferences by the target population. Food
justice issues commonly experienced in African American
communities should be depicted graphically and reflected in
character dialogue. Technological advances in mobile apps
could draw upon these findings to develop solutions with
preferred features by thistarget population to addresstheir health
needs. Self-monitoring tools with goal-setting attributes that
have reported successful behavior change may also be
considered, including the mother for collective participation
and objective measurement.
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Abstract

Background: Over 20,000 parentsin the United States face the challenge of participating in decisions about whether to use life
support for their infants born on the cusp of viability every year. Clinicians must help families grasp complex medical information
about their baby’s immediate prognosis as well as the risk for significant long-term morbidity. Patients faced with this decision
want supplemental information and frequently seek medical information on the Internet. Empirical evidence about the quality of
websitesis lacking.

Objective: We sought to evaluate the quality of online information available about periviable birth and treatment options for
infants born at the cusp of viability.

Methods: We read a counseling script to 20 pregnant participants that included information typically provided by perinatal and
neonatal providers when periviable birth is imminent. The women were then asked to list terms they would use to search the
Internet if they wanted additional information. Using these search terms, two reviewers eval uated the content of websites obtained
viaa Google search. We used two metrics to assess the quality of websites. The first was the DISCERN instrument, a validated
guestionnaire designed to assess the quality of patient-targeted health information for treatment choices. The second metric was
the Essential Content Tool (ECT), atool designed to address key components of counseling around periviable birth as outlined
by professional organizations. DISCERN scores were classified as low quality if scoreswere 2, fair quality if scoreswere 3, and
high quality if scores were 4 or higher. Scores of 6 or higher on the ECT were considered high quality. Interreviewer agreement
was assessed by calculated kappa statistic.

Results: A total of 97 websites were reviewed. Over half (57/97, 59%) were for-profit sites, news stories, or personal blogs;
28% (27/97) were government or medical sites; and 13% (13/97) were nonprofit or advocacy sites. The majority of sites scored
poorly in DISCERN questions designed to assess the reliability of information presented as well as data regarding treatment
choices. Only 7% (7/97) of the websites were high quality as defined by the DISCERN tool. The majority of sitesdid not address
the essentia content defined by the ECT. Importantly, only 18% of websites (17/97) indicated that there are often a number of
reasonable approaches to newborn care when faced with periviable birth. Agreement was strong, with kapparanging from .72 to
91,

Conclusions: Most information about periviable birth found on the Internet using common search strategies is of low quality.
News stories highlighting positive outcomes are disproportionately represented. Few websites discuss comfort care or how
treatment decisions impact quality of life.

(JMIR Pediatr Parent 2019;2(1):€12524) doi:10.2196/12524
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Introduction

While the rate of survival with or without neurodevel opmental
impairment for infants born between 22 and 25 weeks has
improved over time, thereis considerable uncertainty regarding
short- and long-term prognosis for infants born during the
periviable period [1-8]. Periviable birth, defined as delivery
occurring from 20 0/7 weeks to 25 6/7 weeks, complicates
roughly 20,000 deliveriesannually in the United States. Survival
with neonatal interventions ranges from roughly 10% at 22
weeks gestation to over 60% at 25 completed weeks [1]. The
risk of long-term neurodevel opmental impairment remains high
for al periviableinfantswho survive[1-5]. Women and families
must navigate this uncertainty to make time-sensitive and
value-laden decisions regarding obstetrical interventions for
fetal benefit and neonatal care when periviable birth isimminent.
Women facing periviable birth have expressed a desire for
supplemental information after provider counseling [9-13].

Increasingly, patients areturning to the Internet for supplemental
health information. Survey estimates suggest that over half of
people in the United States search the Internet for health
information [14]. While data specific to periviable birth are
limited, studies of other preference-sensitive decisions suggest
that both patients and providers support provision of
supplemental information that presents the pros and cons of all
reasonable treatment options. Health care providers remain
skeptical about the value of the Internet as a source of unbiased
supplemental information [11,15].

The usefulness of the Internet asa source of supplemental health
information depends on the quality of information easily
available to patients. There are now a number of validated
assessment checklists—the DISCERN tool, Journal of American
Medical Association Benchmarks, and Health On the Net
Foundation Principles—to determine the quality of online
information [16-18]. The aim of this study wasto evaluate data
regarding the quality of online information about periviable
birth.

Methods

Defining I nternet Search Terms

We recruited pregnant women at gestation of 37 weeks or more
from the Magee-Womens Hospital, Pittsburgh, PA, outpatient
obstetrical clinicsto participatein this study during June 2016.
Women were excluded if they had experienced a prior preterm
birth or had experienced threatened preterm labor during their
current pregnancy. We approached all women meeting inclusion
criteria. Following informed consent, women wereread ascript
describing a hypothetical situation in which they were faced
with apreterm birth at 23-weeks’ gestation. The script included
information on short- and long-term outcomes, risks and benefits
of obstetrical interventions for neonatal benefit, aswell as care
optionsfor the neonate after delivery. The script was devel oped
by input from members of the division of Materna Fetal
Medicine and Newborn Medicine at the University of Pittsburgh
Medical Center, Pittsburgh, PA. Participants were then given
awritten survey asking them to identify the search engine they
used most frequently and how often they searched for health
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information online. They were then asked to list four search
terms they would use to seek out additional information about
periviable birth. They were also asked whether they would prefer
tolearn about (1) statisticsregarding survival and outcomesfor
periviable neonates, (2) narrative descriptions about women
who delivered in the periviable period and the outcomes for
their neonates, or (3) both. Women were recruited until we
reached saturation in themes of search terms. We did not recruit
partners of preghant women as they were not readily present at
the clinical venues where we recruited participants.

Website | dentification

Using the four most common search terms provided, two
reviewers (AFH and CAZ) independently evaluated the
informational content of websites found via a Google search.
Additional websites listed by participants were WebMD and
Wikipedia. Sites were excluded if they were non-English or if
registration was required for access. Eligible websiteswerethen
independently reviewed on the same date. The first three pages
of websites using the top four search terms were included in
the evaluation, as marketing data demonstrate that only 1.6%
of users click on links from the third page of results or beyond
[19].

Analysis of Website Quality

Websites were classified into six main categories. (1)
government, (2) scientific resources, (3) nonprofit and advocacy
organizations, (4) news and media reports, (5) for-profit
organizations, and (6) personal commentary (eg, personal blogs).
Two metrics were used to evaluate the quality and content of
the websites. Thefirst wasthe DISCERN instrument, avalidated
guestionnaire designed to assess the quality of patient-targeted
health information for treatment choices [20]. We elected to
usethistool becauseit istailored to evaluate how well websites
prepare patients and providers to engage in a shared
decision-making process, the approach recommended to help
families make decisions about neonatal care after periviable
birth. Questionsincluded in the DISCERN instrument fall into
three main sections. Section 1 (Questions 1-8) addresses the
reliability of the site and whether it can be trusted as a source
of information about treatment choices. These questions address
the sources of information used to compilethe site, thewebsite’s
ability to provide accurate and impartial information, and areas
of uncertainty regarding treatment choices. Section 2 (Questions
9-15) focuses on specific details of the information about
treatment choices. These questions examine the risks and
benefits of each treatment choice and how well the site supports
shared decision making. Section 3 (Question 16) isasubjective
assessment by thereviewer of the overall quality of the website.
Each question on the DISCERN tool is scored on a scale of 1
(low quality/not addressed) to 5 (high quality/fully addressed).
We considered scores of 4-5 to be high quality, 3 to be fair
quality, and 1-2 to be poor quality sources of information.

The DISCERN tool can be used for any health-related content
area and, thus, is not specific to periviable birth. Therefore, a
second metric was developed—the Essentia Content Tool
(ECT)—to address whether websites covered information
defined as critical for decision making around periviable birth.
This tool was developed in two phases. First, we extracted 21
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key components of periviable counseling as outlined by both
the American College of Obstetrics and Gynecology and the
American Academy of Pediatrics statements about periviable
birth [21,22]. Content validity was evaluated by querying four
physician members of the divisions of Maternal Fetal Medicine
and Newborn Medicine to identify the minimum number of
constructs necessary to provide families with essential
information about periviable birth decision making. This process
identified 10 essential topics pertinent to periviable birth. These
included information about short- and long-term neonatal
morbidity and mortality at different gestational ages aswell as
obstetrical interventions for neonatal benefit and options for
neonatal care. We aso assessed whether information was
presented in a preference-sensitive manner: thereis no right or
wrong decision. All 10 domains are outlined in Multimedia
Appendix 1. Thus, the ECT contains a total of 10 content
guestions that were scored dichotomously (present or not
present). A website was considered of good quality if it
addressed at least six of the content domains and high quality
if it addressed at least eight of the content domains.

Statistical Analysis

Descriptive statistics were cal cul ated to characterize participants
and summarize results of the DISCERN tool and the ECT.
Interreviewer agreement was assessed by a calculated kappa
statistic and descriptive statistics were performed. This study
was approved by the University of Pittsburgh’s Institutional
Review Board.

Results

Patient Population and Search Terms

A total of 20 women were recruited for the first stage of the
study. The median age of our patient population at the time of
enrollment was 28 years (interquartile range [| QR] 25-30), 35%
(7/20) had Medicaid insurance, 65% (13/20) had private
insurance, and 50% (10/20) of the women were black. A total
of 90% (18/20) of women had graduated high school. The
median gestational age was 38.0 weeks (IQR 37.6-38.6) and
40% (8/20) were nulliparous. Of those surveyed, 85% (17/20)
chose Google astheir preferred search engine and 75% (15/20)
reported they used the Internet to search for health information
often or all thetime.

Patients were asked to provide four search terms they would
use to search for supplemental information online regarding
periviable birth. Overall, participants recorded a total of 54
search terms. Thefour most common search termselicited were
(2) preterm birth, (2) birth at 23 weeks, (3) long-term effects of
preterm birth, and (4) chances of survival at 23 weeks. These
four responses or minor variations of these responses (ie,
long-term complications of preterm birth) accounted for 83%
(45/54) of total search terms provided by participants. Other
search terms recorded by participants included the following:
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recurrence risk of preterm birth, prevention of preterm birth,
resources available for people with preterm infants, and care
decisions made by families facing periviable birth. Patients
overwhelmingly desired both statistical information about
survival and prognosis as well as patient narratives about their
experienceswith periviable birth, with 90% of women indicating
they wanted both types of information.

Website Characteristics

After exclusion criteriawere applied, 97 unique websites were
reviewed out of atotal of 120 possible websites (80.8%). Of
those queried, 59% (57/97) were for-profit sites, news stories,
or persona blogs; 28% (27/97) were government, hospital or
research ingtitution, or medical journal sites; and 13% (13/97)
were nonprofit or advocacy sites. Most websites were from the
United States (75/97, 77%), followed by the United Kingdom
(17/97, 18%), Australia (3/97, 3%), and New Zealand (2/97,
2%).

Quality of Website Content: The DISCERN Tool

The DISCERN tool evauates the reliability of website
information aswell asthe quality of information about treatment
choices. The reviewers defined “treatment” as neonatal
interventionswith the goal of sustaining the life of the neonate.
Therefore, when the DISCERN tool asks if the website
“addresses what would happen if no treatment was used or if
there are aternatives to treatment,” we interpreted this as the
website referring to the option of comfort care and subsequent
neonatal desth.

Overall, websites scored poorly. A website could score a total
of 80 points on 16 questions, 40 points on questions addressing
thereliability of information (Questions 1-8), and 35 pointson
the questions addressing treatment choices (Questions 9-15).
High scores indicate high quality. The distribution of scoresis
shown in Figure 1. While website quality was poor overall (see
Figure 1A) with a median overall score of 36 (IQR 30-44),
websites fell markedly short at discussing treatment options
(see Figure 1C). The median scorefor the questions addressing
treatment choices was 8 (IQR 7-13).

As indicated above (see Figure 1C), information on treatment
choices was poor and thiswas particul arly notable for questions
addressing support for shared decision making. Only 10%
(10/97) of the websites scored highly (4 or 5) on the question
of whether it was clear there was more than one reasonable
treatment choice or medical approach. A total of 68% of
websites (66/97) scored poorly (<2) in acknowledging
uncertainty around the best treatment options. Importantly, 16%
(16/97) had evidence of strong bias indicating a completely
unbalanced view of options available to patients experiencing
aperiviablebirth. The biaswasuniformly in favor of presenting
the option of atrial of resuscitation and not presenting comfort
care as an option.
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Figure 1. Distribution of DISCERN scores overal (A), with regard to reliability of information (B) and information on treatment choices (C).
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Website Content Using the Essential Content Tool

The ECT provides a more granular assessment of the quality
of information asit pertainsto periviable birth. Consistent with
thefindings using the DISCERN tool, most websites lacked the
essential content necessary for periviable decision making as
defined by the ECT. Only 38 of the 97 sites (39%) reviewed
morbidity and mortality statistics by gestational age, and these
were often not reflective of the current literature [1]. Roughly
a quarter (27/97, 28%) reviewed obstetrical interventions for
neonatal benefit, such as administration of betamethasone or
magnesium for neuroprotection. Interestingly, the content area
most commonly addressed by the queried websites (59/97, 61%)
was the potential long-term outcomes for periviable neonates
(eg, cognitive impairment, cerebral palsy, deafness, blindness,
feeding difficulties, and oxygen requirement). Consistent with
our findings from the DISCERN tool, only 18% (17/97) of
websites presented a full range of care options for periviable
infants, including comfort care. Few websites (10/97, 10%)
characterized decision making around periviable birth as
preference-sensitive, indicating that there is often no clear right
or wrong choice in deciding to pursue life-sustaining
interventions versus comfort care for the neonate. The complete
distribution of scores for ECT are included in Multimedia
Appendix 1.

Overall Website Quality

The overall quality of website content was measured using the
last question on the DISCERN tool and by the presence of six

http://pediatrics.jmir.org/2019/1/e12524/

Averaga DISCERN Reliability Score (Possible Range: 8- 40)

25 30 35 40 5 10 15 20 25

Average DISCEAN Score for Treatment Choices (Possible Range: 7 -35)

30 35

out of 10 essential domains as defined by the ECT. Only 7%
(7/97) of the websites were thought to represent high-quality
websites by both reviewers using the last question on the
DISCERN tool, and 2% (2/97) were considered high quality
according to the ECT. A total of 20% (19/97) of the websites
were of good quality according to the ECT. Notably, over half
(5/9, 56%) of the high-quality websites were found by our
reviewers on page 2 or 3 of the search results. Additionally,
74% (14/19) of good-quality websites were from academic
sources, governmental sources, or nonprofit organizations. Only
2 out of 19 (11%) of the good-quality websites according to the
ECT were from a for-profit site. To illustrate high- and
low-quality websites, we provided quotes demonstrative of the
websites’ messages. We found that many websites, particularly
news stories and personal blogs, focused on sensational stories
that do not always represent the more likely outcomes (see Table
1).

Interreviewer agreement was substantial with kappa ranging
from .72 to .90 for the ECT questions and from .36 to .71 for
the individual DISCERN questions. The stronger agreement
within the ECT can be explained by the binary nature of the
guestions, while the DISCERN questions are answered using
a 1-5 scale. When using a weighted kappa statistic to account
for the degree of disagreement within the DISCERN questions,
agreement was strong, with kappa ranging from .66 to .91 for
theindividual DISCERN questions.
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Table 1. Content from high- and low-quality websites.

Characteristics by DISCERN tool

Representative quotes

High-quality website

Addressboth surviva andlong-
term disabilities

Address patients’ values

Encourage shared decision
making

L ow-quality website
Sensational news stories

Biased testimonials

Statements with unclear sources
of information

“For babies born at 23 or 24 weeks, the chance of survival if they receive intensive treatment is about 50:50. If
the baby survives, they may have one or more of the problems described in thiswebsite...About 1in4 or 1in
5 children who survive have very serious problems affecting their movement or learning or both that mean they
will need lifelong help and support for everyday activities.” [23]

“The success of improved survival in very premature infants has raised some serious ethical issues. It is now
possible to save more, smaller, and earlier babies. The difficult question is whether thisis alwaysin the best
interest of the baby...Decisions pertaining to these sensitive issues are influenced by a number of factors, not
least by parental views.” [24]

“Parents have difficult decisions to make at this time and your views and values are very important.” [23]

“For some families, the worst thing that could happen is that their baby dies. For them, intensive treatment is
the right choice as this gives the baby the best chance of surviving. For other families, the worst thing that could
happen is that the baby has to go through intensive treatment and then survives with a serious disability. They
worry about the effect on the child and on the rest of their family. For those families, comfort care may be the
right choice. This option has the lowest chance of the baby surviving with a serious disability.” [25]

“If you don’t know what would be best for your family and for your baby, you may find it helpful to talk to
other members of your family. If thereistime, you could speak to different medical specialists about your situ-
ation, eg, obstetricians and paediatricians.” [23]

“Your doctors will talk with you about your situation and try to understand what isimportant for you and your
family. Thereis no right or wrong answer.” [25]

“With his chances of survival being between 15-30 percent, sweet Haiden has beat the odds...Within hours
Emily gave birth to her 1.5-pound baby boy—14 hours away from the nearest hospital...Emily credits her boy’s
strong lungs, a makeshift incubator and her cruise's early arrival into a Puerto Rico dock. ‘ The doctors really
tell usthat he’'s amiracle baby, Emily stated. ‘It'samiracle he's here’”

“‘They didn’t think she was going to be alive, but | knew she was. Because | just knew it, ...She remembered
the dream she had the night before going into labor. Init, she said God told her he would take care of her
daughter, but she had to have ‘faith...”

“...studies show that depending on medical care, at 22 weeks—the age that Planned Parenthood iskilling viable
babies—preemies can survive with care. So, Trevor Frolek cameinto the world at 23 weeks. At the time of his
birth, he weighed in at 1 pound, 6 ounces, and like many of the babies born aivein ‘botched’ abortions would
do if given the chance, Trevor fought to stay alive. And stay alive he did. Trevor survived, and after spending
thefirst year of hislifein Fargo, North Dakota's Essential Health neonatal intensive care unit, weighing ahealthy
20 pounds, he went home.”

“She was fully human, just smaller than we had ever seen before in our lives. Four months later, Ava Joy came
home with us as a completely healthy baby with a minor case of reflux.”

“A prematurity prevention program has been developed and implemented at the Pope Paul V1 Ingtitute for the
last 25 years...This entire protocol cannot be properly discussed in awebsite such as this, however, it can be
stated emphatically that the prematurity rate can be decreased with the use of this protocol...For the entire group,
the comparison group had a preterm birth rate of 12.0 percent and the Pope Paul V1 Institute group protocol
only had a 7.0 percent prematurity rate and in that group, only 1.3 percent were at < to 33.9 weeks of gestation.
Thisis three times less than the comparison group.”

Discussion

decisions surrounding periviable birth. Less than 20% of
websites addressed comfort care as a treatment option in

Principal Findings

periviable neonates and, if mentioned, it was often a single
sentence. Furthermore, only 10% of websites acknowledged

The American College of Obstetricians and Gynecologists, the
Society for Maternal Fetal Medicine, and the American
Academy of Pediatrics all emphasize the need for shared
decision making regarding interventionsfor infants born during
the periviable period [21,22]. Given patients frequently access
the Internet for supplemental health information when faced
with medical decision making, we sought to provide data
regarding the quality of online information as it pertains to
periviable delivery [11,12]. Our work revealed that the
overwhelming majority of websites do not address content
considered essential for patient education about the difficult
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that thereis more than one reasonabl e approach to care—aframe
that is critica to supporting shared decision making.
Additionally, over 15% of websites were found to have strong
biasin favor of neonatal resuscitation, potentially further eroding
high preference-based decision making.

Roughly one in 10 websites were considered high quality by
the DISCERN tool. The websites receiving the highest scores
were nonprofit sites and government sites (eg, Wikipedia and
the Australian Perinatal Practice Guidelines). Of concern, the
highest-quality websites were often difficult to find within our
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search, often listed on the second or third page of the results.
Prior research has shown that 91% of Internet users do not go
beyond the first page of search results [15]. The websites that
Google ranks on the first page of their search results for any
given search term are those considered the most relevant using
a complex algorithm, which is constantly updated and revised.
Therefore, it can be difficult to move high-quality sites to the
front of the search results without search engine optimization
consultants [26].

Prior studies have investigated the quality of onlineinformation
for other preference-sensitive decisions, including treatment for
localized breast cancer and treatment optionsfor prostate cancer
[27,28]. Consistent with our results, these studies concluded
that although many websites address these topics, very few
provide essential information necessary to actively participate
in decision making related to treatment options. These studies
suggest that there is a potential for the Internet to provide
valuableinformation for patients, but it isup to their health care
providers to identify high-quality websites to guide their
patients.

Our study has several important strengths. First, oursisthefirst
investigation to specifically investigate the quality of online
information as it pertains to periviable birth. Additionally, the
search terms we used were defined by patients and thus likely
reflect the usual search strategies employed by the general
population. Furthermore, we used two metrics to evaluate the
individual websites—both avalidated tool to assess the quality
of information for preference-sensitive decisions as well as a
content tool that specifically assessed information related to
periviable birth. This approach allowed for a multidimensional
evaluation of the websites that addressed both content-specific
aswell as big-picture concepts that support high-quality shared
decision making. Finally, interviewer agreement was found to
be strong after our analysis.

Our study aso has several important limitations. First, the
Internet search terms used in our study were generated by
pregnant women at term, rather than women facing imminent
periviable birth. This approach was taken after extensive
deliberation with the study team and review board. We weighed
therisk of the added stress and anxiety that participating in this
study would cause a woman facing periviable birth versus the
minimal added benefit that would come from asking the intended
population to generate the search terms for our study. At the
conclusion of our discussions, we felt a hypothetical approach
with term women would generate realistic and useful search
terms and opted for this approach. Second, we attempted to
recreate how the patientswould search the Internet for additional
information regarding treatment options and outcomes
surrounding a periviable birth and thus only one search engine
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was used, which may limit the generalizability of our findings.
This search engine, however, was overwhelmingly picked as
the search engine of choice by our sample population and till
provided alarge amount of pilot data. Third, the review of the
websites was completed on personal computers, as opposed to
mobile phones, which are often the modality used by patients.
Over two-thirds of Americans nhow own a mobile phone, and
62% of mabile phone owners use their mobile phone to get
information about a health care condition [14]. In light of this,
it ispossiblethat the search engine may have organized websites
differently, and the websites themselves may be navigated
differently for mobile phone users. We used a validated
guestionnaire specifically designed to assess the quality of
patient-targeted health information for treatment choices. There
are other elements of website design that could meaningfully
impact the user experience and patient education that we did
not assess. These include ease of readability and use of
illustrative graphics. Neither the ECT nor the DISCERN tool
include patient perspectives in what they would define as a
high-quality website, and we acknowledge that patients may
desire different content within websites than physicians. We
did not take into account the idea that parents have different
values and the role of incorporating their values into decision
making regarding periviable delivery, but these are important
areas of futureresearch. Finally, we did not consider the Internet
self-efficacy or health literacy of our population. These are
important areas for future investigation.

Although not the major focus of our study, 90% of our survey
population indicated that in addition to high-quality information
about prognosisand treatment for periviable neonates, they also
wanted to learn about other patients experienceswith periviable
birth and periviable decision making. This suggests that there
is a patient desire for the inclusion of narratives in the
educational component of preference-sensitive counseling and
that providing these narratives in a balanced fashion may be
important. It also speaks to potential gaps in counseling by
health care providers. Understanding these gapsis animportant
research effort of our group aswell as others[12]. We hope that
theinformation generated by this pilot study will lead to alarger,
comprehensive review of online resources available to patients
facing a periviable birth.

Conclusions

Moving forward, the creation of an evidence-based Internet
resource that addresses both short- and long-term neonatal
outcomes, patients' values, the importance of shared decision
making, and the option for comfort care should be devel oped
to help parents make treatment decisions when facing a
periviable delivery.
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Abstract

Background: Mobiletechnology offers unique opportunitiesto reach people with health promotion interventions. Breastfeeding
isan important public health issue, and fathers are a key support. Milk Man is a father-focused breastfeeding app that sought to
engage fatherswith information and conversation about breastfeeding, with the goal to impact positively on breastfeeding duration.

Objective: The study aimed to describe the process evaluation of the Milk Man app that wastrialed in the Parent Infant Feeding
Initiative randomized controlled trial.

Methods: The app used an information library, gamification, push notifications, and social connectivity via a Web-based
conversation forum, which included polls and conversation starters, to engage fathers with breastfeeding information. Fathers
had access to the app from approximately 32 weeks of gestation to 6 months postpartum. Process eval uation data were collected
from a self-completed questionnaire administered via a Web-based link sent to participants at 6 weeks postpartum, and app
analytics data were collected directly from the app. Quantitative data from both sources and qualitative responses to open-ended
guestions were used to triangul ate findings to investigate patterns of usage and the effectiveness of each app engagement strategy
to motivate and engage users.

Results. A tota of 80.3% (586/730) of participants, who were randomized to receive the app, downloaded Milk Man. Push
notifications and interest in what other fathers had posted in the forum were the 2 main motivators to app use. Fathers used the
app most while their partners were still pregnant and in the weeks immediately after the birth of their baby. Perspectives on the
gamification strategy were varied. However, at 6 weeks postpartum, approximately one-third of fathers still using the app said
that the gamification elements were encouraging the app use. The ease of use of the app and the design were important elements
that were rated positively. The conversation forum emerged as the hub of app activity; all but 1 of the most accessed library
articles and external organization links had been prompted as part of a conversation starter. Fathers posted comments in the
conversation forum 1126 times (average of 2.21 per user) and voted in polls 3096 times (average of 6 per user).

Conclusions: These results demonstrate that the Milk Man app was an acceptable source of breastfeeding information and
support that fathers and fathers-to-be are prepared to use throughout the perinatal period. The app showed encouraging results
with facilitating conversation between partners. The conversation forum was clearly central to the success of the app, and fathers
provided suggestions for improvement. Gamification resultswere varied, yet it was akey motivator for some users. These results
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provide valuable insight into the acceptability of the engagement strategies, including motivations for use and user perspectives

on the app.
Trial Registration:

(JMIR Pediatr Parent 2019;2(1):€12157) doi:10.2196/12157

KEYWORDS

Australian New Zealand Clinical Trials Registry ACTRN12614000605695; https.//www.anzctr.org.au
/Trial/Registration/Trial Review.aspx?ACTRN=12614000605695

mHealth; app; breastfeeding; fathers; gamification; socially connected; push notifications

Introduction

Breastfeeding

Breastfeeding is a key public health issue with well-evidenced
health benefits for both infants and mothers [1,2]. For infants,
short-term benefitsinclude protection from gastrointestinal and
respiratory tract infections, otitis media, and sudden infant death
syndrome [3-5], and long-term benefits include alower risk of
obesity and type 2 diabetes [6]. For mothers, benefits include
a reduction in the risk of ovarian and breast cancer, diabetes,
and hypertension [2,7]. The World Health Organization
recommends exclusive breastfeeding for the first 6 months of
life, with breastfeeding to continue thereafter with the
introduction of complementary foods[8]. Despite near-universal
initiation of breastfeeding among Australian women [9], the
latest available data (2014-2015) from the National Health
Survey indicate that only one-quarter (24.7%) of infants are
exclusively breastfed to at least 6 months[10], and less than 6
out of every 10 infants receive any breast milk at the age of 6
months [9]. These statistics have remained relatively stagnant
for the last two decades or so [11], and new and innovative ways
of increasing the duration and exclusivity of breastfeeding are
urgently needed to ensure that most Australian children (and
their mothers) receive maximum and continued benefits of
breastfeeding.

Social Support and Breastfeeding

Although there are many complex factors that can impact on
breastfeeding [12,13], social support is one of the most crucial
[14]. In Western societies in particular, there is convincing
evidence that fathers are a key source of breastfeeding support
and influence decisions regarding both the initiation [15,16]
and duration [17,18] of breastfeeding and contribute to maternal
breastfeeding confidence [19,20]. Due to the value of this
support, much research has been conducted to define what
contributes to positive paternal support, and how health
professionals can better support fathers [21-23]. Previous
empirical and qualitative studies tells us that fathers want the
following: more education to feel more empowered about their
role in breastfeeding, increased socia support, and help to
overcome specific barriers (including public breastfeeding and
perceived bonding postponement) [22-25].

However, while they are encouraged to, and often do, attend
antenatal classeswith their partners, these classes are generally
directed at the mother, and men feel left out or feel that their
role and their information and support needs are not a priority
[26]. Furthermore, work commitments may limit a man's
involvement in their partner's pregnancy care and the number

http://pediatrics.jmir.org/2019/1/e12157/

of antenatal classes and appointmentsthat they can attend [27].
Information and support, therefore, needsto be targeted toward
men in away that is appropriate and readily accessible [27].

M aobile Technology and Health Promotion

Electronic and mobile technology offers public health
researchers unique opportunities to reach people with health
information and tailored interventions with awide reach and at
alow cost. Parents have traditionally accessed the internet for
information on pregnancy and early parenting [28,29], but newer
digital mediainformation sources, such asappsand social media
platforms, areincreasingly being used [28,30]. Men are seeking
information about parenting and infant care (including
breastfeeding), supporting and improving their relationship with
their partner, and managing stress [29]. They are accustomed
to ready and immediate access to information using digital
technologies and want better access to information than that
offered by health professionals [28]. Mobile technology can
provide the user with accessible information despite
geographical distance or time constraints, and the immediacy
of this technology provides users with information when it is
most needed [28]. Peer support can be provided through
app-based and Web-based forums and can assist the transition
to fatherhood by providing fatherswith the opportunity to share
information and experiences, mutual support, and the recognition
that they are not alone with their problems [31,32].

Although digital technologies, including mobile apps, targeted
at mothers have been used successfully to improve breastfeeding
outcomes [33], there were no digital technology—based
breastfeeding interventions specifically targeting fathers at the
time this research was conceived. Smartphone ownership is
almost universal (89%) among Australian adults across men
and women [34]. The Milk Man app was conceived as a hovel
way of delivering targeted breastfeeding information to fathers
in a readily accessible format. Little was known about how
fathers would receive and use such an app. Thereis a growing
consensus that the concept of engagement in digital health
interventions encompasses a range of metrics including both
usage and reported experience [35]. This paper adds to the
evidence by describing the process evaluation of the Milk Man
app, investigating which of the app engagement strategieswere
effective in motivating and engaging users in app use by using
acombination of datafrom the app analyticsframework aswell
as self-report data from a questionnaire.
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Methods

TheMilk Man App

Milk Man was a mobile app designed to provide fathers with
information and support about breastfeeding and was devel oped
to be trialed in the Parent Infant Feeding Initiative (PIFI), a
4-armed factorial randomized controlled triad (RCT;
ACTRN12614000605695) [36]. The PIFI study aimed to
examine the impact on breastfeeding duration of 2 separate
father-focused breastfeeding interventions (a male-facilitated,
father-focused, antenatal breastfeeding class and the Milk Man
app) both in isolation and in combination, compared with a
control group that received usual care.

The app’s design and development have been described
previously [37]; in brief, Milk Man was developed based on a
best practice approach [38] that involved development by a
multidisciplinary team, in consultation with new and expecting
fathers and was based on the social cognitive theory [39]. A
range of sophisticated engagement strategies, designed to
encourage fathers to start and continue using the app, were
employed. The app contained acomprehensive evidence-based
information library presented in a colloquia and light-hearted
manner. The library included information about awide variety
of breastfeeding-related topics and broader parenting topics,
posted by the research team, that were designed to encourage
fathersto read theinformation in thelibrary. A list of thelibrary
headers has been included in Multimedia Appendix 1.

Fathers were placed into a group with others at a similar
perinatal stage to facilitate relevant conversations. The
conversation aso used polls comprising multiple-choice
guestions, where users could choose an answer and view the
aggregated responses of other users. Biweekly push notifications
were used to aert the fathersto new content being added to this
conversation and to remind them to check-in. The notifications
were sent around lunchtime, and it read as follows: there's a
new conversation starting. Users could swipe the notification
to be taken directly to the new content in the conversation. The
conversation forum was monitored by researchers throughout

Figure 1. Milk Man onboarding screenshots.
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the study [31]. The app’s engagement strategy was underpinned
by gamification. Gamification e ements, such as points, badges,
and leaderboards, were integrated into the app, and fathers
received virtual rewards in the form of points for completing
the actions the researchers wanted to encourage, such asreading
articlesand commenting on forum posts. A 2-tiered leaderboard
system was introduced whereby participants could see their
position on the leaderboard, both within their own group and
within the whole cohort. Figure 1 shows the introductory
onboarding screens shown to users when they first opened the
Milk Man app, explaining the various components of the app,
including the library, conversation, points, badges, and
leaderboards.

Participants

Participants were recruited directly by members of theresearch
team from hospital-based antenatal classesin metropolitan Perth,
Western Australia, between August 2015 and December 2016.
Coupleswere€ligibleto participate if they owned acompatible
smartphone (iOS or Android), lived in Western Australia, had
internet access, spoke English, and if both parents intended to
coparent their child. Signedinformed consent was obtained face
to face from both fathers and mothers at the time of recruitment.
The study was approved by the Curtin University Human
Research Ethics Committee (HR 82/2014; May 14, 2014).
Study Design

Fathers randomized into either of the 2 intervention groups that
had accessto the Milk Man app were provided with instructions
on how to access the app. There was no prescribed usage;
participants were asked to use the app as they would use any
other app. Fathers had access to Milk Man from when they
signed up for the study (at an average of 32.5 gestational weeks)
to 26 weeks postpartum. Questionnaire data were collected at
recruitment and at 6 and 26 weeks postpartum. Preliminary
analysis of the data revealed that app usage was the highest in
the first 6 weeks and declined thereafter and that little new
information was obtained from the 26 weeks questionnaire.
Hence, this study reports results to 6 weeks postpartum.
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Process evaluation describes the implementation of an
intervention and seeks to understand how the study functioned
and how participants reacted [40]. A comprehensive evaluation
plan was developed for the study that has been described
previously [41]. On the basis of a framework developed by
O'Grady et al [42], the evaluation plan outlined evaluation
indicators over 5 distinct focus areas: people, content,
technology, computer-mediated technology, and health system
integration. The results of the process evaluation are presented
according to these 5 areas of focus that are briefly defined
below:

«  People: Fathers perspectiveson the app including intentions
and motivators for use and satisfaction with the app.

- Content: The library content built into the app and the
dynamic user-generated content in the conversation forum.
User’ perspectives on the key engagement strategies are
also included in this section including gamification and
push notifications.

- Technology: This refers to describing and monitoring the
software that was created to run the app, including tracking
how participants used the app and the response of the
software to operating system updates for the duration of
thetrial.

- Computer-mediated technology: This refers to the
interaction of the users and the app interface and whether
this supported community interaction. It includes examining
how easy it was for participants to locate information and
the usability of the app and the user perspectives on the app
in general.

« Health system integration: The impact the app had on the
participants’ use of other services. These were measured
through app-originated visitsto external service provider's
websites.

Quantitative evaluation data were collected from 2 different
sources, a custom-built app analytics framework and a
Web-based questionnaire, the link to which was sent to fathers
via an email at 6 weeks postpartum. The analytic framework
was embedded in the Milk Man app, and it recorded user actions
performed in the app over time. These actions included app
opens, the article reads, and engagement in the gamification
and conversation forum. The framework allowed for more
fine-grained analysis and data matching as compared with other
commercialy available frameworks and was integral to the
ongoing monitoring of the robust process eval uation indicators.

http://pediatrics.jmir.org/2019/1/e12157/
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The questionnaire sought the fathers' perspectives of the Milk
Man app. The questions were specific for this study and were
guided by the key items that have been identified as important
in app quality—engagement, functionality, aesthetics,
information, and personal opinion [43]. Most questionsrequired
respondents to indicate on a 5-point Likert scale the degree to
which they agreed or disagreed with a statement related to the
usability and acceptability of the app, with some additional
guestions presented as an open text response or amultiple-choice
guestion. To reduce participant burden, none of the questions
in the questionnaire were compulsory to answer, and the
denominators presented in this paper show the actual humber
of respondentsto each individual question. Qualitative responses
to open-ended questions are used as quotes to illustrate the
sentiments of app users. The questions asked about the Milk
Man app are included as Multimedia Appendix 2.

Results

Participant Characteristics

A total of 1426 coupleswererecruited to the RCT, with 51.19%
(730/1426) of couples being assigned to an intervention group
with access to Milk Man. Of these, 80.3% (586/730) of the
fathers downloaded the Milk Man app, providing app analytics
data. Thefatherswere asked to provide the date of birth of their
baby, and this was needed to enable the 6-week questionnaire
to be sent out and for mapping of the analytics over time. A
total of 76.6% (559/730) and 60.1% (439/730) of the fathers
completed the basdline and the 6-week questionnaires,
respectively. Figure 2 shows the participant flow in the study.

A summary of baseline demographics for those with access to
Milk Man is presented in Table 1. The median age of fathers
(33.0years) was similar to that of Australian fathers of newborn
children (33.3 years) [44]. Most of the PIFI cohort (66.2%) were
born in Australia, which also mirrors the general population
(67%) [45]. However, they were more highly educated than the
general population as only 25.4% of Australian men aged
between 20 and 39 years have completed a Bachelor’s degree
or higher [46].

Process Evaluation Indicators

For clarity of reporting, throughout the Results section,
participants are referred to as respondents when data derived
from the questionnaires completed at 6 weeks are reported, and
as users when data collected from the app analytics framework
are reported.
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Figure 2. Participant flowchart. PIFI: Parent Infant Feeding Initiative; DOB: date of birth; Q: Questionnaire.
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Table 1. App group participant demographic characteristics.
Characteristic Parent Infant Feeding Initiative, n (%)
Age (years; n=559)
<30 97 (17.3)
30-34 249 (44.5)
35+ 213(38.1)
Education (n=550)
High school or trade certificate 201 (36.5)
Undergraduate university education or higher 349 (63.5)
Country of birth (n=551)
Australia/New Zealand 365 (66.2)
United Kingdom/Eire 69 (12.5)
AfricalMiddle East 39(7.1)
Asia 39(7.1)
Other 39(7.1)
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People

The mgjority of fathers responding to the 6-week questionnaire
(367/390, 94.1%) indicated that they had downloaded the Milk
Man app. The most common reasons given by respondents for
not downloading the app were either too busy or just not gotten
around to it. Motivators for using the Milk Man app are
described in Figure 3. Push notifications were the highest
reported motivating factor (n=164). Thiswasfollowed by liking
seeing what other dads had written (n=129) and the need to find
information (n=109).

Overall, respondents’ perspectives on the app were positive. In
total, 247 of 296 responders (83.4%) agreed that the app was
easy to use, and 231 of 296 responders (78.0%) said the visual
design was appealing. Two-thirds of respondents would
recommend the app to other fathers (199/296), and 59.0% of
respondents agreed that it was interesting or fun to use
(170/288). In terms of actual breastfeeding support, 54.6% of
respondents (161/295) agreed that the app had made them more
aware of how they could help with breastfeeding, and asimilar
proportion of respondents (160/296, 54.0%) indicated that the
app had led to discussions with their partner.

Content

Information Library

App analytics data showed the range of library articles viewed
by userswas 0 to 79 (mean 11.46 per participant, SD 13.7). All

White et a

except 1 of the most frequently accessed articles were linked
to viaaconversation topic. Many of thelibrary articles contained
links to external sources including websites and YouTube
videos. Users followed unique links to external sites (not
including multiple visits to the same link over time) between 0
and 43 times. The average number of uniquelinksfollowed per
person was 3 (SD 5.3). Thetop 10 most followed linkswere all
associated with topics in the conversation forum, either by a
direct link from the topic or from alibrary article thetopic linked
to.

Overall, responses to the 6-week questionnaire, regarding
perspectives on the library, were positive and demonstrated
value to respondents. Two-thirds of respondents reported that
they found the information easy to find (201/297, 67.7%) and
that the links were appropriate and useful (194/296, 65.5%).
The following comments from the 6-week questionnaire
reinforce these results:

The information was useful and especially links to
other websites and organisation[s] .
It's helpful to have information at your fingertips.

Informative, fun and covers different areas of
breastfeeding.

Figure 3. Motivators to use app (respondents could choose more than one response).
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A total of 72.3% of respondents (214/296) said that they |earned
new information from thelibrary, whereas 78.4% of respondents
(233/297) trusted the information. However, only 23.6% of
respondents (70/296) reported using the app when they needed
to find information, and 57.6% of respondents (171/297) agreed
that the library contained enough information. The following
comments were received from the fathers in the 6-week
guestionnaire:

Maybe more content in the LIBRARY that doesn't
necessarily focus as much on breastfeeding but on
other newborn baby facts/i ssues/problems/events.

It'sactually very good likeit is. More contents would
be good though.

Conversation

Thetotal number of comments posted in the conversation forum
by users was 1126. The number of comments made by each
participant ranged from O to 57 with an average of 2.21 (SD
5.246). Thefathers used the conversation to offer and seek social
support, to source connection and information, and to share
experiences. Users voted on polls 3096 times.

The fathers were asked their perspectives on the conversation
section of the app. The responsesto each of the questionsin the
6-week questionnaire are displayed in Table 2. Overall, 63.0%
of respondents (186/295) agreed (choosing to agree or strongly
agree) that it was good to hear from other dads; however, only
29.9% (89/297) agreed that they found the conversation
engaging. In addition, 37.1% of respondents (110/296)
reportedly returned to the conversation after first viewing the
topic to seeif there were any new comments in the thread.

Respondentsto the 6-week questionnaire were al so asked about
the impact the app had on generating conversations. A total of
54.1% (160/296) said that the information in the app had led to
conversationswith their partner, and 52.5% (156/297) said that
the conversation forum itself had prompted discussions. These
results were more pronounced for those who used the app for
alonger period. Of those respondents who had stopped using
Milk Man before 6 weeks postpartum, 38.3% (54/141) said that
the conversation forum had prompted a discussion with their
partner, compared with 65.4% (102/156) who were still using
it at 6-weeks postpartum. Similarly, only 34.3% (48/140) of
respondents not using the app at 6 weeks postpartum said that
theinformation in the app had prompted a discussion, compared

Table 2. User perspectives on the conversation.

White et al

with 71.8% (112/156) who were still using the app. Respondents
also provided commentsindicating that the app was raising new
information:

[Good for] generating discussion for something not
normally considered.

[I liked] Different topics provided that fathers may
not have thought to discuss or read up on.

Due to the way fathers were grouped depending on when their
baby was due, the sizes of some of the conversation groupswere
quitesmall (group numbersranged from 16 to 47), and the small
numbers in some groups impacted the level of conversation.
Several of the fathers noted that having an active researcher
participating in the conversation could be of benefit:

It's pretty quiet in there, hardly any interaction to
comments. Need to get someone in there to reply to
comments, get things going a bit in there.

The community is either not big enough or | am
limited to only being exposed to what my own group
posts. | find most of the time the conver sation sections
are empty. | post something and rarely does anyone
else respond. | am 11th in the leaderboard and feel
| have barely contributed. The people above mel have
basically never seen post so maybe they used it a
while ago and have since stopped?

Other suggestions for increasing collaboration included
incorporating threaded replies and increasing the number of
polls. A total of 4 fathers suggested incorporating aface-to-face
aspect would be beneficial aswell:

I think the app would work better if you had met the
other dads a few times.
A real-world meetup would be nice as well - over a
couple of beers.
The conversation was also one of the most commonly cited
aspects that the fathers liked about the app. Some fathers
reported that the conversation had helped them feel less alone
and had created a sense of community. Othersreported enjoying
the polls, talking to others, and the humor:

Hearing from other dads; the community feel.

Helpful tips from other blokes who are in the same
position.
It'sareminder that I'm not alone!

User perspectives on Milk Man Conversation Forum Agreeor strongly agree, Neither agree nor disagree, Disagree or strongly disagree,
n (%) n (%) n (%)

| find the conversation engaging (n=297) 89 (29.9) 125 (42.1) 83(27.9)

It was good hearing from other dads (n=295) 186 (63.0) 84 (28.5) 25(8.5)

| sometimes returned to the conversation to seeif there 110 (37.2) 88 (29.7) 98 (33.1)

were any new comments (n=296)

| trusted the information in the conversation (n=297) 89 (29.9) 170 (57.2) 38(12.8)

| have acted on advice that | have read in the conversation 57 (19.2) 149 (50.1) 91 (30.6)

(n=297)
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Push Notifications

The most common thing that motivated the responders to the
6-week questionnaireto use the app wasreceiving the biweekly
push notifications. Thisis reinforced by app analytics data on
the usage of the app showing consistent spikes in activity on
the days new content was added to the conversation and the
push notifications were sent out. The usage over a 1-month
periodisdisplayed in Figure 4, demonstrating consistent spikes
in activity on the days push natifications were sent out. This
usage was typical of what was observed throughout the study.
The average number of times that users swiped into the app
from the push natifications was 2.5, and this indicated that
although the swipe function was not highly used, the push
notifications were atrigger for app use.

Gamification

Users earned points for their level of participation with the
different components of the app. The number of points achieved
by usersranged from O to 153 with an average of 22.24 per user
(SD 25.6). Badges were another feature of the gamification
strategy and were earned for completing certain actions. The
most commonly achieved badges were as follows: voting on 5
polls (n=231), reading 10 articles (n=195), posting their first
comment (n=187), opening the app 5 weeksin arow (n=184),
and voting on 10 polls (n=155).

For those who were still using the app at 6-weeks postpartum,
approximately one-third of respondents said that the
gamification elementswere encouraging that use. Thisincluded
earning points (64/156, 41.0%), earning badges (54/156, 34.6%),
and their position on the leaderboard (43/154, 27.9%). Those
who had stopped using the app before completing the 6-week
guestionnaire were significantly less likely to agree that any of
the gamification functions encouraged their use (P<.001).

Figure 4. App usage over a 1-month period.
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There was a diverse range in respondents opinions on the
gamification. Some fathers reported enjoying the gamification
elements and said that aspects of it actively encouraged their
continued use of the app, with some reporting that it was their
main motivator:

Have you seen my points? I'mtotally kicking ass.

[I'liked] the competition aspect.
Others, however, did not like it and some respondents reported
that it discouraged their use of the app. The following comments
were posted in response to the open-ended questions asking
what respondents liked about the app, and what could improve
it:

Make it a little easier to earn points and badges, at

least initially, to motivate use.

Review the points system as having points for people
liking your comments etc creates scenarios of people
making comments for the sake of it to get points.

Change out the leaderboard style for one where
people earn status credentials, where peopl€e's
credentialsarelisted next to their name on posts. E.g.
such as how's it is done with reviewers in
Amazon. Personally | do not want to be listed on a
leaderboard on this kind of app; it didn't encourage
me to use the app.

Technology

The app was built for the iOS and Android platforms and
included a customized app analytics framework that tracked
how and when individual fathers were using the app over time.
Figure 5 shows the aggregated total number of unique daysthe
app was opened each week, ranging from 10 weeks before birth,
to 6 weeks after the birth of their baby. The graph shows that
the highest usage of the app by fathers was in the week their
baby was born.
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Figure5. Unique days app was opened over time.
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Gestation weeks (with 1 being baby's first week of life)

During the implementation of the study (24 months), therewere
4 operating system updates (2i0S and 2 Android), and the app
required updating atotal of 4 times. A detailed log was kept of
each technological event that happened over thetrial period and
the impact it had on the app intervention and app users. There
were 2 major technological events that had an impact on the
app during the intervention. The first was the retiring of the
Parse service that was hosting the backend of the app, resulting
in the need to migrate the backend to another hosting service
midtrial. The second was the identification of a bug that
prevented some users from viewing the conversation. Close
monitoring of the analytics framework during and after these
events demonstrated minimal impact on participants’ use of the
app and on the trial.

Computer-Mediated Technology

Findability, usability, and functionality are important concepts
in information technology. Over two-thirds of respondents
(199/297, 67.0%) agreed or strongly agreed that theinformation
was easy to find within the app. A total of 83.4% (247/296) of
respondents said that they found the app easy to use, and 78.0%
(231/296) agreed that the visual design was appealing.

These findings were reinforced by qualitative data from the
guestionnaires. When asked what they liked about the app,
comments about both the design and the ease of use were
common. Of the 139 open-ended responses received, 23
specifically referenced the app design in a positive manner, and

http://pediatrics.jmir.org/2019/1/e12157/
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31 said they liked how easy the app wasto use. Comments about
the design of the app covered specific features such as the
graphics, the visual design, the general layout, and how well it
worked:

Well designed and very engaging.
| have no interest in the points thing but | thought it

was good stuff, well done. | thought the app wasreally
well put together.

Easy to use right on your smart phone to check

regularly.
In considering the collaboration of the community, when
examining responses to open-ended questions asking the fathers
what they liked about Milk Man, many respondents (38/139,
27.3%) made specific suggestions for improving the
conversation that would better support interaction and
collaboration. The most common suggestion wasfor thefathers
to be able to start their own conversation topics, as this was not
available during the trial, and fathers could only comment on
researcher-generated content:

Also, changing the format of the CONVERSATION
aspect to maybe allow users to create their own
conversation and polls on particular topics that they
might be seeking guidance or support on.

A chat section where we can start conversations or
ask questions and answer each other’s questions. At
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the moment we can only talk about what Milk Man
posts.

Health System Integration

Health system integration representsthelarger system in which
the intervention is being implemented. This was measured at
the process evauation level by examining how the app
facilitated accessto other services. Usersused the app to access
the websites of other health organizations atotal of 912 times.
This includes government and nongovernment health
organizations. The 2 most common websites visited were the
Raising Children Network (329) and the Australian
Breastfeeding Association (264).

Discussion

Principal Findings

Thefindings described in this study demonstrate both the usage
and user perspectives of the Milk Man mobile app. One of the
strengths of this study isthat app usage was not prescribed. The
fathers were asked to use the app as they would use it in rea
life rather than, for example, being asked to spend a certain
number of hours using it each week. This resulted in a wide
variance in usage patterns, which is likely to reflect areal-life
situation. The process evaluation provided 7 key insights:

- TheMilk Man app intervention is an acceptabl e approach,
and the weeks immediately around the time of their baby’s
birth may be a key time to reach fathers with information.

«  Theconversation forum emerged asthe hub of app activity;
however, there are ways it could be strengthened.

- Push notifications were an effective way of encouraging
engagement.

« Thelibrary was well received and trusted, but the fathers
wanted additional and more comprehensive information.

- Gamification can be a powerful motivator for usage for
some members of this target group.

- The app showed encouraging results in facilitating
conversations between partners.

«  Working in partnership with the app developer throughout
thetrial was beneficial.

Acceptable Approach

The data show that the Milk Man app intervention was an
acceptable approach and one that the fathers were prepared to
engage with and received value from. User perspectives
confirmed this, with high percentages of fathers agreeing that
the app was easy to use, the visual design was appealing, and
that they would recommend the app to other fathers. The usage
data suggested that the weeksimmediately before and after the
birth of their baby may be a key time to reach fathers with
information. Milk Man is the first breastfeeding app targeted
to fathers, and the research on using digital interventions to
reach new fathersisinitsinfancy. Thisfinding of acceptability
is important as other studies have demonstrated that while
fathersareimportant in providing breastfeeding support to their
partners, they can sometimes feel that antenatal education is
not targeted to them [25,47,48].
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The Conversation Forum Was Central

There was little in the literature to suggest how fathers would
use a breastfeeding conversation forum; however, the forum
emerged as the focal point of the app. When asked what
motivated them to use the app, liking seeing what other dads
have written was the second highest motivator. Almost all the
most read library articles and external links followed from the
app originated from links within the conversation forum. Our
team has previously reported how fathers have used the app to
seek and offer social support [31]. This finding is consistent
with that of other researchers who have reported that fathers
use parenting forums to find emotional support [28], with
parenting websites being particularly helpful in supporting
men'’s transition to fathering [49].

Whereas the conversation was clearly important, some of the
overall perspectives on its value were relatively low. Although
63% of respondents said it was good hearing from other dads,
only 30% found the conversation engaging, and only 30%
trusted theinformation in the forum. There arereal opportunities
to explore further how this forum could best work on a
population level, and participants had some suggestionsfor how
toimproveit.

The main suggestion was the ability for fathers to start their
own conversation topics. Several fathers also suggested that
having an active researcher participating in the conversation
could be beneficial. Electronic coaching has been demonstrated
as apromising approach to healthy lifestyle interventions [50],
yet littleis known about how thiswould impact afather-focused
perinatal intervention. Having an active peer-facilitator
embedded in the app may help to start conversations, to answer
respondents, and increase opportunities for conversations and
support. A higher percentage of fathers commented in the Milk
Man conversation forum as compared with what has been
observed in other studies[31]. Trialing the app on apopulation
level will increase the number of fathers in each group and
potentially impact the level and quality of conversation.

Push Notifications

The push notifications proved to be an effective way of
encouraging engagement with a mobile app and the analytics
data show that there was increased app activity on the daysthat
new content was added to the app and the push notifications
were sent out. This was reinforced by fathers stating that the
push notifications were the highest factor motivating their use
of the app. Push notifications have been associated with
increased engagement in other studies [51], including with a
workplace health promotion intervention reporting users being
more likely to engage with the app in the 24 hours &fter a
notification was sent [52]. Thereisabalanceto be struck astoo
many push notifications may be annoying and cause people to
turn them off, and too few may cause peopleto lose connection
with the intervention. The Milk Man app sent 2 notifications
each week, however, more may be acceptable, particularly in
the weeks immediately before and after the birth of the baby
when usage was at the highest. More research is needed to
understand the optimal schedule.
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Library

The use of the information in the library section was strongly
associated with the conversation forum. Articles and websites
that contained links from the conversation were more likely to
be highly accessed. The app was useful as a gateway to other
organizations. Thetop 2 external websites visited were national
peak bodies (Raising Children Network and the Australian
Breastfeeding Association) that are sources of credible and
reliable information.

Fathers (79%) trusted the information in thelibrary section, yet
only 25% reported coming to the app when they needed to
sourceinformation. Thelibrary contained information on topics
broader than breastfeeding, including sleep, crying, fatherhood,
and mental health among others. Despitethis, therewasastrong
push for more diverse and greater quantity of content in the
library. Repositioning the app to be both a breastfeeding and
early parenting app may help with this. Recent research with
new and expecting parents in Canada has highlighted the need
for breastfeeding information to be provided in abroad context.
[53] This needs assessment for an infant feeding website found
that fathers most wanted information on the benefits of
breastfeeding, identifying babies cues, how fathers can be
involved and help their partners with breastfeeding, and what
to expect in the early days.

Gamification

Use of the gamification strategy was mixed in this study. Some
fathers embraced it and it was their main motivator for using
the app, whereas others reported that it had an adverse impact.
There were differences in how people perceived gamification,
with participants who were still using the app at 6-weeks
postpartum being significantly more likely to report that the
gamification functions were encouraging use, than those who
stopped before 6 weeks. Other researchers have found that
gamification can positively impact aspects of engagement [54],
and more research is needed to better understand this dynamic
in the context of Milk Man.

This study has shown that gamification can be a powerful
motivator with this target group; however, care needs to be
taken to better understand how its inclusion may impact those
who reported not enjoying it, and the app should include the
option of being fully functional without participation in the
gamification.

Conver sation Between Parents

A key intent of the app was to increase parental self-efficacy
by encouraging communication between parents. This, along
with increasing understanding and knowledge about
breastfeeding, wasimportant in giving parents the toolsto work
together. Throughout the app, the content regularly suggested
that fathers check-in with their partners about different issues.
Over half of the fathers overall said that the information in the
app had led to a discussion with their partner. This was more
apparent for those participants who were still using the app at
6 weeks postpartum. Aiming to keep people engaged with the
app for a longer period may increase the level of discussion
between partners.
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Thefindings from this study showed promising resultsin terms
of fathers discussing or showing their partner something from
the app. Research from atext messaging—based study for fathers
has also found that targeted content delivered in a mobile
intervention can encourage conversation between parents[55].
These are important findings as parents who work together to
prepare for challenges and changes in the perinatal period fare
better in terms of mental health outcomes compared with those
who do not [56].

Partner ship With App Developer

Many researchers have recommended bringing app devel opers
onboard early in the ideation process and involving themin the
project planning and implementation [38,57,58]. Our project
benefited significantly from implementing this recommendation,
and the app devel oper was engaged at the design and ideation
phase of the study and remained ateam member throughout. In
addition, the app developer contributed heavily to the app’s
design and usability, both of which were key factors with many
participants.

Trialing an app over a24-month period isalong time, and there
were severa technological events identified over this time
period, including software bugs and operating system updates.
The customized analytics framework embedded in the app
allowed for fine-grained monitoring of per-user use and early
detection of technical issues. The issues that were identified
could be addressed quickly and smoothly with minimal
disruption to participants and the project implementation. Other
studies have reported difficulties working with app developers
or with technological challenges impacting the study
implementation [59-61]. By engaging app developers as part
of the research team and having them be, in part, responsible
for monitoring the implementation throughout the trial,
technological challengesare morelikely to beidentified earlier
and addressed promptly.

Recommendations

This paper adds significant understanding of on how to
effectively use a mobile app to reach fathers with information
during the perinatal period and has resulted in the following
recommendations for future research:

In developing mobile apps for fathers, considered
engagement iskey. Incorporating regular push notifications
that are carefully timed and linked to new content can be
an effective way of encouraging engagement with amabile
app.

Incorporating user consultation throughout the app
development process and working in partnership with app
developers are important steps.

The weeks immediately around the birth of their child are
likely to be a key time when fathers are receptive to new
information, and more information and support should be
targeted toward fathers at this important time.
Gamification can be a powerful motivator with this target
group; however, care needs to be taken to understand how
its inclusion may impact those who do not enjoy it, and
apps should be fully functional without participating in the
gamification.
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The Milk Man app should bereleased publicly in Australia
to enable research into the impact and the engagement of
fathers on anational level.

To standardize and ensure best practicein app devel opment,
public health researchers should consider broad process
evaluation plans. Researchers should plan ways to closely
monitor the robustness of the technology over timeto ensure
any impact on the intervention is identified and addressed
quickly.

Strengths and Limitations

A strength of this study is the triangulation of robust and
objective app usage data collected from the custom-built app
analytics framework, with more subjective quantitative data
collected from users via a Web-based questionnaire. The
combination of both types of quantitative data was integral in
understanding user involvement in the study and how that
impacted on process eval uation indicators. The comprehensive
approach to reporting on process evaluation provides a
framework that can be adapted by other researchers. A notable
limitation of this study was that not all participants completed
the 6-week questionnaire, which resulted in a gap in
understanding of their motivation to use the app. Having brief
incidental assessments delivered through the app directly could
have been one way of mitigating this loss.

A further limitation relatesto the generalizability of thefindings
asall participants were from metropolitan Perth and were more
highly educated than the general population, which may have
biased the results. In addition, participants were recruited
directly from antenatal classes. As these classes are
recommended by care providers, but not mandated, this may
have introduced abiasin that participants may already be more
engaged with childbirth and breastfeeding than other members
of the target group. Further research needs to be undertaken to
understand the acceptability and impact of this method with
people living outside of the Perth area, with Aboriginal and
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Torres Strait Islander parents, culturally and linguistically
diverse parents, and with other specific populations.

Conclusions

Although this paper does not report on the effectiveness of the
Milk Man mobile app in relation to breastfeeding outcomes, it
does provide useful insights into the effectiveness of the
innovative strategies that were incorporated in the app to
encourage fathers to use the app. As this was the first
breastfeeding app for fathers, little was known about how
participants would interact with the app, and these
comprehensive results will help guide future work in this area
and with thistarget group. There are many different aspectsthat
can affect theimplementation of health promotion interventions
using a mobile app. Having a process evaluation framework
that is comprehensive and specifically focused on areas that
include the robustness of the technol ogy and interaction between
users and the app interface, will provide an overall picture of
usability and acceptability. This was significantly aided by the
custom-built analytics framework embedded in the app.
Reporting process evaluation indicators against a broad
evaluation framework as described here will help researchers
better understand and interpret app intervention studies.

Current research inthisfield highlightsthat fathers areimportant
in breastfeeding, that they want to help support their partners,
and that they need additional information and support. This
study demonstrates that fathers are prepared to seek that
information and support through a carefully designed mobile
app. It was hypothesized that increasing paternal support for
breastfeeding may have a positive impact on breastfeeding
outcomes. This paper describes the way in which fathers used
the Milk Man app; the next stage is to examine the impact of
this on behavior change and breastfeeding outcomes. The
strategi es described here show encouraging resultsin engaging
fathers and the learnings and recommendations from this
research will inform the continued development of Milk Man
to better support families.
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Abstract

Background: Parental reflective functioning (PRF) isthe capacity parents have to understand their own mental states and those
of their children, aswell astheinfluence of those mental states on behavior. Parents with greater capacity for PRF are morelikely
to foster secure attachment with their children. The Parental Development Interview is a gold standard measure of PRF but is
hampered by cogt, training, and length of administration. The 18-item Parent Reflective Functioning Questionnaire (PRFQ-18)
isasimpler option developed to capture 3 types of PRF: (1) prementalizing, (2) parent’s certainty, and (3) interest and curiosity
surrounding a child’s mental state.

Objective: Theaim of this study wasto examine the factor structure and select psychometric properties of the PRFQ in asample
of Canadian parents.

Methods: We examined the factor structure and discriminant and construct validity of the PRFQ-18 among 306 parents

(males=120 and females=186) across Canada; the age range of children was 0 to 12 years. Parents also completed Web-based
measures of perceived stress, parental coping, parenting competence, and social support.

Results: A confirmatory factor analysis confirmed the hypothesized 3-factor structure of the PRFQ-18 providing evidence that
the PRFQ-18 may be a useful and practical measure of PRF in Canadian adults and showed minor revisions may improve the
suitability of the PRFQ-18 for ng PRF.

Conclusions: These results add support for the construct validity of the PRFQ-18.

(JMIR Pediatr Parent 2019;2(1):€11561) doi:10.2196/11561

KEYWORDS
mentalization; parent reflective functioning; questionnaire design; parenting

RF is akin to mentalizing, which is afundamental and intrinsic

Introduction

Background

Decades of research unequivocally demonstrate that reflective
processes enhance parental insight and sensitivity toward
children’s emotions [1-5]. Reflective functioning (RF), first
introduced by Fonagy et a in 1991, describes an individual’s
cognitive capacity to recognize and interpret one's own mental
state as well as the mental state of others to identify and
comprehend the meaning behind behavior [2,6]. Intheliterature,

http://pediatricsjmir.org/2019/1/e11561/

human capacity to regulate affect and attune to interpersonal
relationships [7]. Similarly, maternal mind-mindedness is
described as a mother’s ability to recognize her child as a
separate agent with independent thoughts, experiences, and
emotions[8], and parental insightfulnessisdefined asaparent’s
representation of their child’'sintentions and mental states[3].

Rather than a natural ability, RF isbelieved to develop through
the internal organization of an individual’s understanding of
one's own and other's feelings and behaviors through
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experiences, social and emotional information, meaning making
[2,6], and interactions with primary caregivers [2,6,9]. In
addition, socia interactions, family structure, family size,
parenting quality [9], and environmental responses [10]
influence the development of RF. The development of the RF
neurological function is noteworthy as it provides individuals
with the ability to predict behavior, distinguish between
manifestation and reality, and enhance interpersonal
communications, self-organization [6], and impul se control and
affect regulation [9]. Understanding the development of RF is
crucial, given the relationship between how a parent chooses
to respond to their child’'s needs, which affects the child’s
attachment status [2,4,11] as well as the child's devel opment
and capacity to mentalize [1], and circumscribes the health of
the parent-child relationship overall [5,12].

Parental reflective functioning (PRF) pertains to a parent’s
proclivity to understand and comprehend mental states
influencing their child’s behavior [13], playing acrucia rolein
how parents respond to their child’s needs and feelings [4,14]
and behaviors|[6]. PRF isacore cognitive capacity that connects
parents to their child’s emotions and also to their own early
attachment experiencesin anintegrated way to seetheir parents
experience as distinct from their own and to provide a secure
base for their own children [1,6,7].

PRF is described as an attachment-related concept [15], wherein
parental ability to interpret achild’smental state and the parents
responsiveness, or lack thereof, act asaconduit that establishes
the attachment status of children. In other words, a child's
attachment status is emblematic of the parent’s capacity for
PRF. The interrelationships between attachment and (1) child
psychopathology; (2) inflammation and health; (3) neurobiology;
(4) empathy, compassion, and altruism; and (5) school readiness
have been substantiated [16]. In addition, the quality of
attachment to a parent has been shown to be predictive of
numerous developmental outcomes in children such as general
well-being, self-esteem, social competence with peers,
problem-solving abilities, academic success, behavioral
outcomes, and resilience [17-21].

Parents with high RF who possess clear mentalizing abilities
have a positive influence on the biological, interpersonal,
cognitive, and emotional experiences of the child [1]. They
understand their own mental states and those of their children,
aswell as the influence of those mental states on behavior [1].
In addition, those with high RF are better able to perceive
themselves as parents and their relationships with their child,
therefore seeking out social support [22] and enhancing parental
coping abilities [23].

Initial purposes of PRF measures were to directly measure
maternal representations of their child [24] and the PRF
functions that influence the intergenerational transmission of
attachment [1,4]. The application of PRF measures has expanded
to different contexts such as drug use disorders [25], mothers
with childhood maltreatment [26,27], infant distress [28], and
parenting programs [12,29-33].

Thegold standard narrative-based RF measure assessing parental
representations of their relationship with their child isthe Parent
Development Interview (PDI) [24]. The interview takes
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approximately 2 hours to administer and is audio recorded for
transcribing. The original 45-item PDI scoring processinvolved
atrained coder who utilized narrative data to evaluate RF across
4 factors: (1) awareness of the nature of mental states, (2) the
ability to tease out underlying behavior of mental states, (3)
identifying developmental aspects of mental states, and (4) the
mental states in relation to the interviewer [24]. The PDI has
been revised to a40-item and 29-item measure to assess parent
RF relative to their own child, their parents, and self (personal
communication, A. Slade, January 2016). Trained coders rate
each item on aLikert scalefrom -1 to 9 to produce an RF score
[24]. A limitation in terms of application and use of the PDI is
that the training and coding requirements for the PDI are time
consuming and expensive. Clinicians and researchers may
experiencethese prohibitive factors, making the PDI unattractive
and unredlistic.

As an dternative to the narrative-based PDI, the Parent
Reflective Functioning Questionnaire (PRFQ-18) isan 18-item
self-report measure [13] which examines 3 domains of PRF:
(1) prementalizing modes (PM), designed to capture a parent’s
inability to hold the child’'s mental state in mind; (b) interest
and curiosity in mental states (1C), intended to capture thelevel
of interest in parents thinking about their child’s mental states;
and (c) certainty about mental states (CMS), measuring a
parent’s acknowledgment that their thoughts about their child’'s
mental states are accurate [13]. The main advantage of the
PFRQ-18 isthat it is a brief screening tool of RF designed to
meet the growing demand of measuresto assessthe effectiveness
of interventions to improve parent-child attachment and PRF
[13].

The PRFQ-18 is an open source questionnaire available [34].
Thereis no training requirement; the questionnaire takes about
10 min to complete and the scoring syntax is downloadable.
The questionnaire can be completed on paper or Web-based
andisavailablein 10 languages. Parentsrate each subscaleitem
on a Likert scale from 1 (strongly disagree) to 7 (strongly
agree). The preliminary studies 1 and 2 [13] have provided
evidence supporting the validity and reliability of the PRFQ-18
for measuring PRF.

In Study 1, PRF was examined in mothers with children aged
0 to 36 months [13]. Construct validity of the PRFQ-18 was
supported with a confirmatory factor analysis (CFA) of a

3-factor model with a good fit (x%5=217.73; P<.001;

X?/df=1.77; root mean square error of approximation
[RMSEA]=.05; CI 0.04t0 0.06; comparativefit index [CFI]=.91,
non-normed fit index [NNFI]=.91). Internal consistencieswere
good for PM (.70), IC (.82), and CMS (.75), and discriminant
validity was identified in negative correlations between the
PRFQ-18 factors and demographic features. As expected, PM
was positively correlated to attachment avoidance, attachment
anxiety, and symptomatic distress, whereas |C and CMS were
not.

In Study 2, opposing resultsin the correlations between |C and
CMS were found [13], revealing factoria variance across
mothersand fathers. In contrast to Study 1, correlations between
PRFQ-18 factors and demographic features were nonexistent

JMIR Pediatr Parent 2019 | vol. 2 | iss. 1 |e11561 | p.39
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

or moderately related to the subscales; no relationships were
found between fathers PM, attachment, and symptomatic
distress, indicating differencesin factor loading among mothers
and fathers. On the contrary, Study 2 identified similar
correlations between parenting stress and mothers and fathers.
Parenting stress had negative correlationswith |C and CM S but
positive correlationswith PM on all subscalesincluding parental
competence. Furthermore, in Study 3, the PRFQ-18 was utilized
with the Strange Situation Procedure (SSP) [35]. Preliminary
studiesfound correlations between PM and I1C and the SSP[13],
supporting the notion that a parent’s ability to hold their child's
mental stateisrelated to attachment security. Given that RF has
previously been found to significantly correlate with infant
attachment [2], Study 3 strongly supports the validity of the
PRFQ-18 as an indicator of PRF.

These studies from the originators of the PRFQ-18 provide
some initial information on the psychometric properties of the
PRFQ-18, but further research is warranted to offer an
independent examination of the construct validity of the
PRFQ-18. The purpose of this study was to examine the
construct validity of the PRFQ-18 in a diverse sample of
Canadian parents.

Hypotheses

On the basis of results of existing studies of the PRFQ-18 and
existing conceptualizations for PRF, we tested 6 hypotheses:

1. A CFA will support a 3-factor structure in the PRFQ-18,
illustrating 3 distinct characteristics of RF (PM, IC, and
CMS).

2. Small-to-moderate correlations will exist between the 3
PRFQ-18 subscales.

3. PM will negatively correlate with parental competence; IC
and CM Swill positively correlate with parental competence.

4. PM will positively correlate with parenting stress; IC and
CMS will negatively correlate with parenting stress.

5 PM will negatively correlate with social support; IC and
CMS will positively correlate with socia support.

6. PM will negatively correlate with parental coping; IC and
CMS will positively correlate with parental coping.

7. The PFRQ-18 will demonstrate measurement invariance
between men and women.

Methods

Ethical Approval

Ethical approval for this study was obtained through our
university’s Research Ethics Board. Subjects were then
randomly contacted through SurveyMonkey’s Survey Audience
to participatein astudy of Experiencesin Parenting. The survey
panel memberswererandomly selected, contacted, and screened
by SurveyMonkey, and the authors had no rolein the recruitment
and selection process other than defining the inclusion criteria
for SurveyMonkey. Eligible participants were parents of at | east
1 child living in the home aged 12 years or under. After
screening for eligibility, parents completed the Web-based
PRFQ-18, 4 additional measures, and the demographic data
form, 52 questions excluding demographic data questions. Only
1 parent from each household provided study data.
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M easures

Parent Reflective Functioning Questionnaire

The PRFQ-18[13] isan 18-item self-report measure for parents
with children aged 0 to 5. It measures PRF across 3 domains:
(1) PM (items 1, 4, 7, 10, 13, and 16), (2) IC (items 3, 6, 9, 12,
15, and 18), and (3) CMS (items 2, 5, 8, 11, 14, and 17). Parents
arerequired to rate each subscale item on aLikert scalefrom 1
(strongly disagree) to 7 (strongly agree). The questionnaire is
available from the authors.

Parenting Sense of Competence Scale

The Parenting Sense of Competence Scale (PSOC) isa17-item
self-report measure for assessing parents’ sense of confidence
and satisfaction with their parenting [36]. Owing to poor factor
loading for item 17 (.40), the PSOC was revised to a 16-item
measure to assess parent sense of competence across 2 factors:
(1) satisfaction and (2) efficacy and had good internal
consistency for the total score (.79), satisfaction (.75), and
efficacy (.76) [36]. Internal consistencies were reported .80 for
both efficacy and satisfaction in mothers and .77 for efficacy
and .80 for satisfaction in fathers [37]. Parents are required to
rate each subscale item on a Likert scale from 1 (strongly
disagree) to 6 (strongly agree). Higher scores indicate greater
parenting self-confidence. For our sample, satisfaction internal
consistency estimates were apha=.89 and omega=.92 and
efficacy estimates were alpha=.86 and omega=.90.

Perceived Stress Scale

The Perceived Stress Scale (PSS) [38] is origindly a
self-reported 14-item measure to examine the degree to which
individuals view situations as stressful. The original PSS had
good reiability in 3 preliminary samples (.84, .85, and .86) and
in 2 test-retest samples (.85 and .55). The PSS was | ater revised
to asimple 4-item (items 2, 6, 7, and 14) scale with an apha
reliability coefficient of .60, identifying it to be an adequate
brief measure of perceptions of stress [39]. The PSS requires
individualsto rate 4 itemson a Likert scale from O (never) to 4
(very often). For our sample, interna consistency estimateswere
.68 for apha and .85 for omega.

Medical Outcome Study Social Support Survey

The Medical Outcome Study Social Support Survey (MOS-SSS)
[40] 12-item measure has 4 socia support domains (tangible
support, emotional information support, affectionate support,
and positive interaction) [40]. The MOS-SSS has exhibited
excellent reliability (.94) and good internal consistency for
tangible support (.87), emotional information support (.91),
affectionate support (.88), and positive interaction (.92) [40].
The MOS-SSS requires individuals to rate each subscale item
on aLikert scale from 1 (none of thetime) to 5 (all of the time).
For our sample, internal consistency for the subscales ranged
from apha=.91 to .93 and from omega=.94 to .98.

Parent Coping Scale

The Parent Coping Scale (PCS) [41] is a single item scale to
assess parent’s perception of their own ability to cope with
parenting. A preliminary study of the PCS found strong
intraclass correlation coefficients (.93) and concurrent criterion
validity (.54) with the Parenting Self-Agency Measure [42].
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The PCSrequires parentsto respond to asingle question (“How
are you coping with being a parent these days?’) on aresponse
scale ranging from 1 (I feel | am not coping at all these days)
to 5 (I always feel | am coping really well—things never or
hardly ever get on top of me).

Data Analysis

Data were exported into IBM SPSS 23 for analysis. The data
analysis was conducted in 3 stages. First, data were screened
for outliersand missing data. Outlierswere defined asunusually
influential data or data with unusual or extreme values. For
exampl e, responses outside of possible ranges were considered
unusual. Given the nature of the constrained response options
(eg, Web-based Likert scales), we did not notice any unusual
values. We also examined partial regression plots and did not
notice any outliers. Screening for influential multivariate outliers
was examined with Mahalanobisd-squared in IBM AMOS[43],
and we noted no distinct values indicating influential outliers.
Missing datawere not imputed, given the small rates of missing
data. Second, the hypothesized factor structure of the PRFQ-18
was tested using aCFA in IBM AMOS 23 graphics[43] and R
3.3.2[44]. The CFA wasconducted in the usual iterative fashion
[45], that is, we tested the initial hypothesized factor structure
asindicted in preliminary studies [13] followed by changesto
the model based on model fit, nonsignificance of path
coefficients, and/or substantive suggestions offered by
modification indices. Modd fit was determined by consulting
multiple fit indices, consistent with suggested practice (eg,
[46,47]). We consulted chi-square asaglobal fitindex. Whereas
this is not a particularly useful indicator of the fit of a given
model owing to its sensitivity to sample size, for example (eg,
as noted by Kelloway [48]), it can be useful in terms of model
comparison [47]. Thus, a change in thechi-square value was
used to test the improvement of a given model over a previous
model. Other fit indices included the CFI, normed fit index
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(NFI), NNFI, and RMSEA. Akaike's information criterion
(AIC) was used as another indicator of comparative fit, where
alower AIC indicated a relatively better model fit. As noted,
identifying precise cutoffs for model fit is probably unredistic,
given the behavior of fit statistics under varying conditions
[20,49], asis shown by others[46]. Thus, we interpreted fit by
consulting multiple indices and used a cutoff based upon
adequate fit. Specificaly, a fit of < .08 was deemed adequate
for the RM SEA and Standardized Root Mean Square Residual,
and afit of > .90 was deemed adequate for the CFI, NFI, and
NNFI [49]. Measurement invariance among men and women
was tested using standard procedures [50], for example, using
IBM AMOS 24 [43]. As we were only interested in testing
whether or not the proposed CFA model held good for men and
women, we tested configural, metric scale, and residual forms
of invariance [49]. Finally, the relationships between the
PRFQ-18 subscal es and the subscal es of the MOS-SSS, PSOC,
PSS, and PCS datawere investigated using bivariate correlations
in IBM SPSS Statistics 23. RStudio (using R 3.3.2) was used
to calculate ordinal alpha and omega forms of scale reliability
[51] and to test for structural invariance.

Results

Sample Description

A total of 344 Canadian adult parents (aged 20 to 60 years) with
at least 1 child between the age of 0 and 12 yearswere randomly
sampled through SurveyMonkey's SQurvey Audience. After
screening for eligibility, 317 participants completed the
PRFQ-18 and 306 participants (120 male and 186 female)
completed all study measures. Participant demographics of our
diverse sample are reported in Table 1. Of the 306 participants
who completed all study measures, most parents had 1 (n=106)
or 2 (n=132) children in the home with 68 parents having more
than 2 children in the home.
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Table 1. Demographics of the sample population.

Variable Males (n=120), n (%) Females (n=186), n (%) Tota (n=306), N (%)
Age (years)
20-29 15 (12.5) 33(17.7) 48 (15.7)
30-39 60 (50.0) 91 (48.9) 151 (49.3)
40-49 36 (30.0) 55 (29.6) 91(29.7)
50-60 9(7.5) 7(3.8) 16 (5.2)
Age of child(ren) in household (years)
0-3 36 (30.0) 83 (44.6) 119 (38.9)
4-6 52 (43.3) 64 (34.4) 116 (37.9)
7-9 49 (40.8) 64 (34.4) 113(36.9)
10-12 37(30.8) 65 (34.9) 102 (33.3)
13 and ol der 23(19.2) 45 (24.2) 68 (22.2)
Children in household
Biological 118 (38.6) 184 (60.1) 302 (98.7)
Step 37 (12.1) 52 (17.0) 89 (29.1)
Foster 32 (10.5) 51 (16.7) 83(27.1)
Adopted 32(10.5) 51 (16.7) 83(27.1)
Education
Less than high school degree 4(3.3) 6(3.2) 10(3.2)
High school degree or equivalent 20 (16.7) 26 (14.0) 46 (15.0)
Some college but no degree 11(9.2) 29 (15.6) 40 (13.1)
Technical degree or diploma 26 (21.7) 44 (23.7) 70 (22.9)
Bachelor's degree 44 (36.7) 59 (31.7) 103 (33.7)
Graduate degree 15 (12.5) 22 (11.8) 37(12.1)
Household income (Can $)
0-24,999 6 (5.0) 14 (7.5) 20 (6.5)
25,000-74,999 47 (39.1) 75 (40.4) 122 (39.9)
75,000-124,999 44.(36.7) 62 (33.3) 106 (49.0)
125,000-199,999 18(15.1) 20(10.8) 38(20.3)
200,000 and above 2(L7) 1(.5) 3(L0)
Prefer not to answer 3(25) 14 (7.5) 17 (5.56)

Relationship status

Married 90 (75.0) 131 (70.4) 221(72.2)
Widowed 1(0.8) 1(0.5) 2(L0)
Divorced 7(5.8) 6(3.2) 13(4.2)
Separated 3(2.5) 10 (5.4) 13(4.2)
Common law 12 (10.0) 21(11.3) 33(10.8)
Single, never married 6 (5.0) 16 (8.6) 22(7.2)
Open relationship 1(0.8) 1(0.5) 2(1.0
Residence (province)
Western Canada 32(26.7) 71(38.2) 103 (33.6)
Eastern Canada 86 (71.1) 115 (61.9) 201 (65.7)

Race/ethnicity
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Variable Males (n=120), n (%) Females (n=186), n (%) Total (n=306), N (%)
Asian and/or Pacific Islander 17 (14.0) 34(18.2) 50 (14.7)
African 2(17) 0(0.0) 2(0.6)
Black 1(0.8) 1(0.5) 2(0.6)
Canadian 8(6.7) 14 (7.5) 22 (5.8)
Caucasian 80 (66.7) 117 (62.9) 198 (58.2)
European 3(25) 1(0.5) 4(1.2)
First Nations 0(0.0) 4(22) 4(12)
Latin 1(0.8) 2(L1) 3(0.9)
Middle Eastern 2(16) 2(10) 4(12)
Mixed 3(25) 3(16) 7(2.0)
Prefer not to say 3(25) 9(4.8) 12 (3.5)

Parent Reflective Functioning Questionnair e-18 Factor
Structure

Factor structure analysis of the PRFQ-18 resulted in examining
4 different CFA models (see Table 2) utilizing 317 participants.
The initiadl CFA model testing of the hypothesized 3-factor
structure of the PRFQ-18 (PM, CMS, and IC) resulted in a
reasonably poor model fit, as shown in Table 2. Results of the
initial CFA indicated that Item 11 was not significantly (P=.10)
contributing to the PRFQ-18 measure. To decipher whether or
not the model fit could improve with the removal of Item 11, a
second CFA was conducted. Results in Model 2 found
improvements in the model fit in terms of the fit statistics
reported in Table 2, and the chi-sgquare difference test showed
that the change in the chi-square value from Model 1 to 2 was
significant (chi-square difference=138, P<.001). However,
Model 2 showed alow standardized regression weight for Item
18 (.27). To attempt enhancing the model fit even further, Item
18 was removed in Moddl 3. After testing Model 3, results
identified amore respectable mode fit (see Table 2, chi-square
differencetest=.210 P<.001) and modification indices suggested
a better model fit by adding a covariance between error terms
6 and 9. Adding a correlated error term between the errors for

Table 2. Fit statistics for confirmatory factor analysis models.

items 6 and 9 further improved the model fit as seen in Table
2 (Mode 4, chi-square difference test=52; P<.001). Model 4
resulted in a negative correlation between PM and IC (-.26)
and positive correlations between CMS and IC (.36) and
between CMS and PM (.37), suggesting that the PRFQ-18
measures 3 relatively independent characteristics of PRF (see
Figure 1). On the basis of thismodel, internal consistenciesfor
the PM, IC, and CM S subscales were alpha=.91, .88, and .88,
and omega=.91, .92, and .95, respectively.

A test of measurement variance showed strong support for
invariance between men and women. The test for configural
invariance showed that the same factor model applied for both
men and women (x%,00=435.60; P<.001; RMSEA=.062; 90%
Cl 0.054 to0 .070; CFI=.91; AIC=579.56). M easurement/metric
invariance was al so supported as seenin achangein chi-square,
X*13=8.42, P=.82, and asmall changein CFl of .001. Compared
with the measurement invariance, structural invariance and then
residual invariance showed a change in CFl of less than .001
each. These results show strong support for invariance between
men and women suggesting the tool functions similarly among
men and women.

Model Chi-square  Chi-square/df Root mean Comparative  Normedfit ~ Non-normed fit Akakelnforma- Standardized
(df) square error of  fit index index index (Tucker  tion Criterion Root Mean

approximation Lewis Index) Square Residual
(90% ClI)

Modd 12 703(132)  5.33 0.117(0.109- .81 78 78 781 144
0.126)

Model 2 565 (116) 4.87 0.111 (0.102- .84 .81 .82 639 137
0.120)

Model 3 355 (101) 352 0.089 (0.079- .91 .87 .89 425 .081
0.099)

Model 4 303 (100) 3.03 0.80 (0.070- .92 .89 91 375 077
0.091)

4 nitial model containsall 18 items: Model 2 has Item 11 removed, Model 3 has Items 11 and 18 removed, and Model 4 adds a correlated error term to

Model 3.
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Figure 1. The Parent Reflective Functioning Questionnaire (PRFQ) model without items 11 and 18.
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Intercorrelations Among M easures

Following the CFA, we proceeded to examine the
intercorrelations among study variableswith the revised version
of the PRFQ that does not include items 11 and 18. Complete
data for these analyses were available for 306 participants.

Relationships With Parenting Sense of Competence

Similar to preliminary findings [13], the PSOC demonstrated
arange of correlation results acrossthe PRFQ-18 subscales (see
Multimedia Appendix 1). Negative correlations were found
between PM and satisfaction (I ges=—-65; ltemaes——-50) and
efficacy for females (lramaes——-14). This suggests that parents
with an inability to hold their child’s mental state also have a
lower sense of satisfaction with their parenting and a lower
sense of efficacy for mothers. As expected, the IC subscale was
positively correlated with efficacy (fmges=-44; Memaes—-28) but

http://pediatricsjmir.org/2019/1/e11561/

Pre mentalizing )

Interest and
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Certainty of

mental states

not with satisfaction. These results indicate that parents with
relatively higher levels of interest and curiosity in their child’'s
mental state also have relatively higher levels of satisfaction as
a parent and perceptions of parental competence. Finaly, the
CMS subscale had positive correlations with both satisfaction
in men (rge=-21) and efficacy for both men and women
(rmaes=-43; lMemaes™ -32). This showsthat parents who are more
certain of their child’'s mental states report more efficacy for
the parenting role. Furthermore, for fathers, more certainty
around mental states was associated with more satisfaction
around being a parent.

Relationships With Stress

Consistent with preliminary findings [13], both the IC
(Mmaes=-17; Memaes— -09) and CM S (I'1aes=—-16; Itemaes——-13)
subscal eswere negatively correlated with stress, but these were
not significant. On the contrary, PM was positively correlated
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With stress (ges=-30; Memaes=-27), that is, those reporting higher
levels of stress had a relatively higher inability to hold their
child’s mental state, as expected.

Relationships With Social Support

As expected, correlation results from the MOS-SSS subscales
varied across the PRFQ-18 subscales. The PM subscale was
negatively correlated to tangible support (rges——-27;
Memaes——-13), emotional information support (rnges——-21;
lemaes=—-24), affectionate support (ryges=—-24; Mamaes——-28),
and positive interaction (Iges=—-23; ltemaes——-23) subscales.
That is, those reporting less social support tended to report
higher levelsof prementalization. ThelC subscale was positively
correlated to tangible support (fmges=-27; Mamaes—-17), €motional
information support (rmaes=-19; fremaes— -19), afectionate
sSupport (Fmaes=28; Memaes— -22), and positive interaction
(Fmales=-22; Temaes—-19) subscales. Thus, those with relatively
more socia support reported higher levels of interest and
curiosity intheir child’s state of mind. Findly, the CM S subscale
also had positive but nonsignificant correlations with social
support subscales.

Relationships With Parental Coping

In line with our hypothesis, the PCS had positive correlations
with IC (rma|$=.37) and CMS (rmd$=.33; rfem3|6=.14) and
negative correlations among PM (rae=—-21; lfemaes——-28; see
Multimedia Appendix 1). In other words, those with arelatively
high ability to cope with parenting also display better levels of
mentalization than those with arelatively lower ability to cope.

Relationships Between Maothers and Fathers

Interestingly, key findingsidentified avariety of commonalities
between mothers and fathers. Both mothers and fathers had
negative correlationsamong PM (I ge=—-65; ltamaes=—-50) and
satisfaction. In addition, both mothers and fathers had positive
correlations between both | C (14 es=-44; emaes— -28) and CM S
(rmales=43; Memaes= -32) with efficacy. On the contrary, mothers
had negative correlations (rignaes=—-27) and fathers had
nonsignificant correlations between PM and efficacy. In
correspondenceto preliminary findings[13], we found positive
correlations among PM (rnaes=-30; lemaes—-27) and parental
stress for both mothers and fathers [13], that is, a higher
perceived stressful situation was associated with  low
mentalization in parents. In addition, both mothers and fathers
had negative correlations between PM and social support
subtypes. The exception was tangible support which was not
related to prementalization in women. Overall, parents with
more social support tended to have higher levels of RF. Finally,
results showed negative correlations within PM and parental
coping but only positive linkswith IC in fathers. Overall, these
findings suggest that parents with high RF capabilities are better
able to cope with parenting but that the type of RF related to
coping might vary between mothers and fathers.
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Discussion

Overview

The PRFQ is a brief self-report instrument designed to assess
parent RF capacities [13]. Support for the validity of the
PRFQ-18 has been presented previously in mothers and fathers
[13]. To date, we have been unable to find any independent
studies examining the factor structure and testing the
discriminant and construct validity of the PRFQ-18. This study
intended to further test the factor structure by means of a CFA
and to expand the discriminant and construct validity of the
PRFQ-18 by exploring relationships between this measure and
the MOS-SSS, PCOS, PCS, and the PSS in a Canadian sample
(n=306) of parents of children aged 0 to 12 years.

Results of this study extend and replicate earlier findings of the
PRFQ-18 factor structure. Specifically, the CFA supported a
3-factor structure capturing key characteristics of RF. (1)
prementalizing, (2) interest and curiosity, and (3) certainty of
mental states. In addition, our results suggest items 11 and 18
may not be contributing to the measurement of PRFQ-18.
Interestingly, items 11 and 18 are negatively worded and when
removed, improved the PRFQ-18 model fit changes from poor
to acceptable, asindicated in the fit measures. This may not be
surprising asamix of negative and positively worded items has
the potential to cause problems as positively and negatively
worded items may not be measuring the same underlying trait
[52]. Taking this into consideration, it seems the removal of
items 11 and 18 may be appropriate when using the PRFQ-18
in the future. Weak loadings for items 11 and 18 were aso
reported in preliminary studies [13]. However, given the early
state of the PRFQ-18, 2 items in the PRFQ-18 were removed
[13]. Our results suggest that it may be prudent to conduct
further research examining the mode! fit of the 16-item measure
reported here.

Validity Evidence

In terms of predictive and discriminant validity, the PRFQ-18
subscal eswere correlated with the MOS-SSS, PCOS, PCS, and
PSS subscales in the expected directions, that is, the PRFQ-18
subscaleswere generally found to correl ate with perceived social
support, parental competence, and parent’s perceptions of coping
abilities and stressful situations in the right direction.
Furthermore, the intercorrelations among PRFQ-18 subscales
were low-to-moderately correlated, supporting a relative
distinction among these subtypes adding support to the notion
of 3 separate PRF concepts.

In terms of the PRFQ-18 construct validity support,
prementalizing had negative correlations with coping, efficacy,
and forms of socia support. This result is similar to findings
that individuals capable of perceiving themselves as parents
and their relationships with their child will seek out social
support [22]. In addition, PM was seen to have a positive
relationship with satisfaction and perceived stress. Theseresults
are comparabl e to findings that identify parentswith low RF as
being unable to imagine the type of support they would need
and if it would be available [23].
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Theoretical Explanations

Interestingly, our results identified IC as positively correlated
with parental coping, emotional information support,
affectionate support, positive interaction, tangible support, and
efficacy. These outcomes match findings that suggest parents
with greater level s of parenting coping abilitiesand an awareness
of stressdisplay higher levels of RF, influencing how they feel
about their parenting capabilities [23]. On the contrary, |C was
negatively correlated to perceived stress and satisfaction, that
is, aparent’s awareness and curiosity of a child’'s mental state
is relatively low among those reporting higher levels of stress
and dissatisfaction with their parenting. These results are
consistent with research and theory arguing that stress canimpair
one’'s mentalization [53]. This consistency adds construct
validity support to the PRFQ measure.

Furthermore, CM S was positively correlated with satisfaction,
efficacy, socia support types, and coping. Theseresults confirm
that aparent’s perception that their thoughts about their child’s
mental states are accurate contributes to their feelings of
satisfaction, parental competence, and ability to manage and
cope with parenting. In contrast, CMS was found to have
nonsignificant negative associations with perceptions of stress.
This suggests that stress may have less of an impact on this
form of RF. This result requires further study, as it may speak
to how specific forms of RF operate under different
circumstances. In sum, our results show that PRFQ subscales
are generaly related to other social cognitive variables as one
would expect based on the literature, adding support for the
construct validity of the measure. Although the PRFQ-18 is a
fairly new measure within the field of psychology [54], our
results are consistent with those reported in preliminary studies
[13].

Finally, we identified both similarities and differences among
mothers and fathers in terms of PRFQ correlates. In general,
both mothers and fathers with high RF had lower levels of
parental stress and more socia support, satisfaction, efficacy,
and better coping. However, some differences in terms of how
RF operates in terms of coping and competence among men
and women were noted here. Specifically, men who reported
good coping with parenting reported moreinterest and curiosity
intheir child’smental state, more certainty around understanding
their child's mental state, and better mentalization. Another
notabl e difference was the rel ationship between parental efficacy
and PM. Women with more parental efficacy had lower levels
of PM and, thus, better mentalization. In contrast, PM was
unrelated to a father's efficacy. For women, good coping was
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primarily related to better mentalization, as seen in lower PM
scores. However, for fathers, satisfaction with parenting was
strongly negatively correlated with PM, showing that fathers
with a great deal of satisfaction with being a parent also have
a better ability to mentalize.

Limitations and Future Directions

Advantages of self-report measures include time efficiency,
cost-effectiveness, and ease of administration. Self-report
measures are reported to be valid measures in examining
cognitive constructs, emotions, and moods [55]. However, one
issue concerning self-report measures is the level of insight
required from an individual [55]. Other cautions against
self-report measuresinclude potential inaccuracy in participants
answers and various response styles influencing results [56].
To further support the validity of the PRFQ-18 and to alay
concerns about the PRFQ-18 being aself-report measure, future
research should consider including a gold standard measure
such as the PDI to compare these results observed here to
uncover if the PRFQ-18 can offer insights similar to the current
gold standard measures. In addition, thisresearch would provide
more evidence asto thereliability and validity of the PRFQ-18.

A limitation of thisstudy isthereliance on apreexisting survey
panel. Whereas this method allows for easy access to a wide
cross-section of Canadians, the survey panel may differ in
unknown and important ways from a true random sample of
Canadians. If future research could replicate these findings in
arandom sample of Canadians recruited through other means,
we would have increased confidence in the findings in this
study.

Ideally, an independent sample should be used as a follow-up
to our CFA to determine the extent to which PRFQ-18 subscales
are related to theoretically meaningful constructs. However, a
follow-up study should attempt to replicate our findings to see
if theremoval of items 11 and 18 is supported in other samples.
Considering the preliminary studies had similar findingsto this
study [13], we would expect thisresult to hold. In this study of
parents with children aged 0 to 12 years, we found evidence
supporting the construct validity of arevised PRFQ); however,
it is possible that the PRFQ might perform differently between
younger and older children [13]. Thisis a question for future
research to examinein an independent sample. Finaly, variances
among mothers and fathers suggest further exploration between
mothers, fathers, RF, and cognitive variables is needed. That
is, our results suggest that RF subtypes may be differentially
influenced by the social and psychological parenting context.

Summary of intercorrelations, means and stand deviations for scores on the Parent Reflective Functioning Questionnaire -18,
Medical Outcome Study Socia Support Survey, Parenting Sense of Competence Scale, Perceived Stress Scale, Parent Coping

Scalein males and females.
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Abstract

Background: Several studies support the impact of information communication technology—based interventions to promote
physical activity among youth. However, little is known on how technology can be used by the entire family to encourage healthy
behavior. Previous studies showed that children and youth rely and are dependent upon the decisions and values of their caregivers
when it comesto having a healthy lifestyle. Thus, the exploration of behavior and attitudes of the entire family is needed.

Objective: The study aimed to explore (1) perceptions of how the use of physical activity tracking devices (Fitbit Zip) by
families in rural communities influence their patterns of participation in physical activity, (2) how attitudes toward physical
activity change as aresult of using physical activity tracking devices as a family, and (3) what factors influence participation in
physical activity among familiesin rural communities.

Methods: A total of 11 familieswith 1 to 3 children of different ages (7-13 years) took part in semistructured group interviews
following 2 weeks of using physical activity tracking devices (Fitbit Zip) asafamily. The participants were asked to discusstheir
experience using the Fithit Zip as afamily, the motivation to be physically active, the changesin their pattern of participationin
those activities, thelevel of engagement by different family members, and the factorsthat affected their participation. All interviews
were voice-recorded with the participants’ permission and later transcribed verbatim using pseudonyms. To analyze the data, the
principal investigator (1S) used open, axial, and selective coding techniques.

Results: A total of 3 themes and several subthemes appeared from the data. The families in rural communities reported no or
minimal changes in physical activities as a result of using physical activity tracking devices (Fitbit Zip) because of a lack of
interest or an already active lifestyle. However, the attitude toward physical activity was altered. The family members reported
an increased awareness of their activity level, introduced more conversations about active and healthy lifestyles, and changed
their view of physical activity to a more positive one. The participants described the changes they were able to make and the
constraining factors that stopped them from making further changesin their lifestyle.

Conclusions:  Technology might serve as a facilitator to participation in physical activity among families. Technology can
motivate the change in attitude toward active recreation. Aslong-term changesin lifestyle require internal motivation, the change
in the attitude might have a more long-lasting impact than the change in the immediate behavior. More longitudinal studies are
needed to further explore long-term change in both behavior and attitude toward physical activity. Additional exploration of
constraints to participation in physical activity among familiesis also an important area of exploration.

(JMIR Pediatr Parent 2019;2(1):€10658) doi:10.2196/10658
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Introduction

Background

Increasing physical activity among adults and children has been
aprimary goa of many disciplines, government initiatives, and
nonprofit organizations, including Let’'sMove! Active Schools,
NFL Play 60, Presidential Youth Fitness Program, Reviving
Baseball in Inner Cities, and others [1,2]. Unfortunately, only
1in 5 adults [3] and only 22% of children aged 6 to 19 years
meet the physical activity guidelines [4]. There are multiple
factors that may negatively influence adults' participation in
physical activities, including advanced age, low income, lack
of time, low motivation, rural residency, perception of the effort
needed for exercise, excessive weight or obesity, perception of
poor health, and physical disability [5]. Among children and
adolescents, parental support and belief in one's ability to be
active (self-efficacy), as well as walkability of the community
and access to recreational spaces, were named as influential
factorsin physical activity participation [5,6].

Use of Technology in Promoting Health

Contemporary technology is often seen as one of the significant
constraintsto participation in physical activity [7]. Technology
addiction was connected to decreased exposure to the outdoors
and, as a result, decrease in physical activity [7,8]. However,
more and more often technol ogy isbeing used to improve one’'s
health. For example, a study claimed that mental health
information and self-help tools could be successfully delivered
via the internet to rural communities where limited access to
health providers and the culture of self-reliance may prevent
residents from receiving needed help [9]. Moreover, multiple
studies supported the effectiveness of using activity trackers
and online support to improve overall health behaviorsincluding
physical activity. For example, older adultsin rural communities
indicated a tracking device was easy to use [10], whereas
overweight adults showed benefits from using a virtual coach
[11]. Another example of how online education programs could
be used to modify health-related behaviors was in the area of
sex education [12,13]. Theresults showed increased knowledge
and improved use of healthier practices among sexually active
youth [12,13]. Finally, a systematic review suggested that
smartphones can be aviabletool in promoting physical activity
[14], whereas a comprehensive review reported internet-based
physical activity interventions can also be successful [15]. Thus,
technology may in fact play an important role in changing
health-related behaviors.

In the area of changing behaviors related to diet and physical
activity, technology has also been shown to be a successful tool
[16-19]. For example, in a study exploring diet and physical
activity smartphone apps, users found these apps effective in
promoting healthy eating and exercising [16]. The study
participants believed the apps affected their actions, health
consciousness, and self-education about nutrition and physical
activity [16]. Similarly, in a study focused on the use of Fitbit
trackers among female breast cancer survivors, the participants
increased their physical activity, which was associated with
their frequency of looking at their own data on the tracker [17].
Thus, the tracker may have been a source of motivation to alter
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their physical activity. There has been recent interest in using
the internet and mobile phone technology to deliver automated
physical activity programs to motivate adults to be more
physically active[14,15,18,19]. Asaresult of severa strategies,
including the distribution of possible solutions to perceived
constraints, detailing aweekly exercise plan, sharing theresults
with others, and providing feedback on their level of physical
activity, the participants of these programs significantly
increased their level of physical activity and lost ahigher percent
of body fat than the control group. Among an adult population
with chronic obstructive pulmonary disease, it was revealed
that an electronic health app was stimulating and that reaching
daily physical activity goals was rewarding [19]. In addition,
older adults living with chronic illness found wearabl e activity
trackers (including Fitbit) were useful and acceptable, although
participants stated they may need support with setting up the
device and interpreting the data[20]. Finally, wearable activity
trackers have also been used in weight loss interventions;
however, the results have been mixed [21,22]. Nonetheless,
tracking devices were shown to improve total step counts and
percent body fat in first year medical students [23]. Although
many of these interventions involve populations with various
health issues (eg, overweight, obesity, and chronic illness), the
tracking devices were somewhat successful in promoting
physical activity. This suggests that activity tracking devices
were overall abeneficial factor in behavioral change and thus
could be useful in promoting physical activity among adults
and youth.

Use of Technology in Promoting Health Among Youth

Theimpact of SM S (short message service) text message—based
interventions to promote physical activity among youth was
also supported by multiple studies discussed in areview of the
previous literature [24]. Out of 13 studies reviewed [24], 7
interventionsresulted inimprovement for physical activity, and
6 interventions resulted in improvement in sedentary behavior
among youth aged 10 to 19 years. Moreover, technol ogy-based
interventionsthat used global positioning systems (GPS devices)
as an activity (eg, geocaching and treasure hunting) were also
described as more enjoyable and intrinsically motivating to
youth compared with walking without technology (eg, GPS
device) [25,26]. In fact, the youth had similar physical activity
levels (eg, light physical activity) over the same distance (1
mile loop) in performing the required activity with the GPS
device (eg, geocaching) compared with walking [27]. In other
words, technology alone may be utilized to increase physical
activity participation among youth. Infact, in arecent systematic
review, it was suggested that physical activity trackers may be
useful in promoting physical activity among this population
[28]. Despite studies suggesting benefits of using technology
to improve physical activity in adults with chronic disease and
encourage healthy lifestyles among youth, little is known on
how technology can be used by the entirefamily (eg, adultsand
youth) to promote healthy behavior that can be sustained over
along period of time.

Familiesand Physical Activity

Previous studies showed that children and youth rely and are
dependent upon the decisions and values of their caregivers
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when it comes to physical activities [6]. Studies showed that
parents engagement in physical activity is an important
predictor of children’s engagement in physical activity, both
during childhood and inthe later yearsin life [29,30]. Moreover,
parents’ support and encouragement can help achild to develop
physical competence and self-worth, crucia factorsinlong-term
engagement in physical activity among children [5,31]. Although
there are multiplefactorsthat prevent familiesfrom being more
active, including time and money, family structure, environment,
geographical location, and others[5,6,30,32], technology could
be used to lower the impact of some of these constraints by
offering tips for time management or providing
recommendationsfor physical activitiesthat do not cost money
and could be enjoyed by the entire family. This could be
particularly important in rural communities where the
opportunities for organized physical activities are limited.
Considering that contemporary children spend more than 7
hoursaday in front of ascreen[33], an activity tracking device
was selected as a primary factor for this study as it could be
appealing to the youth interested in technology and could serve
as a facilitator to participation in physical activity among
families. Previous literature regarding families and physical
activity was either focused on the parents perceptions of the
benefits of and barriersto physical activity among their children
[34] or revealed that the children were not very active with their
parents [35]. However, a recent systematic review suggested
that family-based interventions can be an effective way to
improve physical activity participation among families[36]. It
was suggested that the best way to improve physical activity
within the family unit was to focus on family relationships and
experiences (spending time together, being active as a family)
rather than the benefits of being active [36].

Asaresult, this study focused on the families' experience with
physically active recreation and their use of activity-tracking
devices. Although this study used a stand-alone physical activity
tracking device (ie, Fitbit Zip), contemporary smartphones
provide access to apps with similar functions (step count,
distance walked, connection with others, etc), which could be
used as a substitute for an activity tracking device (ie, Fitbit
Zip). Thus, the objectives of this study were to explore (1) the
perception of how the use of aphysical activity tracking device
(ie, Fitbit Zip) by familiesin rural communitiesinfluencestheir
participation in physical activity, (2) how the use of a physical
activity tracking device (ie, Fitbit Zip) by families in rural
communities influences their attitude toward physical activity,
and (3) what factors influence the participation in physical
activity among familiesin rural communities.

Methods

Study Design

The study was conducted during 2014 in a small town in rura
Appalachia. The study comprised 2 stages. During the first
stage, 22 familieswith at least one child at home aged between
7 and 13 years took part in a 2-week long intervention study
mesasuring the effect of aphysical activity tracking device (Fitbit
Zip) on physical activity participation in families. During those
2 weeks, each family member was asked to wear a Fitbit Zip
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aswell as record the types of physical activities and the length
of their participation in those activitiesinto ajournal. The data
from the first stage of the study (eg, step counts and total
physical activity levels) were presented at regional conferences
and are in submission for publication. For the second stage of
the study, families were asked to take part in family group
interviewsto reflect on their experiences using physical activity
tracking devices. This paper isfocused on the second qualitative
part of the study and presentsthe results of these 11 interviews.
The study protocol was approved by the university’sinstitutional
review board. Both parents and children signed an informed
consent.

M ethod of Data Collection

Semistructured group interviews were conducted with each
family separately inthe principal investigator’s (1S) officewithin
a2-week period after thefirst stage of the study was completed.
The interviews lasted between 30 min to an hour. The
participants were asked to discuss their experience using the
Fitbit Zip as a family, the motivation to be physically active,
the changes in their pattern of participation in those activities,
the level of engagement by different family members, and the
factors influencing their participation. All interviews were
voice-recorded with the participants permission and later
transcribed verbatim by the principal investigator and aresearch
assistant using pseudonyms.

Data Analysis

Data analysis had begun as soon as severa of the initia
interviews were recorded and continued until the point of data
saturation was reached [37]. The principal investigator used
open, axial, and selective coding techniquesto analyze the data
[38]. This approach was selected to allow the data to speak for
themselves, to discover and label variables and their
interrelationships. After several initid interviews were
conducted, the principal investigator read through the data to
create |abelsemerging from the data. Among some of the codes
that emerged during the open coding stage were “walk instead
of bus, park farther, already active, and feeling accountable.”
During the axial coding stage, the principal investigator
identified relationships among label s emerging during the open
coding stage. The codes that lacked in depth or richness were
eliminated or combined to create a more general code. For
example, several codes that were focused on specific
activities—*walking a dog, doing things around a house,
etc’—were combined into 1 category—"doing more of what
they were already doing or small, everyday changes.” During
the selective coding stage, the principal investigator identified
core themes—perception of changes in behavior, changes in
attitude, and factors influencing participation—around which
the final dataanalysiswas structured [38]. The trustworthiness
of the study was enhanced by ensuring credibility, originality,
resonance, and usefulness [37]. To ensure credibility, the
principal investigator familiarized herself with the literaturein
the subject area before data analysis, stayed conscious of the
depth and range of the data, as well as made sure there were
strong and direct links between the gathered data and the
conclusions. The principal investigator reviewed the data, codes,
and themes with another qualitative researcher (BM) to ensure
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their logical consistency. The principal investigator also
evaluated the data on the novelty and usefulness by comparing
the results of the study with previous research to ensure the
study provides a new insight into the phenomena. In addition,
the resonance was evaluated by ensuring fullness of categories
and maintai ning openness toward possible meanings of datato
ensure the coconstruction of new knowledge [37].

Results

Study Participants

A total of 11 families took part in this study. Among these
families, 3 families had a father involved in the study, whereas
therest of the participants comprised mothers and their children.
The families had between 1 and 3 children of different ages,
with at least one child aged between 7 and 13 years. All the
families self-reported as being of white background (which is
a typical characteristic of the general population in rural
Appalachia), and 66% of the parents had at |east a Bachelor's
degree.

Several themes appeared from the data: families perceived no
or minimal changesin physical activity asaresult of using Fitbit
Zip as afamily and provided a description of small changesin
their everyday activities, families discussed changes in their
attitude toward physical activity as a result of using Fitbit Zip
asafamily; and families described factors that influenced their
participation in physical activity.

Perception of Changesin Physical Activity

No Changesin Physical Activity

Themajority of the participantsin this study reported no change
in physical activity as aresult of Fitbit Zip use because of their
rather active lifestyle before their participation in the study or
because of a lack of interest toward adopting a more active
lifestyle. These findings were supported by the step count data
from the first stage of the study discussed in a separate
manuscript. A total of 65% (13/20) of the families who took
part in the first stage of the study either did not change or
decreased their daily step counts over a 2-week period, whereas
35% (7/20) increased their daily step counts.

The mother from family 6 explained:

We were already pretty active so | don’'t know. [...]
We get outside a fair amount, we go biking and
running and stuff throughout the week outside.

Another mother (family 3) stated:
I am[...] onroutinesalready so | don’t think | found
myself looking at it.

The father from family 10 had a similar reflection:
| have a regimen and did my normal thing, | exercise
30 minsaday 5 or 6 days a week.

There was aso a group of families who reported no change
because of alack of interest from the parents. For example, a
boy aged 12 years (family 11) had no specific reason for why
his level of physica activity did not increase. However,
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following his mother’s response about her busy schedule and
lack of interest, he stated:

Wl not much was different for me. It was kind of
just daily stuff and that’s kind of how it was. [...]
Nothing really changed, it'sjust kind of how lifeis.

Although some participants lacked interest in increasing their
level of physical activity, those who wanted to be more active
experienced a number of constraints that stopped them from
being more active.

Small Changesin Physically Active Recreation

There were several families who reported introducing small
changesinto their everyday life asaresult of Fitbit Zip use. As
thefather from family 1 explained, he was more motivated when
he could visualize hisinactivity:

Yeah, it [FitBit Zip™] gave me more incentive to go

dothe activity because you' relooking and seeing you

only have 5000 steps, | need 5000 more to go. | need

to figure out something more to do today to increase

my steps.
Small everyday changes mentioned by the participantsincluded
walking instead of taking a bus, parking farther away, and
walking around house, etc. For example, the mother from family
6 described:

It didn't make me exercise on a day, like if | just felt
tired and felt like | wasn't going to exercise that day,
it didn’t make me plan an exercise activity, but it did
make me maybe just walk around a little more and
run in place while I’'m making dinner.

Several families stated that although they did not introduce any
new activities, they increased their level of participation in the
activities in which they were aready involved. Going on a
longer hike or walk, practicing dancing or gymnastics more
often, and other activities were listed by the participants. The
mother from family 5 shared her thoughts:

| don’t think we did anything new just more often. \We
didn’'t do anything longer just more daily than a few
days a week. We tried to fit more in during the week.
[...] Just having a goal.

A girl from family 4 had a similar reflection:

I'm a dancer and I'm about to start pointe after
Christmas. So | would put on my pointe shoes after |
had on my pajamas and practice in the living room
so | could gain a couple more steps.

Factor s Influencing Participation in Physical Activity
Despite some participants|acking an interest in increasing their
participation in physical activity, more participants reported an
interest in living amore active lifestyle. However, many of them
also experienced a number of constraints that stopped them
from being more physically active. These constraints included
a lack of energy, time, money, and companionship; the
constraints also included environmental constraints (weather,
lack of sidewalks), interest in other nonactive recreational
activities, and distraction by technology.
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Several participants stated that using Fitbit Zip allowed them
to monitor their activities, have a healthy competition among
family members, and encourage each other to be more physically
active. However, despite all the benefits, many participants
claimed that constraints to participation in physical activities
were more significant. Among the most commonly reported
constraints by both parents and children were lack of time and
abusy schedule. For example, agirl from family 1 stated:

We don't get recess anymore so we don't really have
a choice; and we have more homework and stuff so
it is hard to do stuff when we are doing homework.

A boy from family 3, when asked what stopped him from being
more active, shared a similar experience:

Schooal, 6 and a half hours, no going outside.

The mother from family 5 summarized her daughter's
experiences:

She has a lot of stuff going on. Sheisin a play and
has rehearsal 3 times a week and swimming twice a
week. Just having to be somewhere. Schedule.

Environmental constraints, including weather and lack of
sidewalks, were also mentioned by the participants. The mother
from family 3 explained:

| miss sidewalks since moving up here, you can't just
go out and do in a safe way. | definitely have to
coordinate with what they are doing. | think just
scheduling makesit difficult to work it in or you have
to get really creative.

Several participants reported distraction by technology as one
of the constraints to physical activity participation among
children. For example, the father from family 1 stated
“Instagram” when asked about constraining factors, whereas
his son confessed, “I’'m glued to the Wii.” Thus, athough
technology such asFitbit Zip may encourage and motivate slight
changesin physical activity participation among families, there
aremultiplefactorsthat may be more powerful constraintswhen
it comesto leading a more active lifestyle.

Changein the Attitude Toward Physical Activity

I ncreased Awareness and Accountability

The majority of participants in this study reported a changein
their attitude toward physical activity. They reported becoming
more aware of what it takes to have an active lifestyle, they
reported increased conversationsin the family about health and
physical activities, and they also reported achangeintheir view
of physical activity to a more positive one. For example, many
participants were surprised by how active or inactive their
everyday activities were. The mother from family 6 explained:

It made you a little more aware maybe when you
thought you got enough exercise but maybe you didn’t
quite. [...] I thinkit did make me more aware and how
even just doing some little things, like we live near
the [grocery store] and how walking to the [grocery
store] could add, little bit more walking home from
school, how that can give you some more steps.
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In many cases, thisincreased level of awareness motivated study
participants to be more active during their recreational and
everyday activities. The mother from family 3 described her
son’sincrease in motivation as aresult of using Fitbit Zip:

| think more awareness. He [son] was extra aware
and made more of an effort like “ oh | need to feed
the FitBit Zip™” so he was making an extra effort. |
could see that when he actually could see it, he was
taking extra time to find ways, so yeah | noticed that
behavior about him.

Similarly, the mother from family 5 shared her own increasein
motivation to be more physically active as aresult of Fithit Zip
use:

| would try to be more active because before | would
think 3 days a week was good. But thinking about the
10,000 each day made me want to do more.

More Conversations About Active Recreation

In addition to an increased awareness, the Fitbit Zip use
provoked more conversations about an active lifestyle and health
in general among family members. As the father from family
10 described:

In the evening at least we talked about the steps and
what they were doing and what they did for PE and
things like that.

His daughter added:

At dinner we would usually look at our fitbitsand all
say how many steps we did.

Comparing the number of stepsamong different family members
allowed families to be more intentional in planning physical
activity:

They were constantly looking and seeing how many
steps they had and what they were going to do.
[Mother, family 1]

Moreover, families enjoyed the friendly competition with each
other and celebrated the achievement of the winning family
member, which further initiated conversations about active
recreation. The mother from family 3 explained:

| think it was cool that we were thinking about it and
checking on each other. [ ...] | think we kind of talked
about it and looked at it, maybe twice a day or so.
[...] It is kind of interesting because he [son] is
ultra-competitive withit [...], and it was kind of neat
to celebrate with himand belike how did you get that
many? What did you do today to get there? So | think
for me as a parent it was fun to see him have this
accomplishment and know that there were many days
that he had more than | had.

Physical Activity as a Benefit

Finally, the participants reported that after using the physical
activity tracking device as a family, their view of physical
activity was changed to a more positive one. As aresult of the
participation in the study, many participants changed their
perception of physical activity from inconvenient and
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burdensometo beneficial. For example, walking the dog, parking
farther away, and getting something from another room were
now the activities that family members did not mind doing. For
example, amother from one of the least active families stated:

| had a better attitude about being more physical, like
instead of being annoyed | had to park further away,
| would be like that’s ok. Thisis good for me.

A father described how he was using the Fitbit Zip to motivate
his children to walk the dog together. The son from family 10
described how being active was no longer perceived asaburden
by him and his sibling but rather as an opportunity to earn more
steps:

One night someone was like “ will you go get such
and such for me” and no onewould get off the couch,
[...] and when she said that or anyone said that to
me, | would be like “I'll do it” | got up and got up
straight to do it.

Discussion

Principal Findings

Overdll, the mgjor finding from this study suggests a physical
activity tracking device may not immediately impact total
physical activity but may provide an awareness of total physical
activity participation among families. The awareness or
perception regarding how active or inactive they are as
individuals or as a family may eventually lead to actions to
become more active despite some commonly discussed
constraints.

The findings in this study highlight several important issues
related to increasing the level of physical activity among
children previoudly discussed in theliterature. First, adults play
acrucia rolewhen it comesto the health and active lifestyle of
theentirefamily [31]. Asour datasuggested, parentswho were
interested inincreasing physically active recreation encouraged
their children’s participation, introduced discussions about
experiences, and celebrated their children’s achievements.
Unfortunately, many of them also reported multiple constraints
that prevented the family’s participation in physical activity,
including a lack of energy, time, money, companionship; the
constraints also included environmental constraints (weather,
lack of sidewalks), interest in other nonactive recreational
activities, and distraction by technology. Second, to increase
participation in physical activity among children, it isimportant
to make it fun yet still be chalenging [31]. Our participants
reflected on the enjoyment from the experience of using Fitbit
Zip and friendly competition among family members. Thanks
to the evening discussions about the step counts every family
member obtained during the day, many children were excited
to compete with their siblings and parents and, asaresult, found
the process of being activeto befun. Finally, as previous studies
described that the sense of mastery and self-efficacy often
encourages children’sengagement in physical activities[31,39],
physical activity tracking devices could be used to enhance
those emotions among youth. For example, having a set goal
and being able to observe (on the activity tracking device) how
one'sactions can allow theindividual to achieve that goal might
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develop asense of mastery and self-efficacy among youth. Goal
setting and reinforcement were among the suggested ways to
increase family-based physical activity discussed in a recent
meta-analysis review [36]. The perception of a great effort
needed for exercise was mentioned in previous research as one
of the constraints for physical activity among adults [5]. The
users of activity tracking devices in this study mentioned how
the small changes in their everyday routine and increased
participation in activities they already enjoyed allowed the
participants to increase their step count in an easy way with
little or no preparation. Thus, the use of the activity tracking
device could assist in changing the perception of physical
activity from physical activity requiring great effort to it being
simpler and more manageable.

The important message from this study is the relationships
between technology and physically active recreation. Although
technology is often viewed as a constraint to physical activity
[7], it might also be used as a facilitator [39]. Moreover, asthe
results of this study suggest, a physical activity tracking device
can motivate the change in attitude toward active recreation.
As intrinsic motivation is often viewed as an important part of
long-term change in behavior [40], the change in attitude and
perception of physical activity and a healthy lifestyle overall
might have a valuable impact on the future of physical activity
among families.

Limitations

Although the study brings attention to some important areasin
the research on physically active recreation, it also has severa
limitations. First, because of the self-selection process, a
majority of the participants who agreed to participate in the
study were already predominantly active and healthy residents
of the community. Second, the engagement of families with
physical activity tracking devices (Fithit Zip) was rather short
(2 weeks), and the novelty and excitement from this experience
might decrease with time[41]. In future studies, we recommend
to allow participants alonger period of engagement, aswell as
to ensure that the interviews are conducted soon after
participation aswell as several months after the experience ends.
Third, the data were analyzed by only 1 of the authors. To
address this limitation, the authors reviewed the data, codes,
and themes with other qualitative researchers to ensure their
logical consistency. Despite these limitations, the study provided
anovel perspective on family units and their use of technology
to modify health-related behavior such as physical activity. In
addition, the study used a qualitative approach to gauge a deep
understanding of the perception of the experience with
technology and physical activity as afamily.

Conclusions

Family-based physical activity interventions may be an effective
way to improvethe physical activity for both adultsand children.
Our results suggest that introducing simple everyday activities
into family routines may encourage parents and their children
to increase their overall physical activity level. Moreover, it
may lead to a changed perception of physical activities from
difficult and time-consuming to easy and enjoyable. Our results
also suggest that facilitating the engagement of the entire family
with a physical activity intervention may encourage more
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discussions about active recreation and the ways to achieve it.
Such discussions, healthy competition, and celebrations of
achievements among family members may further promote a
healthy and active lifestyle among the family as aunit. Finally,
the use of activity tracking devices by families can allow both
parents and children to be aware of the levels of physical
activities among family members in their family unit, as well
asobservewhat activities and strategies can be the most hel pful
in achieving their goals for physical activities.

There are several implications for future research in this area.
Due to an increased presence of technology in the lives of
families, we suggest more studies focused on the use of
technology to promote physical activities among children and
families are needed. More specifically, further studies should
explorewhether the latest technol ogy can be used asa successful
facilitator for physical activities among families. Family is a

Sharaievska et al

complex system, and a change in one area of life of the family
(eg, employment of parents) may lead to changesin other areas
of life (eg, use of technology or physical activity participation).
Moreover, families may have various structures and go through
various stagesin life, aswell asrepresent individual s of diverse
backgrounds. A more thorough understanding of the barriers
of those with diverse backgrounds may assist in developing
more effective family-based physical activity interventions. It
is also important to utilize different methods to evaluate the
family’s physical activity. For example, measuring the total
physical activity of each family member and comparing the
perception that families have regarding their persona and
children’s physical activity may be acritical component. Thus,
it is important to continue both qualitative and quantitative
exploration of this area of study to a produce theoretical
foundation and empirical results that could further inform the
work of practitioners working with families.
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Abstract

Background: Transfer from pediatric to adult careisacrucial period for adolescents with inflammatory bowel disease (IBD).

Objective: Our aim was to devel op a personalized transition-transfer concept including relevant toolsin an established eHealth
(electronic health) program.

Methods: Required transition skillsand validated pati ent-reported outcome measures (PROMs) wereidentified viabibliographic
search and clinical experience and were implemented into an existing eHealth program.

Results: Thefollowing skills were identified: disease knowledge, social life, disease management, and making well-informed,
health-related decisions. The PROMsincluded the following: self-efficacy (the IBD Self-Efficacy Scale—Adolescents), resilience
(the 10-item Connor-Davidson Resilience Scale), response to stress (the Child Self-Report Responses to Stress—IBD), and
self-management and health care transition skills (the Self-Management and Transition to Adulthood with Trestment questionnaire).
Starting at age 14, the patient will be offered a1-hour annual transition consultation with an IBD-specialized nurse. The consultation
will be based on the results of the PROMs and will focus on the patient's difficulties. Patients will complete the PROMs on the
eHealth program at home, allowing nurses and patientsto prepare for the meeting. Symptom scores and medication will befilled
out on the eHealth program to support disease self-management. The consultation will be atopic-centered dialogue with practical
exercises. During routine outpatient visits with the provider, parents will be left out of half of the consultation when the patient
is 16 years old; at 17 years old, the parents will not be present. At the transfer consultation, the pediatric provider, the adult
gastroenterologist, the pediatric nurse, the patient, and the parents will be present to ensure a proper transfer.

Conclusions: We have conducted a personalized eHealth transition concept consisting of basic elements that measure, train,
and monitor the patients' transition readiness. The concept can be implemented and adjusted to local conditions.

(JMIR Pediatr Parent 2019;2(1):€12258) doi:10.2196/12258

KEYWORDS
inflammatory bowel disease; adolescents; transition; transfer; adult care

disease—is increasing among children and adolescents [1-6].
Consequently, inthe coming yearsthere will be alarger burden

Theincidence of inflammatory bowel disease (IBD)—primarily ~ ©n @dult IBD care settings to manage the complex needs of
represented by the diagnoses ulcerative colitis and Crohn’s  Patients transferred from pediatric IBD departments [7-9].
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Ensuring that the patients and parents are prepared for the
transfer, specifically the physical handover of patientsfrom one
setting to another, as well as receiving the patients after the
transfer, is a chalenge for both the pediatric and adult
gastroenterological staff [10]. One of the most costly periods
for IBD careisinthefirst year after transfer, from pediatric to
adult care; the costs during this period are largely preventable,
driven by unplanned hospitalizations, relapse, and nonattendance
at scheduled appointments [7-9].

Different approaches have been used over time to improve the
transfer process. These approaches have included structured
discharge summaries provided on behaf of the pediatric
department for the convenience of the adult department and/or
joint consultations. Consultationsinclude the patient, the parents,
the nurse, and the adult and pediatric provider focused on
facilitating the referral between providers in a warm handoff
[11]. This approach is insufficient. Studies in adolescents and
young adults with other chronic illnesses suggest that in order
to improve disease outcomes and reduce health care costs, care
must include (1) coordination provided over time, (2)
communication between the patient and at | east one member of
the careteam, and (3) skills-based training [12]. Transition care
is an extended period of patient empowerment that equips
adol escents (10-19 years old) [ 13] with the skillsand knowledge
necessary to manage their own health and well-being as they
move from pediatric to adult-centered services. Thisis amore
comprehensive approach to addressing the needs of adolescents
and young adultswith IBD. The processrequiresacoordinated,
team-based shifting of responsibilities of disease
self-management from the parent to the patient [14]. Less is
known about how to best leverage technol ogy to drive delivery
of personalized skillstraining to atransitioning patient prior to
entering adult-centered care [15].

We have previously demonstrated and published that the use
of the interactive eHealth (electronic health) solution Young
Constant Care [16], designed for adolescents (10-17 years old)
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with IBD, is usable in this age group [17,18]. An essentia
element of eHealth is the use of patient-reported outcome
measures (PROMS) registered in real time due to the Internet
connection, which allows timely relevant monitoring and
personalized treatment to the individual patient. Specifically,
patients register symptoms through the Pediatric Ulcerative
ColitisActivity Index or abbreviated Pediatric Crohn’s Disease
Activity Index [19,20] and their type of medication. The
symptom scoreis presented for the patient asa curve with traffic
light zones (ie, green, yellow, and red colors) to indicate whether
the disease activity is mild, moderate, or severe (see Figure 1).
The traffic light acts as feedback to the patient on his or her
symptoms and aguide to the patient to interpret how severethe
disease activity is at a given time. Registration of medication
helps the patient to remember and be aware of his or her own
treatment progress. On an administration page only seen by the
IBD team, all patients are listed and the staff can access the
scoresfrom the patients. Participants using our eHealth program
were empowered and educated to be responsible for reporting
symptoms themselves instead of relying on their parents [17].

The disease activity is tracked over time and the traffic light
color code is used to visualize disease activity based on
symptom index. On the right-hand side of the screenshot in
Figure 1, the patients are provided with a guideline regarding
the disease activity.

Based on our previous results involving adolescent patients in
self-managing their disease through eHealth, it was natural to
extend this program beyond reporting of IBD symptoms to
include assessment and remediation of other critica
self-management skills. We wished to personalize patients
transition preparedness by involving patients actively in their
own transition process. Specifically, our aim was to develop a
transition-transfer concept that included incorporation of
validated measures of transition preparednessin the established
eHealth program.
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Figure 1. Screenshots from the website Young Constant Care (Danish) [16]. The disease activity is tracked over time; the traffic light color code is
used to visualize disease activity based on symptom index. Patients are provided with a guideline regarding the disease activity (right-hand side of

screenshot).
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Methods

Development of the Transition Concept

The structure of the transition concept was developed in
cooperation and agreed upon by two pediatric IBD centers to
improve the ability of adapting the concept, regardless of
cultural  diversions. One center was located in
Europe—Department of Pediatrics, Hvidovre University
Hospital, Hvidovre, Denmark—and one was located in North
America—Division of Pediatric Gastroenterology and
Hepatology, Susan and Leonard Feinstein IBD Center, New
York, United States.

Identification of Transition Skills

Identification of needed transition and transfer skills and
expectations was based on a bibliographic search and clinical
experience. The bibliographic search was performed without a
date restriction in June 2016 on the online database PubMed.
Medical Library Subject Heading (MeSH) terms and keywords
were created by combinations of “inflammatory bowel disease”
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with the subjects “transition to adult care,” “education,” and
“skills” using “AND.” Relevance was determined by screening
titles, abstracts, or full-text publications. Reference lists of
relevant articles were screened for further potentially relevant
studies. A total of 125 publications were returned using the
initial search and 28 were excluded based on their abstracts or
full text. After retrieving duplications, 40 original publications
remained. Thetypesof publicationswere asfollows: randomized
clinical trial (n=1); intervention trials (n=3); investigations of
the patients’ transition readiness (n=13); investigations of
providers' transition experience and opinions (n=6); reviews of
the literature (n=8); and transition recommendations (ie, needs
and concerns) (n=9). Domains were extracted and transformed
to atransition readiness checklist for the pediatric provider and
a transfer readiness checklist for the adult provider to assess
the patient’s transition and transfer progress, respectively (see
Multimedia Appendices 1 and 2).

Patient-Reported Outcome Measures

The US Food and Drug Administration defines patient-reported
outcomes as any report of the status of a patient's health
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condition that comes directly from the patient, without
interpretation by aprovider or anyone else [21]. In this context,
PROMs [22] are questionnaires that evaluate the patient’s
self-reported capability and performance of transition readiness,
these were identified in this study. The requirements of the
PROMSs were that they needed to be previously validated and
usable in international settings; the questionnaires also had to
be of an accepted length (ie, maximum 20 items). Furthermore,
the total number of questionnaires were limited in order to
ensure the quality of the answers. The agreement of included
PROMs was performed by a consensus group (ie, consultants,
physicians, psychologists, and nurses). PROMs existing in
nonnative languages were trandated by the cross-cultural
adaptation trand ation method (ie, forward trand ation, backward
translation, and cognitive testing) after agreement and approval
with the devel opers of the PROMs[23]. Selected PROMswere
implemented within the existing eHealth program Young
Constant Care [16].

Approval

Young Constant Care [16] meets the requirements of the EU
General Data Protection Regulation (May 2018) and is hosted
on a server owned by the Capital Region, Denmark. Approval
from the Danish Ethical Committee and Data Protection Agency
will be obtained before enrollment of patients.

Results

Four Components of the Transition Concept

Component 1. Preparation of the Annual Consultation
(eHealth and Face-to-Face)

The transition concept offers the patient an annual 1-hour
transition consultation with a pediatric IBD-specialized nurse.
The purpose of the transition consultation is to improve
transition skills and to discuss individual difficulties. Patients
will complete the questionnaire on the eHeal th webpage Young
Constant Care [16], to which the patients are provided access
in advance through apersonal doublelog-in—personal password
and acode sent to the patient”s phone. The webpageisdesigned
to work on mabile phones, tablets, and laptops. Completing the
PROMS s prior to the consultation allows patients to be prepared
for the topics around which the consultation should be centered.
It also alowsthe nurse to prepare the consultation based on the
patient”sanswersto the selected PROM s addressing the patient’s
abilities and difficulties (ie, the patient’s score). The PROMs
are presented below in the Specific Contents of the Transition
Concept: Transition Skills and Patient-Reported Outcome
Measures section. The actual topic of each consultation will be
defined in collaboration between the patient and the nurse at
the beginning of each consultation, leading to an individualized
topic-centered dialogue with practical exercises (see Table 1).

The eHealth transition concept also provides the patient with
mind-body techniques of progressive muscle relaxation,
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relaxation imagery, and deep breathing exercises to cope with
pain and fatigue, which are often present despite relevant
treatment [24)]. If the patient presents substantial psychological
difficulties, the patient can be referred to apsychologist. Nurses
are supervised in regular 6-month intervals by a health
psychologist, allowing the nurses to evaluate and reflect on the
themes of the conversations in the transition consultation and
to discuss the challenges encountered during the sessions. The
disease knowledge is not systematically evaluated by tests, but
is discussed during the regular conversation and consultation
with the nurse and the provider.

Component 2: Regular Consultations With the Provider
(Face-to-Face)

Aiming to prepare and train the patient in disease management,
the patient will register his or her symptoms at home prior to
the consultation with the provider, interpret his or her disease
activity, and record current medicationsin the eHealth program
Young Constant Care [16]. Starting at age 14, the consultation
with the provider in the outpatient clinic will change from being
oriented toward the parents to being primarily oriented toward
the patient. Once the patient is 16 years old, parents will only
takepart in half of the consultation; when the patientis 17 years
old, the parents will no longer participate. This may be a
challenge for both the patient, parent, and pediatrician and the
rationale for this step should be addressed at the previous
consultation.

Component 3: Transfer Consultation (Face-to-Face)

At ajoint consultation when the patient is 18 years old, the
pediatric provider, the adult gastroenterologist, the pediatric
nurse, the patient, and the patient’s parents will participate. At
the joint consultation, the adult gastroenterologist will explain
the structure and the approach of the adult department and,
going forward, how the consultations will be conducted.
Afterward, the adult gastroenterologist will receive a summary
of the disease history in the medical journal and the patient will
receive a status | etter.

Component 4: Evaluation

Progression in PROMs will be evaluated by comparing the
repetitive scores from the patients. The patient”s answersto the
guestionnaireswill be stored in the eHealth program. The patient
will completethe Self-Management and Transition to Adulthood
with Treatment (STARX) questionnaire at the time of transfer.
The pediatric provider will assessthe patient annually using the
transition readiness checklist (see MultimediaAppendix 1) and
the gastroenterologist will assess the patient at transfer using
the transfer readiness checklist (see Multimedia Appendix 2).
The triple assessment results in a comprehensive evaluation,
which is needed, as transition readiness is multidimensional
and is biased by the assessor. The transition consultations with
IBD nurses will be documented systematically in the patient’s
medical record. The flowchart of the concept is presented in
Figure 2.
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Table 1. Exercisesto improve the patient’s transition skills.

Topics

Exercises (requests and items to address by the IBD* specialized nurse)b

IBD knowledge

Management of contact with the
hospital

Medication

Medical adherence

Worries

Network: family and friends

Stress, pain, and fatigue

Explain the disease for me.

Mark on adrawing of the intestinal system where your disease is located.

Review your onset of diagnosis, treatment history, and surgeries.

Explain what symptoms you should be aware of.

Explain what to do during arelapse.

Where can you gather additional information about the disease?

Information from the nurse: significance of alcohol and drugs on the disease.

Information from the nurse: IBD in relation to sex, contraception, fertility, and pregnancy.

Explain how to contact the hospital and how to make a new appointment in the outpatient clinic.
Prepare alist of topics you can reference prior to your outpatient visits.
Make alist of phone numbers and contact information for the hospital.

Explain what medication your treatment consists of (ie, type, dose, and when to take the medication).

Explain how to renew prescriptions.

Areyou aware of how to travel with your medication?

Areyou aware of what travel documentation you need?

Identification of the obstaclesto good adherence (i€, forgetful,, self-conscious, uncomfortable, and belief by patient
that “it doesn’t work anyway”).

Solution to improve adherence (ie, use of alarm, pill box, and goals).

Conversation concerning what is difficult in relation to the disease.

Define beforehand who you would like to inform about the disease.

Prepare sentences about the disease to be used in new relationships and among acquaintances.
Conversation regarding feeling different from peers.

Conversation regarding how the family manages the disease.

Challenges related to absence from school and work.

Are you aware of whom you can rely on if or when the disease progresses?
Write the names of the persons that you can placein your “inner circle’ and “peripheral circle’ of relationships.

Relaxation exercise and visualization
Breathing exercise
Mindfulness

4 BD: inflamnmatory bowel disease.

bThe exercises are performed in cooperation with the IBD-specialized nurse. Selected topics depend on the patient”s difficulties, which are partialy
determined from the patient’s responses to the patient-reported outcome measures (PROMS).

Specific Contentsof the Transition Concept: Transition
Skills and Patient-Reported Outcome M easures

Overview

Based on the bibliographic search and discussion among the

Management of social challenges (eg, socia challenges
related to the disease, who to rely on, and missed school
and work because of the disease).

4. Taking part in health-related decisions in cooperation with
the provider.

consensus group, thefollowing skillswerefound to beimportant ~ Therefore, the existing eHealth program Young Constant Care
for adolescents to achieve in the transition phase [25]: [16] was expanded with an implementation of four selected

1. Diseaseknowledge (eg, regarding the diagnosis, medication,
adherence, hospital procedures, and symptoms).

2. Disease self-management

provider, recognize and react on a flare, refill of

PROM sthat evaluated the patient”s sel f-reported capability and
performance of transition readiness: disease knowledge, disease
self-management, management of social challenges, and taking

(eg, independently report tothe . i1y henth. rel ated decisions.

prescriptions, and coping with the disease).
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Figure 2. Flowchart of the transition-transfer concept. IBD: inflammatory bowel disease; STARX: Self-Management and Transition to Adulthood with

Treatment.
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Sdlf-Efficacy: The Inflammatory Bowel Disease
Self-Efficacy Scale—Adolescents

The construct of self-efficacy describes a person’s perception
of his or her own ability to manage skills required to master
new challenges and has proven to be related to their level of
self-management [ 26]. The disease-specific, self-reported, IBD
Self-Efficacy Scale—Adolescents [26,27] questionnaire has
been devel oped in cooperation with adolescents with IBD and
covers skills related to the chalenges of living with 1BD
between the ages of 12 and 25 years old. During prior work
investigating transition readiness, we found self-efficacy to be
a predictor [28]. The questionnaire is centered on confidence
in various self-management tasks. managing medical care,
managing everyday life with IBD, managing feelings, and
managing the future with IBD. Answers are given on a 5-point
Likert scale and ahigher score representsincreased self-efficacy
(range 13-65) [26,27].

Resilience: The 10-1tem Connor-Davidson Resilience
Scale

Resilience refers to a person’s capability to restore good
functioning after exposure to stress or trauma; for instance, how
well aperson “bounces back” after adiagnosis of IBD [29,30].
The results of adaptation to agiven exposure can either improve,
neutralize, or overload functioning of a person leading to
different levels of dysfunction. The 10-item Connor-Davidson
Resilience Scale [29] is a validated measure of the resilience
construct [29]; in previous work, we have found this measure
to be a good predictor of transition readiness [28]. The topics
of the questionnaire are centered on how to adapt and handle
changes and the capability to achieve goals despite obstacles.
Answers are given on a 5-point Likert scale, ranging from 0
(not trueat all) to 4 (true nearly all thetime), and ahigher score
represents increased resilience (range 0-40) [29,30].

http://pediatrics.jmir.org/2019/1/e12258/

Responseto Stress: The Child Self-Report Responsesto
Stress—I nflammatory Bowel Disease

Theimpact of astressor on an individua is mitigated by his or
her coping mechanisms. The Child Self-Report Responses to
Stress—IBD questionnaire [31,32] was devel oped specifically
for children and adolescents with IBD and covers topics that
the patients may find stressful or difficult to deal with. The
items cover coping and stress responses related to control
engagement (eg, problem solving and positive thinking),
disengagement coping (eg, avoidance), involuntary engagement
(eg, physiological arousal), and involuntary disengagement (eg,
emotional numbing). This questionnaire consists of 10 items;
answers are given on a 4-point Likert scale (ie, none, a little,
some, or a lot) [31]. The score is calculated using a scoring
system delivered by the devel oper.

Sdf-Management and Health Care Transition Skills:
The Self-Management and Transition to Adulthood With
Treatment Questionnaire

The STARX [33] is a generic self-reported questionnaire that
measures self-management and health care transition skillsin
adolescents with achronic disease who arein current treatment
[34]. The items are divided into the following factors:
medi cation management, provider communication, engagement
during appointments, disease knowledge, adult health
responsibilities, and resource utilization. Answers are given on
a5-point Likert scale and a higher score represents an increased
transition readiness.

Discussion

Principal Findings
We have devel oped a personalized transition concept including

relevant and concrete measures involving the patient, provider,
and nurse. Transition elements (ie, PROMs and exercises) are
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implemented in an existing eHeath program. The current
transition concept is presented by specific transition skills that
are needed; exercises on how to improve the patient”s skills by
identification of difficultiesvia PROMs can be adapted to other
sites. The adaptation can be implemented with and without
access to an eHealth tool, as the concept can be managed
nondigitally (ie, use of paper) as well. The concept has been
made ready for testing in clinical practice.

Skills and habits learned during the years of adolescence to
manage their own disease and social challenges related to the
disease form the basis of the patients' behavior in adulthood
[35]. Transition readiness is one of the factors affected by the
patients coping strategies and how they adapt to new
circumstances and cultural differences. Therefore, there is a
need to approach the transition phase in aholistic and individual
manner and to provide patients with appropriate coping
strategies that can support them later in life.

A few intervention studies have investigated the impact of a
different approach to improve transfer readiness, of which joint
consultationswere an essential part [36-39]. In astudy by Cole
et a [36], disease outcomes were evaluated retrospectively
according to joint consultations (ie, pediatric provider, adult
gastroenterologist, and nurse), which were offered to the patient
beginning a the age of 15. At the joint consultation,
disease-specific education and information were provided to
the patients and parents. In a study by Yerushalmy-Feler et a
[38], patientswere offered three appointments during a 6-month
period in atransition clinic offering joint consultation at the age
of 17. The three appointments focused on (1) introduction to
the transition (2), improvement of IBD knowledge and
self-management, and (3) summation and short-term and
long-term planning. Both studies reported improvements in
outcome—disease activity and self-efficacy, respectivel y—after
participation in thetransition clinic. Yerushalmy-Feler et a [38]
evaluated patients self-efficacy using the IBD-Yourself
guestionnaire[40] at baseline and at the end of theintervention;
however, no monitoring of transition readiness progress was
implemented, neither by the providers nor the patient. Cole et
al [36] monitored transition readiness using nonvalidated tools
by the provider but did not involve PROMS. In our opinion, it
is essentia to regularly monitor the transition process for both
the patient and provider, in order to optimize the process and
individualize the effort.

Providing the right support can be a difficult task as it is
complex to measure patients' transition readiness. Different
guestionnaires, such as the Transition Readiness Assessment
Questionnaire [41] and the STARXx questionnaire, have been
used widely; however, no gold standard exists. Therefore, it
seemsthat an appropriate solution isto involve both the pediatric
assessment (ie, Transition readiness checklist) and the adult
provider’'sassessment (ie, Transfer readiness checklist), aswell
as the patient’s view (ie, STARX) on the situation to ensure a
comprehensive evaluation of the patient’s transition readiness,
thereby gaining a measure of the transition concept’s
effectiveness.

http://pediatrics.jmir.org/2019/1/e12258/
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Systematic Approach

Theregular consultationswith the provider are often busy, with
limited time per consultation, which emphasizes the need for
an incorporated systematic approach to ensure a proper
individual transition and transfer process for all patients.
However, the concept needs to embrace individualities and the
ideal number of pretransfer consultations should be flexible
depending on the patient’s needs. The use of PROMSs can help
focus resources on the patients who need it most; however,
accessto amultidisciplinary team of providersand an economic
surplus are needed.

Advantages of Technology

Using an Internet-based tool to collect questionnaires has
advantages. Thisistruefor both for the patient, who can prepare
for the consultation at home, and for the providers, sinceresults
from the PROMs, which are available beforehand, can be
implemented in the consultation. Information and exercises can
easily be accessed through an Internet platform. The eHealth
program is future oriented and intended to be managed by the
adol escent who must report symptoms and medication changes
in the program as part of building his or her involvement in
their own disease management. This facilitates and promotes
the competencies and management skills of the patient, enabling
him or her to gradualy take full responsibility for the
management of their disease and allowing the parents to step
back. The challenge is to establish an eHealth system and to
ensure that the system is in accordance with standards that
cybersecurity officials request.

Per spectives

Our transition concept focuses on the patient, IBD nurse, and
provider. However, two components could receive further
attention. First, more attention should be paid to the parentsand
the need for information about how best to promote
independence in their adolescent child and how to gradually
relinquish responsibility and et go [42]. Second, a posttransfer
adaption environment should be provided in the adult
gastroenterological department, acknowledging that the patients
may not be completely ready for transfer at age 18 [10]. This
is especialy relevant in countries with public health services,
where postponing transfer is not a possibility for economic
reasons[15].

Strengths and Limitations

This transition concept was developed by an interdisciplinary
team involving two IBD centers. The strength of the concept is
theinclusion of both the provider's and the patient”s evaluation
of the transition process, acknowledging the strength of
implementing and using PROMs. All self-reported components
in the concept are validated and trandlated from English to
Danish through a systematic trandation process involving
cognitive tests by the target group (ie, adolescent patients).
However, a limitation is that we did not involve patients and
parents in the selection of the PROMs. The involvement of the
user (ie, the patient) in the design phase has been shown to be
important and to improve the usability of the concept. Patients
will be invited to evaluate the concept after use and, based on
their evaluation, changes can be implemented.
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Degspite the transition and transfer checklists being based on
existing knowledge of selected topics that dominate the
literature, they are limited by a lack of validation. The
effectiveness of the concept will be evaluated after
implementation in the clinic. The search strategy of theliterature
to identify transition skills was limited by the use of only one
database, and that search was not validated by multiple
reviewers.

Conclusions

In conclusion, we have developed a personalized transition
concept consisting of basic core elements, which can be
implemented and adjusted to local conditions. The concept
involvestransition consultations with an IBD-specialized nurse
and ongoing eval uation from both the patient and provider. The
transition concept is designed to run for along period of time
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Abstract

Background: Nearly half of the unintentional injuries in children happen in and around the home; many of these injuries are
preventable. Providing parents and caregivers with proper injury prevention information that is easily accessible may help them
make their homes safer for children.

Objective: The aim of this study was to evaluate parental injury prevention awareness and home safety behaviors, motivations
for and challenges to taking injury prevention and safety actions for parents as well as user experience following the use of the
Make Safe Happen mabile app.

Methods: A total of 40 parents with children aged 0-12 years living in Columbus, Ohio, participated in 1 of 5 focus group
discussions following the completion of (1) a pretest survey, (2) use of the Make Safe Happen app, and (3) a posttest survey.

Results: Following the use of the Make Safe Happen app, parents reported a significant increase in injury prevention awareness
and completed 45% more home safety behaviorsin and around their homes. Nearly all of the parents felt the app provided them
with the information needed to make their home safer for their children; the great majority of parents intended to make such
changesin the future.

Conclusions: The combination of qualitative and quantitative data collection allowed for rich data capture and provided adeeper
understanding of parents’ safety knowledge, behaviors, app use, and decision making regarding child injury prevention in and
around the home. The Make Safe Happen app provides the information and motivation parents and caregivers need to help them
take steps to prevent child injuries that may occur in and around their homes.

(IMIR Pediatr Parent 2019;2(1):€12022) doi:10.2196/12022

KEYWORDS
smartphone; mobile phone; mobile app; parents; focus groups; technology

http://pediatrics.jmir.org/2019/1/€12022/ JMIR Pediatr Parent 2019 | vol. 2 | iss. 1 [e12022 | p.70
(page number not for citation purposes)


mailto:kristin.roberts@nationwidechildrens.org
http://dx.doi.org/10.2196/12022
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING

Introduction

Injury Prevention

Unintentional injuries, such as injuries caused by burns, falls,
drowning, poisoning, and motor vehicles, are theleading cause
of death among children aged 1 to 19 years[1], resulting in over
9000 deaths and more than 9 million emergency department
visits annually [2]. Approximately one-half of unintentional
injuries in children occur in and around the home [3].
Fortunately, parents can reduce the risk of these injuries by
removing hazards from their home, consistently practicing safe
behavior (eg, storing medicines and household cleanersin locked
cabinets), and by properly installing and regularly using safety
products such as smoke alarms, carbon monoxide detectors,
stair gates, cabinet locks and latches, and television (TV) and
furniture anchors [4,5].

Parents and caregivers play a critical role in the prevention of
home injuries, yet barriers include locating credible injury
prevention information and identifying home hazards [6] as
well as obtaining and properly installing safety devices in the
home [7,8]. Successful preventive strategies rely on parental
education and behavior change as well as environmental
modifications [8-10]. Previous research suggests that the
delivery of injury prevention information should coincide with
the appropriate ages and developmental stages of the child to
be most effective [11]. Offering home safety information on
multiple topics in conjunction with the ability to easily acquire
recommended safety devices may provide more efficient,
wide-reaching means to reduce these potential barriers and
encourage parental behavior change.

Mobile technologies, specifically apps (on mobile phones)
provide a means to deliver efficient and cost-effective health
information. It is estimated that nearly 80% of Americans own
amobile phone [12], and adults spend nearly 2 hours each day
using mobile apps on these devices [13]. Although mobile
technol ogies have been associated with behavior changein the
areas of public health[14,15], few have been created to prevent
unintentional injuries and even fewer have been systematically
and rigorously evaluated [16-19]. Thus, there is a need for
evaluating the effectiveness of awide-reaching injury prevention
mobile app.

The Make Safe Happen App

The Make Safe Happen app was created to help parents and
caregiverswith young children (aged 0 through 12 years) make
their homes safer by helping them to identify injury hazardsin
and around their home. The app was developed by the safety
experts in the Center for Injury Research and Policy at
Nationwide Children’s Hospital in partnership with Nationwide
and allows usersto tailor safety information by their child’ sage
and by features of their home. The authors sought to examine
if and how parents would use an injury prevention mobile app
(the M ake Safe Happen app) to learn how to take safety actions
in their home and adopt behaviors that could prevent
unintentional injuries [20].

We conducted a series of enhanced focus groupsto explorethe
following themes: (1) injury prevention awareness and home
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safety behaviors, (2) Make Safe Happen app user experience,
and (3) motivation for taking injury prevention or safety actions
and challenges to accomplishing home safety as perceived by
parentswith children aged 12 years and younger. Understanding
how parents and caregivers used the Make Safe Happen app
was thought to have important implications for confirming the
efficacy of a potentially broad-reaching injury-prevention,
behavior change intervention.

Methods

Study Design

We conducted 5 focus groups with parents of children aged O
through 12 years in Columbus, Ohio, to explore attitudes and
actions around home safety as well as their experience using
the Make Safe Happen app. These focus group discussions are
referred to as enhanced focus groups throughout this study
because of the additional participant requirements (ie, pretest
and posttest survey, app Uutilization, and focus group
discussions). Enhanced focus groupsallowed for both quditative
and quantitative data collection to occur for each participant.
Before the focus group, parents compl eted a Web-based pretest
and posttest survey and downloaded and used the Make Safe
Happen app for 7 to 10 days. Parents completed a Web-based
consent before beginning the pretest and awritten consent before
the focus group discussion. Following the Make Safe Happen
app download, participants accepted the app’s terms and
conditions. Participants were assigned a unique identification
(participant ID) number which alowed for linking of the
participant’s pretest, posttest, and app usage data. Participants
could remove their participant 1D following the focus group
discussion. If the participant refused to enter the participant 1D
or removed the | D before completing all parts of the study, they
were deemed ineligible. App utilization and analytic data for
each participant were collected using Google Analytics (GA),
afree Web-based analytic platform. Similar to traditional focus
groups, participants were engaged in adiscussion facilitated by
amoderator. Thefocus group discussionswere apart of alarger
study to evaluate the effectiveness of the Make Safe Happen
app on safety knowledge, actions, and behaviora intentions
[20]. The study was approved by the Research Ingtitute at
Nationwide Children’s Hospital Institutional Review Board.

Recruitment

Participants for this study were recruited by a market research
firm, using its panel of individuals who had previously opted
in to help with research studies. After identifying panelists that
may be eligible, the market research firm screened participants
for eligibility over the phone. To be eligible, participants needed
to be the parent or legal guardian of at least one child aged O
through 12 years who lived with them most of the time. The
child age range was selected based on the available age
categories within the Make Safe Happen app, which alows
users to filter child injury prevention recommendations and
content for children aged O through 12 years. To meet study
eligibility criteria, participants had to be>18 years, comfortable
answering questionsin English, own asmart phone, and willing
to download and use the Make Safe Happen app for 7 to 10
days. If parents had previously downloaded or used the Make
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Safe Happen app, they were not eligible for participation.
Participants reflected a mix of genders, races, and ethnicities.

Pre- and Posttest Survey

Following telephone recruitment and screening for eligibility,
eligible participants were emailed a unique pretest survey link
containing a Web-based consent form and questions regarding
their safety behaviors, safety knowledge, safety device
acquisition and use, and behavioral intentions to adopt future
safety actions.

The Make Safe Happen App, Actions, and Google
AnalyticsLinkage

Following completion of the pretest survey, participants were
asked to download and use the M ake Safe Happen app. General
features of the app include the ability for users to tailor safety
information by their child’s age (ie, 0 to 11 months, 12 to 23
months, 2 to 4 years, 5 to 9 years, and 10 to 12 years) and
customize their experience by selecting features of their home

Figure1l. Make Safe Happen Mobile App.
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(ie, standard rooms, garage, basement, stairs, and hallways).
The Make Safe Happen app allows users to identify injury
hazards with customized room-by-room checklists, links to
purchase safety products best suited to the features of their
homes via a Web-based global retailer, create shopping lists,
and set reminders to encourage consistent safety behaviors.
Within each room, users can select injury prevention topics;
onceclicked, the user will view checklists containing prevention
tipsand tasksfor each injury prevention topic (Figure 1). Injury
prevention tasks include the option to add a safety product to
their shopping list, shop for products (linking the user directly
to the Amazon search for that product), and the ability to add
reminders to the calendar (including reminders to change
batteries and test devices such as smoke detectors and carbon
monoxide alarms). The Make Safe Happen app was available
for free download from the Google Play store or the Apple App
store. Participants downloaded the Make Safe Happen app
version 2.2.0.
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Upon completion of the pretest survey, participants received a
unique study app identification (app | D) number and instructions
via email to download the Make Safe Happen app onto their
mobile phone. Participants entered the app ID, a 6-digit
alphanumeric code, into the Make Safe Happen app so their
actions in the app could be linked to their pretest and posttest
survey data. After a period of 7 to 10 days of app use,
participants were emailed a unique posttest survey link.
Participants’ app usage was collected by using GA. When a
participant checked an item off in the app, a data point linked
to the participant 1D was recorded in GA. The participant 1D
also allowed for data collected from nonstudy users (those
without an app 1D) to be separated from the study participant
app analytics.

Focus Group Discussion Themes

Participants who completed the pretest, app download, and
posttest survey were invited to attend 1 of the 5 in-person focus
group discussions. A total of 5, 90-min in-person focus group
discussionswere completed during October 2016 in Columbus,
Ohio. Groups of 8 parents were organized according to the age
of the index child (2 groups for parents with children aged <2
years and 1 group for parents with children aged 2 to 4 years,
5to 9 years, and 10 to 12 years). For participants with multiple
children, the index child was assigned to the group that
contained the least number of parents at enrollment; these
parents were asked to only discuss the index child during the
focus group discussions. While waiting for the focus group
discussions to begin, they completed a brief survey collecting
the participants' home safety and app experience rating. Data
reported are for participantsthat completed al parts of the study.

A professional focus group moderator (AS) led each session
through focused conversation, using a discussion guide
developed by the study team to ensure critical questions and
probes of interest were discussed. The research team observed
the focus group discussions through a one-way mirror.
Discussions were audio-taped, transcribed by a professional
transcription service, and proofed for accuracy by the research
team and moderator. At the conclusion of the focus group
discussions, participants received a M ake Safe Happen-branded
gift bag containing home safety information. Participants were
paid US $150 to thank them for their time. Results from the
focus group discussions were paired with corresponding data
collected from the pretest and posttest surveys, user experience
questions, and GA and presented accordingly under each
thematic subsection.

Outcomes and M easures

The enhanced focus group design aimed to explore parents’ (1)
injury prevention awareness and home safety behaviors; (2)
M ake Safe Happen app user experience; and (3) motivation for
taking injury prevention or safety actions as well as the
challenges that may inhibit these safety behaviors.

Injury Prevention Awareness and Home Safety
Behaviors

Injury prevention awareness was measured by responsesto 17
multiple choice questions asked in each of the pretest and
posttest surveys based on content delivered in the Make Safe
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Happen app. One point was given for each correct answer, and
the total of correct answers was summed and divided by the
total number of questions (17) for each participant to calculate
the total safety knowledge score. The mean total safety
knowledge score for all participants was derived by calculating
the mean of the total safety knowledge score.

Home safety behaviors were determined via responses to
guestions on both the pretest and posttest surveysthat measured
the participant’s repeated safety behaviors, which are safety
behaviors that are recommended to be done repeatedly such as
locking up medications, and safety behaviors, which are
behaviors that are typically completed once such as installing
a smoke alarm. The frequencies of the participants' repeated
safety behaviors and safety behaviors were measured by
responsesto 14 multiple choice questionsand 15 multiple choice
questions, respectively. A home safety rating was collected
during a written exercise before the start of the focus group
discussions and was measured by a 5-point Likert scale, where
1 indicated Everything is childproofed, 3 indicated Safe, but
roomfor improvement, and 5 indicated Nothing is childproofed.

Make Safe Happen App Participant Usage and Actions

From September 29, 2016, to October 13, 2016, GA data
regarding participants’ sessions, defined asthe number of times
the app was opened and at least 1 or more action was taken
within the app as well as the number of app screens viewed,
werecollected. In addition, data of completed app safety actions,
actions completed within the app such as checking off items,
creating calendar reminders, or adding safety devices to a
shopping list, were collected. GA provides individua and
aggregate data for the total number of app sessions, screens
viewed, the average number of screens viewed per session, and
the average duration of time of each session for the focus group
participants. GA does not generate the total amount of time
spent on the app per individual. Each parent’s app experience
rating was collected before the focus group on the written survey
and was measured by rating the Make Safe Happen app on a
scale of 1 (positive) to 5 (negative). Using a Likert scale where
lindicates dislike and 5 indicates liked a lot, parents provided
a rating of features for the room-specific checklists and the
ability to customize the app based on rooms and features of
their home.

Motivation for Prevention and Challengesto Home
Safety

During the posttest survey, parents were asked to select the
safety tasks that they had completed in and around their home
aswell as the reasons why they had not made other changesto
their home during the past week. Before the start of the focus
groups, parents completed a brief one-page app experience
survey which asked them to describe the emotions and feelings
they had regarding their app experience as well as open-ended
questions regarding the features they liked the most and the
least.

Data Analysis

Survey response data were analyzed by using SPSS statistical
software 24.0 (SPSS Inc) and SAS Enterprise Guide version
7.1 (SAS Institute, Inc). A thematic analysis was conducted by
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a process similar to that recommended by Braun and Clarke
[21]. AS and OK used the focus group transcripts to identify
and analyze important themes. Transcripts were created from
audio recordings of the focus group discussions. Members of
the study team reviewed the transcripts beginning at the section
of each transcript corresponding to the questions asked by the
moderator. Initial codes were

created based on the parents’ discussion for each question asked
by the moderator. Similar and dissimilar responses were
grouped, unique or different comments were noted, and patterns
addressing the key questions of interest were summarized to
extract important themes. These themes were refined and
reorganized after review, keeping in mind the key objectives of
the research. Any disagreements were resolved via discussion.
The results are presented under each respective section: (1)
injury prevention awareness and home safety behaviors; (2)
M ake Safe Happen app user experience; and (3) motivation for
prevention and challenges to home safety.

Pretest and posttest difference of the mean total safety
knowledge score was analyzed with the chi-sguare test using
alpha=.05. Statistical methods were not applied to all repeated
safety behaviors and all safety behaviors because of small
frequencies that lacked statistical robustness. This study was
approved by the Ingtitutional Review Board at the Nationwide
Children’s Hospital.

Results

Overview

Participants who completed both the pretest and posttest surveys
and downloaded and used the app were invited to attend 1 of
the 5 focus group discussions (N=49). A total of 9 participants
were dismissed immediately before the focus group discussions
to maintain small group sizes. Dismissal was determined based
on thetime of arrival, and thefirst 8 participantsto arrive were
invited into the discussions. The remaining participants were
paid before dismissal. A total of 40 parents participated in 1 of
5 focus groups consisting of 8 parents within each group with
58% (23/40) mothers and 43% (17/40) fathers. Parents were,
on average, aged 35.8 (SD 6.0) years, mostly white,
non-Hispanic (65%, 26/40), members of a 2-parent household
(75%, 30/40), educated (Bachelor's degree or more; 75%,
30/40), and employed full time (65%, 26/40). Most parents
reported owning their own home (68%, 27/40) and living in
their home for =5 years (35%, 14/40). Parents had an annual
household income of =US $80,000 (51%, 20/39) and reported
feeling they are meeting ends easily or very easily with their
income (63%, 25/40; Table 1).

Injury Prevention Awareness and Home Safety
Behaviors

Pretest and Posttest Survey

Following app use, the mean safety knowledge score
significantly increased from 63% (10.7/17) at pretest to 81%
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(13.7/17) at posttest (P<.001). The percent of participants who
completed all repeated safety behaviors increased by 20.0%,
from 48% (19/40) at pretest to 68% (27/40) at posttest, and the
percent of participants who completed all safety behaviors had
alarger increase of 45%, from pretest (15%, 6/40) to posttest
(50% (20/40); Table 2). On the posttest survey, one parent did
not use the app within the study period, and over 60% of parents
(62%, 24/39) reported that they were already following safety
behavior.

Focus Group Discussions

During the focus groups, parents reported that they could be
doing more to prevent injuries in their homes and that they
became more aware of the different waysthey could maketheir
homes safer, following app use. On average, participants gave
their homes a home safety rating of 2.7 (range 2.5-2.9), just
better than Safe, but room for improvement. Parents discussed
that they had taken several safety measures such as installing
outlet covers, doorknob covers, baby gates, cabinet locks,
window stops, and blind cord shorteners; securing cleaning
products; securing furnitureto thewall; and checking firealarm
batteries and believed these actions had hel ped prevent injuries.
All parent participants reported that they were motivated to
install safety devices, however, the type of safety devices
mentioned for installation differed by child age.

During the focus group discussions, parents of younger children
(aged 0 to 2 years) were particularly motivated to install, test,
and/or purchase safety devicessuch as TV and furniture anchors,
carbon monoxide aarms, ovenlocks, corner guards, and window
locks. Parents of children aged over 2 years were motivated to
improve home fire safety and were especially interested in
testing, installing, and purchasing products such as smoke
alarms, fire extinguishers, and fire escape ladders, as well as
preparing for a home fire by practicing a home fire drill using
the Make Safe Happen app:

| had added the tethers to all the furniture when my
seven-year-old and my five-year-old were young,
but...now we have a nine-month-old, and we had to
purchase other furniture...I thought | was golden and
all that, but there was a good reminder...and there
wasone TV that we didn’t have attached to thewall...|
didn’t even know there was a water temperaturething
you could do. I'd never heard of that before, either.
S0, | need to look more into that. [Parent of a child
aged 0to 2 years]

We only had our really old fire extinguisher, and
it's...in the garage...this made me think, like “ Oh,
we should probably have one out there and onein the
house] and we haven't checked it...It probably
doesn’'t even work...I hadn’t thought about that at
all, and I'm pretty safety-conscious, so that's one
thing that's on the list to get. [Parent of a child aged
10to 12 years)
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Table 1. Demographic characteristics of enhanced focus group participants.

Demographic characteristics Focus group partici- Parentsof children  Parentsof children  Parentsof children  Parents of children
pants (n=40) <2 years (n=16) 2-4 years (n=8) 5-9 years (n=8) 10-12 years (n=8)

Age (years), mean (SD) 36 (6) 34 (5) 32(3) 37 (7) 41 (60)

Number of children <18 yearsin 2(1) 2(2) 2(2) 2(1) 3

household, mean (SD)

Gender, n (%)?

Fathers 17 (43) 7(44) 3(39) 4 (50) 3(39)

Mothers 23 (58) 9 (56) 5(63) 4(50) 5 (63)
Race or ethnicity, n (%)

White, non-Hispanic 26 (65) 12 (75) 5(63) 4(50) 5 (63)

Black, non-Hispanic 10 (25) 2(13) 2(25) 3(38) 3(39)

Other 4(10) 2(13) 1(13) 1(13) 0(0)
Education, n (%)

<High school or Genera Educa- 1 (3) 0(0) 1(13) 0(0) 0(0)

tion Development

Some college 9(23) 4(25) 3(39) 1(13) 1(13)

>Bachelor's degree 30 (75) 12 (75) 4 (50) 7(898) 7(898)
Employment, n (%)

Full Time 26 (65) 12 (75) 4(50) 6 (75) 4(50)

Part-Time 5(13) 2(25) 1(13) 2(25) 0(0)

Stay at home parent 8(20) 1(6) 3(39) 0(0) 4 (50)

Other 1(3) 1(6) 0(0) 0(0) 0(0)
Household, n (%)

Two Parent 30 (75) 15 (94) 4 (50) 5 (63) 6 (75)

Single Parent 10 (25) 1(6) 4 (50) 3(38) 2(25)
Home ownership, n (%)

own 27 (68) 12 (75) 2(25) 6 (75) 7(88)

Rent 13(33) 4(25) 6 (75) 2(25) 1(13)
Timein current household, n (%)

>5 years 14 (35) 4(25) 2(25) 5(33) 3(39)

3-4years 12 (30) 7 (44) 2(25) 1(13) 2(25)

1-2 years 10 (25) 3(19) 4 (50) 1(13) 2(25)

<11 months 4(10) 2(13) 0(0) 1(13) 1(13)

Incomeb, n (%)

<$20,000 1(3) 0(0) 1(13) 0(0) 0(0)
$20,000-$39,999 5(13) 1(6) 3(38) 1(13) 0(0)
$40,000-$59,999 8(21) 3(19) 0(0) 0(0) 5(63)
$60,000-$79,999 5(13) 3(19) 2(25) 0(0) 0(0)
>$80,000 20 (51) 9 (56) 1(13) 7(88) 3(38)
Livability, n (%)

Meet ends with difficulty or 3(8) 4(25) 1(14) 1(13) 0(0)
with great difficulty

Just get by 12 (30) 0(0) 4 (43) 0(0) 5(33)
Meet ends easily or very easily 25 (63) 12 (75) 3(29) 7 (88) 3(38)
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#Total percentage may not add to 100 because of rounding.
BIncome miss ng n=1 because participant preferred not to answer.

Roberts et al

Table 2. Percentage of mean safety knowledge score and of participants who completed all safety behaviors.

Study Measures Pretest Posttest
Mean safety knowledge score? 63 81

All repeated safety behaviors, n (%) 19 (48) 27 (68)
All safety behaviors, n (%) 6 (15) 20 (50)

3p<.001.

M ake Safe Happen App User Experience

Make Safe Happen App Participant Usage and App
Safety Actions

There were 229 app sessions during the study period for the 40
parti cipants who compl eted the focus group discussions. During
these app sessions, 3314 screens were viewed averaging 14.5
screens per session for an average duration of 8 min and 24
seconds. Participants compl eted 1972 app safety actions. A total
of 42% (17/40) of parentscompleted all tasksfor at least 1 room
in the app. Of the standard 4, the bedroom (22%, 9/40) and
kitchen (20%, 8/40) were most commonly completed within
the app by participants. Participants set a total of 19 calendar
reminders. Testing smoke alarms had the greatest number of
set reminder actions (n=7), followed by testing carbon monoxide
alarms and replacing smoke alarm batteries, where n=3 for both,
and 1 person reported completing the action to replace carbon
monoxide alarm batteries (Textbox 1).

Focus Group Discussions

Most parents (73%, 29/40) reported that they had a positive
experience while using the app. On average, parents gave the
app an app experience rating of 2.1. Parents of children aged
lessthan 2 years had aparticularly positive experience, with an
average app experience rating of 1.7, whereas the average
among parents of children aged 2 years and older was 2.3.
Almost al parents (93%, 37/40) indicated they felt informed
while using the app. Other common emotions reported were
positive, including feeling encouraged (58%, 23/40), empowered
(40%, 16/40), and engaged (40%, 16/40):

Informative of things | didn’t know about but also
made me feel | should push to make my home safer
and bemorealert. [Parent of achild aged 0to 2 years]

It wasvery detailed. I'machecklist personand | love
that about it! It made me thinking about things in
different areasthat | wouldn’t have thought of. [Parent
of achild aged 0 to 2 years|

| thought it was easy to use, but | really liked how it
was organized by room, because it wasn't so
overwhelming. [Parent of achild aged 10to 12 years]

http://pediatrics.jmir.org/2019/1/€12022/

During the discussions, parents reported that they typically only
checked off items in the app checklist after they completed the
app safety action; app safety actions added to the participant’s
mental checklist were not checked off in the M ake Safe Happen
app checklist and thus would not be recorded as an app safety
action in GA. Parents liked the option to add the Poison Help
Number to their contacts; however, only about one-third (14/40)
of them reported adding the number to their mobile phones and
only 20% (8/40) actually completed that app safety action.
During the discussion, some parents said they already had it in
their mobile phone contacts and others said they would “ Google
it" if they needed to call the number. In addition, parents liked
the shopping list and calendar functions of the Make Safe
Happen app, yet they reported that they did not use these
features (Table 2). Parents reported not using the shopping
features because they either do not often use their phones to
shop or because they needed to discuss their purchases with
their spouse or partner. Participants who reported not using the
calendar feature either do not use the calendar on their mobile
phone or already have a plan to regularly change their smoke
alarm (or carbon monoxide alarm) batteries.

Parents provided a rating of features for the room-specific
checklists and the ability to customize the app, both scoring
means of 4.5 (liked a lot). Parents of children aged below 5
yearsseemed likely to keep using the app, whereas parentswith
children aged 5 years or above seemed less likely to continue
to use the Make Safe Happen app:

It has good information...I think [I’11] keep it around,
is because | know even if you were to

have everything checked off, it's just good to look at
that list just to reaffirm it. [Parent of achild aged O
to 2 years)

I think I'll keep it, just because as my kids get older,
| can change the ages on it and it will adjust the
differences that might be applicable to their age
groups. [Parent of achild aged 2 to 4 years)|

I think once | went through all the rooms and set the
calendar reminders, | think the only reason may be
to keep it would be-like the fire escape plan, as the
kids get older, let them practice and use the phone.
[Parent of achild aged 5to 9 years]
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Textbox 1. The Make Safe Happen app safety actions as recorded in Google Analytics.

Roberts et al

Index child age

o 12-23 months (n=16)
e« 2-4years(n=8)

« 59years(n=8)

e 10-12 years(n=8)

e 0-11 months (n=9)

o 12-23 months (n=10)
e 2-4years(n=18)

« 5-9years(n=18)

e 10-12 years (n=13)

Rooms completed

« Anyroom (atota of 17 participants completed al of the tasks for at least one room; n=17)
«  Bathroom completed (n=5)

«  Basement completed (n=3)

. Bedroom completed (n=9)

o  Carscompleted (n=4)

«  Driveway completed (n=4)

«  Fireplace completed (n=3)

.  Garage completed (n=2)

«  Kitchen completed (n=8)

«  Laundry Room completed (n=6)

o  Living Room completed (n=5)

«  Playroom completed (n=1)

o  Stairs& Hallways completed (n=6)
e  Yard completed (n=1)

Set reminder

. Total set reminders (n=19)

o  Testing smoke alarms (n=7)

«  Testing carbon monoxide alarms (n=3)
«  Replacing smoke aarm batteries (n=3)

«  Replacing carbon monoxide alarm batteries (n=1)

Check off safety actions (n=1741)

Shop for (n=39)

Shop for shopping list (n=19)

Shop for amazon (n=14)

Socia share (n=3)

Added poison help number to contacts (n=8)
Total app safety actions (n=1972)

Selected child age in app (study participants were able to select the ages of all their children in the app, including the index child age)
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Table 3. Self-reported parental barriers to take safety actions.

Roberts et al

Barriersto taking safety actions

Statistics, n (%)?

Intend to make changesin near future

Already follow these safety recommendations

Do not have time to make changes

Do not think the information is relevant to me

Cannot afford safety products now

Did not take safety action or actions for some other reason

Am not ready to follow safety recommendations

34 (87)
24 (62)
13(33)
10 (26)
9(23)
6 (15)
4(10)

&Total does not add to 100% because participants could select more than one barrier.

Mativation for Prevention and Challengesto Home
Safety

Pretest and Posttest Survey

On the posttest survey, one-third of the parents (33%, 13/39)
reported not having enough time to make the recommended
changes, whereas approximately one-quarter of parentsreported
not being able to afford these changes (23%, 9/39) or that they
did not think the recommendationswere rel evant to them (26%,
10/39). However, amost 90% (87%, 34/39) of parents reported
intending to make changes in the future (Table 3).

Focus Group Discussions

Parents described feeling overwhelmed with the amount of
safety tasks included in the Make Safe Happen app.

It was overwhelming. | was like, oh my gosh, we're
failing. [Parent of a child aged O to 2 years]

For parents of children of all ages, making the safety tasks easier
would motivate them to complete injury prevention tasks. They
said they would be more likely to complete these safety tasks
if they had more time, reminders, easier access to safety
products, less expensive products, and assistance with
installation of safety devices. Parents also mentioned that some
parents and guardians or family members may be another barrier
to taking safety actions:

Abarrier isactually...my husband...when | bring stuff
up, he'slike, “ Why? Wedidn't havefireladderswhen
we were a kid, so why?” ...I begged for Christmas
for in-laws to buy a fire extinguisher, and he's like,
“Why do we need one in the basement?” [Parent of
achild aged 0 to 2 years]

I think cost could potentially be something that would
maybe put someone—not be able to do everything.
Especially with the window stop sand the fire escape
ladders. That's a large expense, and if you have a lot
of upstairsrooms. [Parent of achild aged 5to 9 years]

Additionally, some parents mentioned seeing the risks of not
doing tasks or a near miss situation would motivate them to
further take safety actionsin their home:

Thislast week hasbeen really cool, like where | want
the windows open at night, but then I’ mlooking at it,
like, I guess they could [fall out]...so then | was, “|

http://pediatrics.jmir.org/2019/1/€12022/

guess it’s not worth the risk” so | did close up the
windows and lock ‘em, since we don’t have bars or
anything in there for now...It did make me conscious.
[Parent of achild aged 0 to 2 years|

| never didthe TV strap.. I’ ve never really had a close
call withit, but I guessyou don’t want to have a close
call, because that might be it...I can lift up my TV
with...one hand...I guess maybe | didn't believe it,
that it could kill a kid. [Parent of a child aged 2to 4
years]

Discussion

Principal Findings

This study demonstrates that an injury prevention mobile app,
Make Safe Happen, can be used to improve parental safety
knowledge and positively influence parental behavior by
motivating parents to complete safety actions to make their
home safer for their children. By using enhanced focus groups
to combine qualitative and quantitative data, this study wasable
to deeply explore parental knowledge, behaviors, and decisions
regarding child injury prevention in and around the home
following the use of the Make Safe Happen app. Although
previous work has highlighted successful injury prevention
strategiesthat incorporate parental education, behavior change,
and environmental modification [8-10], this methodology
allowed for further exploration of each component following
app use. Our findings suggest that the Make Safe Happen app
may be a valuable resource that can provide parents with the
knowledge and resources needed to encourage the completion
of child injury prevention tasksin and around the home. To our
knowledge, this study is the first to utilize enhanced focus
groups to evaluate a child injury prevention app developed to
help parents and caregivers keep their children safe in and
around the home.

Strategiesto prevent homeinjuriesto childrenincludeincreasing
parental safety knowledge and environmental modification and
facilitating behavior change [5]. Effective injury prevention
interventions may incorporate all 3 components as increasing
awareness and knowledge may facilitate behavior change
including environmental modification such as the installation
and proper use of safety devices. Similar to other research
evaluating technologies developed to increase child injury
prevention knowledge and behaviors [22,23], parents in our

JMIR Pediatr Parent 2019 | vol. 2 | iss. 1 [€12022 | p.78
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

study reported a significant increase in injury prevention
awareness measured by their meansafety knowledge score and
completed 45% more home safety behaviors, following the use
of the Make Safe Happen app. Following app use, parents stated
the app content hel ped rai se their awareness regarding the safety
of their homes, the need to make their homes safer, and the
ability to know the safety measures needed to improve their
home safety.

Although removing hazards and installing safety devices can
reduce the risk of home injury [4], parents may find it difficult
to compl ete these tasks because these modifications often take
time, money, resources, and may vary by child age and
developmenta stage [11,24,25]. Parents of younger children
(aged O to 2 years, with no previous older children) may have
felt more overwhelmed by the information presented because
they may not have previously thought about and/or taken steps
toward preventing injuries in their homes. However, these
parents gave the app a more positive app experiencerating and
were most motivated to improve the safety of their home by
installing safety devices.

Although we were able to view the app analytics to confirm
that parents opened the app, viewed screens, and completed
actions within the app, these actions do not correlate to the
actions completed within the parent’s home. During the focus
group discussions, parents shared that while they used the app
and explored the content, they did not physically mark the action
as completed in the app until the action was completed in their
home. Thus, items added to a mental checklist would not be
documented as completed in the app if they simply read and
acknowledged that this task was something they wanted to do.
Similarly, parents reported liking certain app features, such as
adding the Poison Help Number to their contacts, even though
they decided not to use the features during the study period.
Following use of the app, parents stated they would be more
likely to complete tasks around their home that could prevent
child injuries if they had more time, more reminders, easier
access, and less expensive products as well as assistance to
complete these tasks. Future directions could explore
opportunitiesto incorporate additional remindersand resources
such as discounts on safety products and installation services
to help motivate task completion. Although continued app use
following the study isunknown, parents of children aged bel ow
5 years expressed an interest in continued app use and reported
apositive app experience, stating they felt informed, encouraged,
empowered, and engaged while using the app.

Limitations

This study has several limitations. First, our sample consisted
of predominately white non-Hispanic participants, and there
was no control or comparison group for this portion of the study,
thus limiting the generalizability of these findings. In addition,
participants were existing members of a research panel.
Participants may have agreed to participate because they were
active technology users or had an interest in injury prevention
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or research, which may have introduced self-sel ection bias. For
the purposes of the focus groups organi zation, participants were
asked to only discuss the child(ren) that was within that age
group, although parents may have had additional children in
other age groups and this additional parenting experience or
knowledge may have biased some of their discussions. However,
parents were asked to use the app as they naturally would if
they had found it on their own. In addition, the content within
the Make Safe Happen app focuses more heavily on injury
prevention information relevant to younger children. Therefore,
parents with only older children may have not been exposed to
all injury prevention topics. Although participants were aware
that their app use was being monitored, they were not reminded
or prompted to use the app during the study period, which could
have increased app use during this limited period of 7 to 10
days. Finally, no observed safety behaviors or long-term
outcomes such as app usage were collected, thus limiting our
understanding of participant app usage and safety behavior
change following our study period.

Degspite these limitations, this study brings to light important
information regarding parental attitudes, knowledge, and
behaviorsregarding child injury prevention in the home. Mobile
delivery isafeasible and wide-reaching option to provide home
injury prevention information to parents. This methodology
provides a cost-effective approach to obtain valuable, quditative,
and quantitative dataregarding one’s understanding and practice
beforetheintervention (Make Safe Happen app use), actual app
usage, and detailed discussions concerning their perceived
barriers and motivators for injury prevention. Future directions
may explore the benefits of additional reminders, notifications,
and linksto resourceswithin the app. Additional research should
investigate continued app use and user engagement and
motivators for the completion of home injury prevention tasks
for parents with children of all ages.

Conclusions

The combination of the qualitative and quantitative datagreatly
enriched our understanding of parents attitudes, knowledge,
and behaviors regarding the use of a child injury prevention
mobile app, Make Safe Happen. Following app use, parents had
an increase in knowledge and self-reported home safety
behaviors. Although parents had a positive app experience,
barriers to home safety such as time as well as access to and
cost of safety products remain challenges delaying or preventing
the completion of some home safety tasks. The Make Safe
Happen app may provide parents and caregivers with the
information and motivation needed to hel p prevent childinjuries
in and around their homes. The enhanced focus group approach
isavaluable and cost-effective method that allowsfor rich data
capture and provides a deeper investigation into the actions,
behaviors, and decision making of parentsregarding childinjury
prevention in and around the home. Future research should
evaluate long-term user engagement and behavior change for
parents with children of al ages following the use of a mobile
app designed for child injury prevention.
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Abstract

Background: Asthmaisachronic pulmonary disease with multipletriggers. It can be managed by strict adherence to an asthma
care plan and by avoiding these triggers. Clinicians cannot continuously monitor their patients’ environment and their adherence
to an asthma care plan, which poses a significant challenge for asthma management.

Objective: In this study, pediatric patients were continuously monitored using low-cost sensors to collect asthma-relevant
information. The objective of this study was to assess whether kHealth kit, which contains low-cost sensors, can identify
personalized triggers and provide actionable insights to clinicians for the development of atailored asthma care plan.

Methods: The kHealth asthmakit was devel oped to continuously track the symptoms of asthmain pediatric patients and monitor
the patients’ environment and adherence to their care plan for either 1 or 3 months. The kit consists of an Android app—based
guestionnaire to collect information on asthma symptoms and medication intake, Fitbit to track sleep and activity, the Peak Flow
meter to monitor lung functions, and Foobot to monitor indoor air quality. The data on the patient’s outdoor environment were
collected using third-party Web services based on the patient’s zip code. To date, 107 patients consented to participate in the
study and were recruited from the Dayton Children’s Hospital, of which 83 patients completed the study as instructed.

Results: Patient-generated health data from the 83 patients who completed the study were included in the cohort-level analysis.
Of the 19% (16/83) of patients deployed in spring, the symptoms of 63% (10/16) and 19% (3/16) of patients suggested pollen
and particulate matter (PM2.5), respectively, to be their major asthma triggers. Of the 17% (14/83) of patients deployed in fall,
symptoms of 29% (4/17) and 21% (3/17) of patients suggested pollen and PM 2.5, respectively, to be their mgjor triggers. Among
the 28% (23/83) of patients deployed in winter, PM 2.5 was identified as the major trigger for 83% (19/23) of patients. Similar
correlationswere not observed between asthma symptoms and factors such as ozone level, temperature, and humidity. Furthermore,
1 patient from each season was chosen to explain, in detail, his or her personalized triggers by observing temporal associations
between triggers and asthma symptoms gathered using the kHealth asthma kit.

Conclusions: The continuous monitoring of pediatric asthma patients using the kHealth asthma kit generates insights on the
relationship between their asthma symptoms and triggers across different seasons. This can ultimately inform personalized asthma
management and intervention plans.

(JMIR Pediatr Parent 2019;2(1):€14300) doi:10.2196/14300

KEYWORDS
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Introduction

Background

Asthma is a chronic inflammatory lung disease affecting 26
million people in the United States, of which 6 million are
children [1]. It is a multifactorial disease, with exposure to
different triggers manifesting as symptoms of varying intensities,
which demands a personalized diagnosis and management plan
[2]. Timely feedback and intervention are not possible with
infrequent  clinical  visits because most of the
asthma-exacerbating factors are in the patient’s environment
and are not tracked meticulously [3,4] or because of the lack of
medication adherence [5]. Continuous tracking and assessment
of a patient’s condition, environment, and adherence to a
prescribed care plan can improve asthma control and quality of
life[6].

Although many studies have shown the effectiveness of
continuous monitoring, only afew are being eval uated to benefit
traditional health care practices [7,8]. Propeller Health [9]
provides personalized alerts based on inhal er usage and location
to primarily improve medication adherence. ENVIROFI [10]
and azma.com [11] send anotification to subscribed userswhen
the outdoor environment forecast is poor. Chu et a [12]
developed a ubiquitous warning system that sends alerts to
health care providers based on apatient’slocation if the outdoor
environment is poor. Finkelstein et a [13] developed a
Web-based approach that captures the patient’s forced vital
capacity test and asthmasymptoms and sends a ertsto hospitals
when these parametersare abnormal. AsthmaGuide[14], ahome
management ecosystem, enables doctors to observe the
correlation between symptoms and environmenta data. They
have classified wheezing sounds as asthmatic wheezing and
nonasthmatic wheezing. They also send personalized aerts to
patients based on pollen and air quality forecast, but no causal
relationships are identified. The existing studies analyze the
data pertaining to the outdoor environment to identify the causes
of asthma symptoms or improve medication adherence, but
these studies have not used a large cohort of pediatric patients
in a clinical setting and have not monitored and analyzed a
comprehensive set of factors such as the lung function
measurements, activity limitation, and data pertaining to the
indoor environment to personalize asthma management plan.

kHealth Asthma Framework

The researchers at Knoesis (Ohio Center of Excellence in
BioHealth and Innovations) developed kHealth [15] (Multimedia
Appendix 1), a multisensory framework for continuous
monitoring of patients health signals and environmental data.
ThekHealth kit collects multimodal data using |ow-cost sensors
and mobile apps, and kHealth methodology analyzes them for
personalized health management plan. kHealth asthma [16] is
an adaptation of kHealth framework and methodology for
asthma, which monitorsthe pediatric patients receiving asthma
care at the Dayton Children’sHospital (DCH). The motivations
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behind kHealth asthma kit are to (1) identify the personalized
triggers from the comprehensive data collected by kHealth kit
and rank their influence on asthma, which the paper focuseson,
and (2) provide actionable insights to clinicians for better
decision making related to asthma management based on
specific patient data. It is designed to assist patients in
self-monitoring and self-appraisal of asthma care, with an intent
to incorporate self-management, prediction, and intervention
[17]. This paper presents a cohort-level analysis of patients
deployed over the entire year to evaluate the ability of low-cost
sensors in identifying the major triggers for their asthma
symptoms. Specifically, 1 patient from each season was chosen
to illustrate the personalized determination of triggers by
gathering anecdotal evidence.

Methods

The kHealth asthma framework consists of the kHealth kit,
kHealth cloud, and kHealth Dashboard. The study design,
including these components, their use for data collection, and
the data analysis are discussed below. Other applications for
which kHealth has been adapted include postbariatric surgery
monitoring, postsurgery monitoring of acute decompensated
heart failure, and dementia

kHealth Components

kHealth Kit

The kHealth kit components are shown in Figure 1. The list of
components are as follows: (1) tablet with an Android app; (2)
Fitbit; (3) Peak Flow meter; (4) Foobot, the indoor air quality
monitor; and (5) Web services to collect data on outdoor
environment based on the patient’s zip code. The questionnaire
presented by the kHealth Android app on the tablet collectsthe
following data: (1) 6 types of symptoms: cough, wheeze, chest
tightness, hard and fast breathing, cannot talk in full sentences,
and nose openswide[18]; (2) medication intake (rescueinhaler
and controller medication) with yes or no option, (3) nighttime
awakenings because of asthma symptoms, and (4) activity
limitation because of asthma symptoms. The dataon symptoms
and medi cations are collected twice aday, and dataon nighttime
awakenings and activity limitation are collected once a day
(Multimedia Appendix 2). Furthermore, Fitbit isused to collect
moregranular datafor sleep and activity [19]. The lung function
measurements (peak expiratory flow [PEF] and forced expiratory
volumein 1 second [FEV]) arerecorded by the Microlife peak
flow meter [20] twice every day. For agiven patient’s zip code,
outdoor environmental parameters are collected at different
intervals—pollen is collected every 12 hours, whereas
particulate matter (PM2.5), ozone, temperature, and humidity
are collected every hour. Pollen is collected from pollen.com
[21], PM25 and ozone from EPA AIRNow [22], and
temperature and humidity from Weather Underground [23].
Foobot collects indoor temperature, humidity, PM2.5, volatile
compounds, carbon dioxide, and global pollution index every
5min.
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Figure 1. The kHealth framework with the kHealth kit, kHealth cloud, and kHealth Dashboard, showing the frequency of data collection, the number
of parameters collected, and the total number of data points collected per day per patient. (A) Dark blue; the kHealth kit components that are given to
patients. (B) Light blue; the kHealth kit components that collect patient-generated health data. (C) Green; the outdoor environmental parameters and
their sources. (D) The kHealth cloud (gray). (E) The kHealth Dashboard. Throughout the kHealth ecosystem, all data are anonymized and associated
with respective randomly assigned patient IDs. FEV 1: forced expiratory volumein 1 second; PEF: peak expiratory flow; PM2.5: particul ate matter.
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Validation of Kit Components

Our tablet questionnaire is based on the Asthma Control Test
(ACT) questionnaire [24] adapted for Android app and was
developed under the supervision of the clinician (the question
text was adjusted to make it user friendly). The questions were
tested with the patients and iteratively refined using the
preliminary work of the evaluation. While recruiting and
consenting young patients, the nurse educates both the patient
or guardian and the child on the correct way to use the kHealth
kit. Given that the child is using kHealth kit under adult
supervision and the sensors are reasonably robust, we expect
the data to be reliable, and the parent and child team to be
trustworthy. Our data and experience suggest that peak flow
values measured by Peak Flow meter can vary dramatically in
the 3 trials conducted before picking the maximum value.
However, it was possible to distinguish normal state from
asthmatic state using the max peak flow value so obtained.
Previous studies have reported feasibility of peak flow
measurement in 5-year-old children [25,26]. The outdoor
environmental parameters are collected from EPA AIRNow,
Weather Underground, and pollen.com, which are reputed
sources, and already published works have used their data
[27-29]. We haverelied on existing feasibility studiesfor Fitbit
[30,31], but we performed our own for Foobot [32]. In our recent
data collection, all the components of the kHealth kit except
Foobot (indoor air quality monitor) worked as advertised by
the vendor. Although Foobot gave reliable results in our
feasibility study, the device suffered electronic interference in
the patient’s environment, leading to unreliable results.

kHealth Cloud

Themultimodal data collected from various sources are brought
together on the secure kHealth cloud store. The data on outdoor
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environment, indoor air quality, activity, and sleep are collected
from their respective application programming interface (API)
server and stored directly in the kHealth cloud. The data
collected using the kHealth app, which includes the patient’s
symptoms, medication intake, PEF, and FEV; readings, are
syncedin real timewith Firebase, a Google cloud database [33].
Firebase provides active data listener for client side, which
offers data persistence over the network failure and resyncs to
the cloud when the network is restored. Data security is
maintained in Firebase using a set of data access rules and user
authentication. Data synced to Firebase are then fetched and
stored into the kHealth cloud. This process forms a pipelinefor
seamless and reliable data streaming from the kHealth app to
thekHealth cloud. All datastored in the kHealth cloud are then
made available to Knoesis researchers and clinicians for
real-time analysis. Each patient’sidentity isanonymized by the
nurse coordinator who obtains the patient’s consent; no
patient-identifiable data are stored anywhere in the kHealth
framework.

kHealth Dashboard

Because the kHealth kit collects multimodal data at different
frequencies, integration and visualization of these data are
essential to derive useful insights. kHealth Dashboard [34]
(Figure 2) is avisualization and analysis tool designed for use
by a clinician and a researcher to review individua and
aggregated data and explore the potential association between
patient’'s asthma symptoms and their environments. With
real-time dataavailablein the kHealth cloud, kHealth Dashboard
allows real-time monitoring of a patient’s asthma condition.
This granularity of data presents the clinician with a better
picture about patient’s asthma condition than in traditional
episodic clinical visits (see Multimedia Appendix 1 for demo
video).
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Figure2. A screenshot of the kHealth Dashboard visualizing patient A's data. FEV 1: forced expiratory volumein 1 second;
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Study Design and Participants

The children within the age group of 5to 17 yearsand diagnosed
with asthma (through standard clinical procedures) by our
clinician were recruited from the DCH. The research nurse
practitioner, under the guidance of the clinician, approached
the parent of the child to participate in our study. The parent,
along with the child, was consented to participate in our study.
The recruitment for the study was random, with the motive of
maximizing participation and done on a first-come-first-serve
basis. The tablet with Android app, Peak Flow meter, Fitbit,
and Foobot were given to each patient, and based on the
patient’s zip code, outdoor environmental data were collected.
The part of data collection, which requires the patient to be
actively involved (such as responding to Android app
guestionnaire and taking Peak Flow meter readings), was
referred to as active sensing. The data collection from Fitbit,
Foobot, and outdoor Web services, which do not require active
patient involvement, was referred to as passive sensing.

Inclusion criteria[35] were children (1) diagnosed with asthma
through standard clinical procedure by our clinician from DCH,
(2) aged between 5 and 17 years, and (3) willing to participate
in this study.

Of 107 patients, 24 patients were excluded from the analysis,
asthey did not complete the study, allowing us to analyze data
from the remaining 83 patients. Both our National Institutes of
Health (NIH) and National I nstitute of Child Health and Human
Development (NICHD) proposal and our approved institutional
review board (IRB) protocol explicitly indicate 2 populations:
(1) consented patients and (2) a subgroup of patients who
completed the evaluation (with adequate compliance in data
collection). These 24 patients were ignored because they did
not complete the study and did not provide adequate data for
us to perform any meaningful analysis and offer sensible
conclusions. We have explicitly mentioned in our approved
IRB protocol that only the patients who consented and patients
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who compl eted the study will beincluded in our analysis. There
has been no sel ection bias based on data provided by or collected
from a patient in either the protocol or the study presented in
this paper. No patients who completed the study were ignored
fromthisanalysis. Of the 83 patients who completed the study,
63 were recruited for a month, and 20 were recruited for a
3-month period. The 1-month study was designed to validate
the efficacy of thismethod, and the 3-month study wasincluded
to obtain sufficient data and determine the association between
various asthma-relevant factors and asthma symptoms. The
enrollment of a patient for 1 or 3 months depended on their
willingness.

This Hedth Insurance Portability and Accountability
Act—compliant study has been approved by DCH’sIRB. Given
the multifactoria nature of asthma, we sought to monitor as
many variables as practically possible, subject to our constraints
of practical implementation (eg, using technology that can be
deployed at the patient’s home) and cost (our NIH and NICHD
proposal and protocol called for purchasing 30 kitsfor proposed
patient evaluation at approximately US $500 per kit).

Preliminary work for this effort was done in 2014 when mobile
apps and low-cost sensors became viable [36]. When the NIH
and NICHD proposal was written following the preliminary
work, there were no reported efforts involving the use of
multiple sensors (that can be used outside aclinical facility and
a a patient's home) and mobile apps (to record patient’s
symptoms and collect sensor data). The wearables were just
becoming popular, and the concept of patient-generated health
data (PGHD) was relatively new. For the studies reporting on
the collection and evaluation of personalized data for pediatric
asthma patients, our study collects more extensive types of data
at a higher frequency. Specifically, evaluation in the study by
Merchant et al [37] involved 89 patients, with 2 types of data
or parameters (medication and ACT score) observed for 12
months per patient, and Bender et al [38] involved 27 patients,
with 1 parameter observed for 2 months. Our study involves 83
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patients (63 patients for a 1-month duration and 20 patients for
a 3-month duration), with 10 data types (not including Foobot
and Fitbit), with each data type collected between 2 and 24
times a day.

Study Procedures

Henceforth, the 6 asthma symptoms (cough, wheeze, chest
tightness, hard and fast breathing, cannot talk in full sentences,
and nose openswide), nighttime awakenings, activity limitation,
rescue medication intake, and abnormal PEF or FEV ; value will
be collectively referred to as asthma episodes, a usage that is
consistent with 2 previous studies[39,40]. Specifically, asthma
can affect lung function and can manifest as lower values for
PEF and FEV ; parameters[41]. Therefore, the reduction of PEF
and FEV, values beyond 1 standard deviation of the mean is
treated as an episode of asthma. The duration of the seasons has
been chosen to aid the analysis based on the historical pollen
data. Although the deployments started in December 2016 and
arestill ongoing, the dataonly from December 2016 to February
2019 have been included in the analysis.

Maximum values of outdoor environmental data (ozone and
PM2.5) over aday were considered to identify the correlation
between triggers and asthma episodes. The healthy range for
each outdoor parameter is as follows: 0 to 2.4 for pollen [42]
and 0 to 50 for ozone and PM2.5 [43]. Any value above or
below the healthy range on the day with asthma episodes, or
the previous day, is counted as a contributor to the patient’s
asthma episodes. We chose a 48-hour window because
inflammation and late allergic reaction in asthma are
characterized by prominent participation of eosinophils, and
previous studies have demonstrated an exaggerated responsein
asthma patients up to 48 hours after exposure [44]. We analyzed
concrete patient cases to obtain insights about asthma triggers,
patient behavior, and their condition from evidence collected
by kHealth Asthma technology in different seasons.

Results

Cohort-Level Analysis

Although we collected extensive Foobot data, the results on the
influence of indoor environment were inconclusive because of

Venkataramanan et al

deficiencies in our instructions such as (1) clarity on the
placement of Foobot and (2) potential for electrical interference
when some patients did not power the device asrequired by the
manufacturer. In the study results recorded thusfar, the outside
environmental dataprovidethe most reliable signalsfor asthma
control. Furthermore, the sleep and activity datafrom Fitbit did
not provide corroborative evidence for asthma signs because of
several confounding factors (could be due to asthma symptoms
or school routine or that Fitbit was not worn or powered). In
contrast, self-reported data regarding activity limitation obtained
through the Android app—based questionnaire proved to be more
reliable. The results of cohort-level data analysis for all the
completed patients (n=83) deployed in each season for the
detection of awide variety of triggersfor asthma episodesusing
kHealth kit are shown in Table 1.

Among the 19% (16/83) of the patients deployed in spring, 63%
(10/16) of the patients were affected by pollen, 16% (3/16) were
affected by PM 2.5, and 5% (1/16) were affected by pollen and
PM 2.5 (being present together). In addition, 17% (14/83) of the
patients were deployed in fall, of which pollen turned out to be
the major contributor for 29% (4/14), PM2.5 for 21% (3/14),
and pollen and PM 2.5 (being present together) for 14% (2/14).
For 28% (23/83) of the patients deployed in winter, PM2.5
turned out to be the contributor for 83% (19/23). The 3-month
deployments across 2 seasons enabled us to study the patient’s
asthma in 2 different environments. For 29% (24/83) of the
patients deployed across seasons, 50% (12/24) did not exhibit
any symptoms. Moreover, 13% (3/24) indicated PM 2.5 astheir
major trigger, 13% (3/24) indicated combination of pollen and
PM2.5 to be the trigger, and 25% (6/24) of the patients had
varying environment and too few symptoms to arrive at a
conclusion. We observed meaningful (and useful according to
our clinical partner) correlation between asthma symptoms and
factors such as pollen and PM 2.5. However, similar correlations
were not observed for factors such as ozone level, temperature,
and humidity. Personalized insights gathered using the kHealth
kit are explained in detail in the Discussion section by choosing
1 patient from each season for illustration. The cohort-level and
adherence statistics have already been presented in our previous
study [45].

Table 1. Significant triggers captured by kHesalth for each season at cohort level (N=83).

Season n (%) Pollen,%  p\2. 52 o5  Ozone % Pollenand  Temperature, % No symptoms, % Redeployment
PM2.5, % required, %

Spring 16 (19) 63 19 _b 6 — 12 —

Summer 6 (7) 17 33 — 33 — 17 —

Fall 14 (17) 29 21 — 14 — 36 —

Winter 23(28) — 83 4 — 9 4 —

Between seasons 24 (29) — 12 — 33 — 50 25

3PM2.5: particul ate matter.
BNot applicable.
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Personalized Analysis

The probability of symptoms, given the triggers for patient A,
isshownin Table 2. Patient A was monitored for 3 monthsfrom
winter to spring; thus, the deployment duration is divided into
2, based on the presence and absence of pollen. The patient
experienced symptoms in the presence of PM2.5, suggesting
that PM2.5 was contributing to the patient’s asthma. In the
presence of both pollen and PM2.5, the patient experienced
higher number of severe symptoms such as chest tightness and
nighttime awakenings, that is, the combination of pollen and
PM 2.5 aggravated patient’s asthma, as evidenced by cumulative
increase in asthma symptoms. The rescue medication has also
been included, as it could prevent or suppress the symptoms
that could have occurred otherwise, such as wheezing. The
Discussion section provides detailed patient information and
calculations (see Figure 3 for formulas and Multimedia
Appendix 3 for terms and definitions).

The probability of symptoms, given the triggers, for patient B,
are shown in Table 3. Patient B was monitored in winter for 3

Table 2. Probability of symptoms, given the triggers, for patient A.

Venkataramanan et al

months when pollen was absent, and ozone was in a heathy
range. The values suggest that PM2.5 was contributing to
patient’s asthma, but the probabilities calculated are low asthe
patient took controller medication to reduce symptoms. The
rescue medicationisalsoincluded, asit can prevent or suppress
the other symptoms. Discussion section provides detailed patient
information and calculation (see Figure 3 for formulas and
Multimedia Appendix 3 for terms and definitions).

The probability of symptoms, given the triggers for patient C,
are shown in Table 4. Patient C was monitored for 36 daysin
fall when pollen, PM 2.5, and ozone werein an unhealthy range.
All the 3 triggers appear to be contributing to patient’s asthma.
The patient was on an oral steroid that controlled the asthma
episodesin the later part of the deployment, which explainsthe
low probability values. The rescue medication is also included,
asit can prevent or suppressthe other symptomsthat could have
occurred. The Discussion section provides detailed patient
information and calculation (see Figure 3 for formulas and
Multimedia Appendix 3 for terms and definitions).

Symptoms Probability (symptoms | pollen and PM2.5%) Probability (symptoms | no pollen and PM2.5)
Cough 0.66 0.52
Wheeze 0.72 0.88
Chest tightness 0.28 0.12
Activity limitation 0.28 0.64
Nighttime awakenings 0.33 0.04
Rescue medication intake 0.55 0.48

3PM2.5: particul ate matter.

Figure 3. Formulae used to calculate the personalized triggers for patient-A, patient-B, and patient-C. PM2.5: particulate matter.

1) Patient- A

Number of days symptom, pollen and PM2.5 occurred together

Probability (symptom | pollen and PM2.5) =

Probability (symptom [ no pollen and PM2.5) =

Number of days pollen and PM 2.5 occurred together

Number of days symptom, no pollen and PM2.5 occurred together

Number of days no pollen and PM 2.5 occurred together

2) Patient - B

Number of days symptom and PM2.5 occurred together

Probability (symptom | PM2.5) =

3) Patient - C

Number of days PM 2.5 occurred

Number of days symptom, pollen, ozone and PM2.5 occurred together

Probability (symptom | pollen, ozone and PM2.5) =

Number of days pollen, ozone and PM 2.5 occurred together
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Table 3. Probability of symptoms, given the triggers, for patient B.

Venkataramanan et al

Symptom Probability (symptoms | PM2.5%)
Wheeze 0.51
Activity limitation 0.25
Nighttime awakenings 0.02
Rescue medication 0.54

3PM2.5: particulate matter.

Table 4. Probability of symptoms, given the triggers, for patient C.

Symptoms Probability (symptoms | PM2.52, pollen and ozone)
Cough 0

Wheeze 0.22

Activity limitation 0.11

Rescue medication intake 0.22

8PM2.5: particul ate matter.

Discussion

Principal Findings

ThekHealth kit isableto identify personalized triggersfor each
season for all the patients. As expected, pollen was the major
contributor for the patients with asthma who were deployed in
spring and fall. In winter, PM 2.5 was the major contributor for
most patients.

To illustrate the determination of personalized triggers and its
dependence on the seasons, 1 patient with a relatively high
number of asthma episodeswas chosen for each season. Patient
A’s deployment period straddled 2 seasons, winter and spring,
which permitted the study of asthmain both the presence and
absence of pollen. The other 3 patients were deployed
exclusively within 1 season: patient B in winter, patient C in
fall, and patient D in summer. The days the patients did not
answer the questionnaire were excluded from the analysis. We
identified the most likely trigger for the patient’s asthma
episodes. Once areliable personalized modd associating triggers
with asthma episode is developed, it can be used to guide an
action plan including preventive or remedial measures, as well
asdesign targeted evaluations for better personalized care. IRB
protocol defined 2 classes of users with access to patient data.
Thefirst class consisting of the physician and nurse who already
had the patient’s clinical and personally identifiableinformation
continued to have that access, in addition to the
kHealth-collected data. The second class consisted of researchers
who have access to the data collected by kHealth kit, but all
privately identifiable data that clinician or nurse have accessto
was replaced by a serialy chosen identifier. Specifically, the
researchers also did not have access to the patient’s address or
location. In fact, the gender, the weight, and the age information
of the individual patient were intentionally deleted from the
paper to remove personally identifiable data as stipulated in the
approved IRB protocol.

http://pediatrics,jmir.org/2019/1/614300/

Winter to Spring

Patient A was diagnosed with severe asthma and monitored for
13 weeks, encompassing winter to spring 2018, and answered
the questionnaire for 46 days, enough to identify the
personalized triggers. The patient was prescribed albuterol and
Atrovent (asrescue medication), aswell asDuleraand Singulair
(as controller medication). The patient took rescue medication
for 24 days; experienced cough, wheeze, or chest tightness for
39 days; had limited activity for 26 days; showed abnormal PEF
or FEV, for 2 days; and was 15% adherent in taking controller
medication. During the deployment period, PM 2.5 wasvarying
throughout, pollen was absent in thefirst half and present in the
second half, and ozone was in a healthy range throughout. On
the basis of the presence and absence of triggersin the patient’s
environment, we cal cul ated the probability of PM 2.5 and pollen
or PM2.5 alone being the trigger for the given symptom.

The patient experienced symptoms in the absence of pollen,
indicating that PM2.5 is contributing to the patient’s asthma
symptoms (Table 2). In the presence of pollen, the patient
experienced higher number of severe symptoms such as chest
tightness (chest tightnessis more severe than wheeze [46]) and
nighttime awakenings. The rescue medi cation intake was higher
in the presence of pollen, which could have suppressed
wheezing. For this patient, the presence of pollen or PM2.5 in
the unhealthy range appearsto be the primary contributing factor
for asthma episodes. The combined presence of pollen and
PM 2.5 isassociated with increased intensity of asthma episodes
as evidenced by cumulative increase in number of symptoms.
The pollen was in an unhealthy range for 20 days and PM2.5
for 41 days out of the 46 days the patient experienced asthma
episodes. When validated with the clinician, the patient was
identified to be allergic to pollen using the skin test. The ACT
scores before and after the deployment confirmed that the
patient’s asthma control was suboptimal.

Through continuous monitoring, we found that PM2.5 and
pollen were the contributors to the patient’s asthma episodes,
and the patient had poor adherenceto controller medication. To
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improve asthma management, the intervention can be
personalized by alerting the patient about high pollen and PM2.5
forecast. Furthermore, notification can be sent to improve the
adherenceto the controller medication. If asthma episodes recur
even after being adherent toward controller medication, the
clinician can intervene with a modified asthma action plan.

Winter

Patient B was classified as having moderate asthma and
monitored for 13 weeksin winter of 2017-2018. But datafrom
only thefirst 9 weekswere available for analysis, as the patient
did not answer for 4 weeks toward the end of the deployment.
The patient was prescribed albuterol (asrescue medication) and
Singulair (as controller medication) and answered the
guestionnaire for 50 days, of which the patient experienced
asthma episodes for 45 days. Patient B experienced wheezing
for 27 days, activity limitation for 15 days, nighttime
awakenings on 1 day, took rescue medication for 24 days, had
abnormal PEF or FEV ; valuesfor 6 days, and was 50% adherent
toward controller medication. Only PM2.5 wasin an unhealthy
range during the deployment period, whereas ozone was in a
healthy range, and pollen was absent.

From Table 3, it can be observed that PM 2.5 contributed to the
patient’swheeze and led to the intake of rescue medication. The
patient did not experience symptoms on al the days the PM2.5
was in an unhealthy range because of patient’s adherence to
controller medication, which was 50%. In consequence, the
patient can be proactively notified when PM2.5 is forecast to
be in the unhealthy range and may aso be reminded to take
prescribed medication. Of the 45 days the patient experienced
asthma episodes, PM 2.5 wasin an unhealthy range for 40 days.
To enhance asthma management, the patient can improve
adherence toward controller medication and avoid exposure to
PM2.5 wheniit is high. If this does not help, the patient should
be reevaluated to adjust the asthma control plan. To identify
the patient’s reaction to other triggers, the experiment needs to
be repeated in other seasons.

Fall

Patient C was diagnosed with moderate asthma and monitored
for 5weeksand 4 daysinthefall of 2017. The patient answered
the questionnaire 33 out of 36 days of deployment, of which
the patient showed asthma episodes for 17 days. The patient
was prescribed albuterol (asrescue medication), Symbicort and
Singulair (as controller medications), and prednisone (oral
steroid). The patient had cough and wheeze for 11 days, had
activity limitation for 4 days, took rescue medication for 6 days,
showed abnormal PEF or FEV ; for 9 days, and had an adherence
of 63% toward controller medication. The outdoor environment
remained uniform with respect to pollen, ozone, and PM2.5
throughout the deployment.

Higher intake of wheeze and rescue medication was observed
intheinitial stages of the deployment. Because pollen, PM2.5,
and ozone were present throughout the deployment, all the 3
triggers appear to be contributing to the patient’s asthma
symptoms (see Table 4, and we were not able to separate the
triggers on the basis of the datawe have). The patient al so took
oral steroidsto control the asthma episodes, which reflected in
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the later part of the deployment by significant reduction in the
number of asthma episodes. Of the 17 days the patient
experienced asthmaepi sodes, PM 2.5 wasin an unhealthy range
for 13 days, pollen for 16 days, and ozone for 7 days. The
kHealth framework has the potential to aid patient C in
self-management of asthma by alerting the patient when pollen
or PM2.5 can exacerbate asthma and reminding the patient to
take medication to improve adherence. Furthermore, the
clinician can also be notified when the patient takes the oral
steroid, an indication of poor asthma control, to enable timely
intervention. To exonerate some factors and identify triggers
precisely, the experiment should be repeated in the season when
pollen is absent.

Summer

Patient D had mild asthma and was monitored for 4 weeks and
3 days in the summer of 2018. The patient was prescribed
albuteral (as rescue medication) and Asmanex and Singulair
(as controller medications). Patient D had answered the
guestionnaire for 29 out of 30 days and experienced asthma
episodes for 6 days. The patient experienced cough, wheeze,
chest tightness, or hard and fast breathing for 5 days; activity
limitation and nighttime awakenings on 1 day; and the adherence
toward the controller medication was 70%. The lung function
measurements were normal throughout the study period. Out
of the 6 days the patient suffered from asthma episodes, pollen
was in an unhealthy range for 3 days, ozone for 4 days, and
PM2.5 for 6 days. On the basis of observations, PM25 is
suspected to be the major contributor, followed by ozone and
pollen. However, this patient had sparse asthma episodes to
identify the triggers precisely. In general, none of the patients
deployed in summer had sufficient asthma episodes.

Limitations

The objective of this study was to show the ability of kHealth
kit to identify personalized triggers for each asthma patient and
demonstrate the statistical significance of our findings for each
patient across different seasons. However, to maximize
participation in the study, all eligible pediatric patients who
volunteered were enrolled on a first-come-first-serve basis to
test the efficacy of continuous monitoring using low-cost sensors
for asthma management. Therefore, the period of observation
of patients did not necessarily coincide with season transitions.
This turned out to be a limitation for contrasting the patient’s
lung function and asthma episodes in allergy and nonallergy
seasons. Furthermore, asthe deployment wason arolling basis,
the patient deployment periods did not coincide. As such, we
were unable to combine results from several patients for the
same period and provide statistical significance. However, we
are optimistic that we can repeat our experiments considering
various allergy seasonsand patients' susceptibilities, especially
given the 63% kit adherence that shows that this technology is
acceptable to the patients and can monitor their asthmabehavior
in different seasons. Because of electrical interference, the data
from the Foobot had to be excluded. Although the Fitbit data
werereliable, the reason for reduced activity measured by Fitbit
could be due to asthma or school routine or because Fitbit was
not worn or powered. Hence, Fitbit did not provide originally
envisioned insights in our analysis. Our observational study
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involved collection of the largest variety of PGHD (sensor data
and mobile app answers) and environmental data, offering us
the possibility of identifying likely, but not definitive, triggers
for an individual patient. However, we are at best able to make
inferences based on co-occurrence of symptoms and triggers
and hesitate to make any claims about causality beyond saying
these correlations provide a good basis for generating a
hypothesis for a more extensive randomized controlled trial
(RCT). Determining the true causes is beyond the scope of this

paper.
Conclusions

Theinfrequent clinical visits, as practiced by traditional health
careprotocol, are unableto provide timely feedback and enable
intervention. Through continuous monitoring, kHealth kit can
provide detailed insights to the clinician about the personalized
triggers for asthma patients and their adherence toward the
prescribed asthma control protocol. Specifically, for patients
such as patient A whose deployment spanned 2 seasons, the
kHealth kit suggested, with evidence, the relevant triggersalong
with the patient’s adherence to the prescribed asthma action
plan. This can aid the clinician in tailoring the asthma control
protocols for a patient, thereby leading to better asthma
management. Furthermore, kHealth kit was able to capture
triggers across different seasons, which was evident from the
determination of the variety of personalized triggers for the
patients chosen from different seasons.

Future Work

We plan to repeat the observational trial for different seasons
for each patient. Redeployment will be carried out for winter

Acknowledgments

Venkataramanan et al

patients to discover potential triggersin other seasons and also
for spring and fall patients to disambiguate among multiple
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will be attempted again asthe earlier experimentsyielded sparse
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triggers and patient adherence for a personalized action plan.
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self-management and intervention. As Foobot was giving
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areplacement that will provide areliable measure of indoor air
quality that is sensitive to secondhand smoke exposure. The
Android questionnaire will be updated to disambiguate the
reason for reduced activity asit could have been due to asthma
or normal school routine without extracurriculars or because of
the Fitbit not being worn or powered. The data from the Peak
Flow meter proved to be reliable, and a clear distinction could
be observed between asthmatic and nonasthmatic days. Asthe
data sourcesfor outdoor environmental datawere also reliable,
it will be continued. Android app questionnaire will be replaced
with a chatbot to improve ease of use [47,48]. Asto our future
study, we are now working with the School of Medicine at the
University of South Carolinathat has access to alarger cohort
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formulate a hypothesis for an RCT, which is our next step.
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Abstract

Background: Morethan 1 in 10 women of reproductive age identify as having some type of disability. Most of these women
are able to become pregnant and have similar desires for motherhood as women without disability. Women with disability,
however, face greater stigma and stereotyping, additional risk factors, and may be less likely to receive adequate reproductive
health care compared with their peers without disability. More and more individual s, including those with disability, are utilizing
theinternet to seek information and peer support. Blogs are one source of peer-to-peer social mediaengagement that may provide
a forum for women with disability to both share and obtain peer-to-peer information and support. Nevertheless, it is not clear
what content about reproductive health and pregnancy and/or motherhood is featured in personal blogs authored by women with
spinal cord injury (SCI), traumatic brain injury (TBI), spina bifida, and autism.

Objective: The objective of this study was twofold: (1) to examine the information being shared in blogs by women with 4
types of disabilities, namely, SCI, TBI, spina bifida, and autism, about reproductive health, disability, health care, pregnancy,
and motherhood; and (2) to classify the content of reproductive health experiences addressed by bloggers to better understand
what they viewed as important.

Methods: Personal blogs were identified by searching Google with keywords related to disabilities, SCI, TBI, spina bifida, and
autism, and a variety of keywords related to reproductive health. The first 10 pages of each database search in Google, based on
the relevance of the search terms, were reviewed and all blogs in these pages were included. Blog inclusion criteria were as
follows: (1) written by awoman or care partner (ie, parent or spouse) of a woman with a self-identified diagnosis of SCI, TBI,
spina bifida, or autism; (2) focused on the personal experience of health and health care during the prepregnancy, prenatal,
antepartum, intrapartum, and/or postpartum periods; (3) written in English; and (4) published between 2013 and 2017. A descriptive
and thematic qualitative analysis of blogs and corresponding comments was facilitated with NVivo software and matrix analysis.

Results: Our search strategy identified 125 blogs that met all theinclusion criteria; no blogs written by women with spina bifida
were identified. We identified 4 reproductive health themes featured in the blog of women with disabilities: (1) (in)accessible
motherhood, (2) (un)supportive others, (3) different, but not different, and (4) society questioning motherhood.

Conclusions: This analysis of personal blogs about pregnancy and health care written by women with SCI, TBI, and autism
provides a glimpse into their experiences. The challenges faced by these women and the adaptations they made to successfully
navigate pregnancy and early motherhood provide insights that can be used to shape future research.

(JMIR Pediatr Parent 2019;2(1):€12355) doi:10.2196/12355

KEYWORDS
disabled persons; pregnancy; blog; women’s health; parenting; mothers; spinal cord injury; autism; traumatic brain injury
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Introduction

Background

Among women of reproductive age, approximately 12% identify
as having some type of disability [1]. Most women with
disabilities are able to become pregnant and fertility rates are
similar among those with and without disability [2,3]. According
to alarge study of 10,718 women who responded to the US
National Survey of Family Growth from 2006 to 2010, those
with and without disability have similar attitudes about
motherhood [4]. In addition, childlesswomen are equally likely
to want a child and intend to have a child, whether or not they
have adisability [4].

Pregnancy and early motherhood for women with disabilities
carry increased risk for poor maternal and neonatal outcomes
[5-14]. The complicated web of social and biological disease
risks accrues synergistically. Using a syndemic framework
[15,16], theinterplay of socid, biological, and structural factors
that place women at risk for compromised reproductive health
outcomes mutualy informs and reinforces disadvantage.
Compared with women without disability, women with disability
encounter challenges that heighten their reproductive risks.
Risks include physical and emotional abuse, being overweight
or obese, and decreased physical activity, inadequate emotional
support, smaller social networks [17,18], substance abuse
[19-24], higher levels of stress [25-27], depression and anxiety
[28,29], and specia needs related to their care [30]. Negative
synergies ensue. Syndemic suffering [31] refersto the depletion
of personal and material resources asindividualsand their social
networks respond to interactive disability-specific biological
factors and social disadvantages. When women experience
chronic stigma and increasing ill-health in a negative cycle of
interactive disadvantage, disability scholars coin thisatrgjectory
of recursive cascades [22].

The measurable outcomes of syndemic relationships between
social circumstances, disability, and women's reproductive
outcomes are numerous and most often negative. Pregnant
women with disabilities may be at higher risk for stillbirth,
preterm birth, low birth weight, fetal growth restriction, and
cesarean delivery, as well as medical complications such as
venous thromboembolism and recurrent urinary tract infections
[5-14]. Women with disability may also be at higher risk for
postpartum depression [6] and less likely to breastfeed their
infants than women without disability [7]. During pregnancy,
women with disability are more likely to visit an emergency
department, be admitted to the hospital, experience medical
complications, and be readmitted within 3 months of their
delivery [32,33] and arelesslikely to receive early prenatal care
[33].

Enacting disability asaform of embodied difference can trigger
personal and social consequences, from discrimination and
stigmatization to support and collective action [34]. Socia
relationships help shape the experiences of women with
disability. In contemporary society, women seek information
and support through peer relationships in word-of-mouth
informal communication, as well as in electronic formats
mediated by the internet and known as el ectronic word of mouth
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(eWOM) [35]. In general, women, more than men, use social
media to communicate with others, seek social support, and
share personal experiences [36-38]. Both women with and
without disability exchange advice, perspectives, and humor
about pregnancy and motherhood through social media,
including Web-based diaries or blogs. Personal blogs
(Web-based diaries) are one type of eWOM that provides an
asynchronous format alowing bloggers to communicate with
many readers who can access the information at their
convenience[39]. Blogscan also offer aformat for peer-to-peer
social media engagement in which users can give and receive
support and information about disability and pregnancy.
Bloggers, particularly women bloggers, tend to share personal
experiences to seek social support or to simply share their life
experiences [36-38]. By creating and sharing tacit and
experiential knowledge, women create a public space for the
expression and construction of their perspectives, values
systems, and interactions with health care, disability, and
pregnancy-related social entities [40-42].

Objective

Women with intellectual disabilities report enjoying social
media and having positive experiences using social media to
develop friendships, form asocia identity, and build self-esteem
[43]. Women with physical disabilities who had been pregnant
in the past decade cited the value of receiving information from
other women who had experienced disability and pregnancy
and the importance of seeking peer support [44]. Asaresearch
resource, blogs offer unsolicited first-person accounts in a
naturalistic environment about pregnancy and disability topics
that women choose to describeto apublic audience. The purpose
of this study was to examine blog content written by women
who have experienced or have adesire to experience pregnancy
and/or motherhood who are living with a spinal cord injury
(SCI), traumatic braininjury (TBI), spinabifida, or autism. Our
goal was to capitalize on the information contained in these
blogs asameans of understanding the experience of pregnancy,
delivery, postpartum recovery, and early motherhood among
women with disability. Personal blogs have been examined
using a systematic approach in other studies [45]. Although
health blogs may be viewed as anecdotal information,
aggregated data collected from multiple health blogs can provide
insight into the public narrative about the intersection between
reproduction and disability [46-48] and support the need for
further focused research on topics of value to women with
disahility.

Methods

M ethodology

Before beginning this systematic appraisal of blogs, an
institutional review board (IRB) approval was sought and the
study was acknowledged as nonhuman subject research through
the University of Utah (IRB number 00105240). To maintain
the privacy of individuals who published the blogs and were
not individually consented for thisresearch, we deidentified the
content in the blogs and blog comments by anonymizing the
details and quoted text before inclusion in this study to reduce
therisk of bloggers being reidentified. To learn more about the

JMIR Pediatr Parent 2019 | vol. 2 | iss. 1 |e12355 | p.95
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

perspective about pregnancy among individual swith disabilities,
we selected 4 key types of disabilities asthetarget of our study.
Theseincluded conditionsresulting in impairmentsin movement
and/or cognition and spanned developmental disabilities and
acquired disabilities. Specifically, we selected SCI, TBI, spina
bifida, and autism. We sought to include acquired and congenital
conditions that impair either physical or cognitive ahilities.
Methods for the blog appraisal were similar to those reported
in previous research [45].

Blogs Selection for Study Inclusion

Using a consensus process, the research team decided upon
keywords to use for blog searches. Persona blogs were
systematically identified by searching Google using a specific
search strategy for each keyword related to disability.
Disabilities of interest included SCI, TBI, spinabifida, or autism.
Both full termsand their acronyms (ie, SCI and TBI) were used
in the search. We also used tetraplegiafor SCI.

We developed a data extraction sheet containing the following
inclusion criteria: (1) written by a woman or care partner (ie,
parent or spouse) of a woman with a self-identified diagnosis
of SCI, TBI, spinabifida, or autism, (2) focused on the personal
experience of health and health care during the prepregnancy,
prenatal, antepartum, intrapartum, and/or postpartum periods,
(3) written in English, and (4) published between 2013 and
2017. There were no limitations on the blogger’s country of
origin. Forums were omitted. The data extraction sheet was
pilot-tested with 10 blogs and refined as needed to determine
which blogs would be retained for analysis. Initialy, 12,600
recordswereidentified. A total of 296 blogs (eg, personal, news
outlet, corporate, and foundation) were then identified. In the
final step, 215 personal blogs were reviewed for inclusion by
at least 2 independent reviewers (MLL and MJT). Unanimous
agreement between at least 2 independent reviewers on thefinal
blogs for inclusion was required. Using this method, the first
10 pages of each database search in Google were reviewed for
the presence of eligible blogs by 3 of the authors (MLL, MJT,
and SD). Exclusion criteria were applied to remove blogs that
were duplicates and those that were not personal blogs. The
remaining 125 personal blogs that met the inclusion and
exclusion criteria were forwarded for qualitative descriptive
analysis.

Qualitative Descriptive and Thematic Blog Analysis

Using principles of qualitative description [49,50], the
investigators developed and discussed inductive descriptive
codes and code definitions. Thefirst 15 blogswereinitially read
by 2 independent investigators (MLL and MJT), and the initial
blog corpus for coding dictionary development was formed.
Open coding of successive blogs using a line-by-line analysis
was used to apply existing codes or develop new codes for
segments of blog text using NVivo 11 software (QSR
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International) [49]. Codes were reviewed in a constant
comparative process and clustered into categories representing
similar constellations of blog content. Through a process of
group analysis, all investigatorsthen reviewed blog data, codes,
and categories. Matrices organized codes by disability type
stratified by reproductive health context (ie, preconception,
prenatal, and postpartum) and resulted in the identification of
overarching themes about women'’s reproductive experiences
and disability [51,52]. In the final analytic step, the research
team reviewed the coded data again thematically, explicitly
assessing blog text for content by disability typein the different
reproductive health contexts.

Results

Overview

Of the 296 website records identified, atotal of 125 blogs met
the inclusion criteria and were included in this qualitative
analysis. Preferred Reporting of Items for Systematic Reviews
and Meta-Analyses guidelines [53] were used to describe the
blog inclusion process (see Figure 1). None of the identified
blogs were written by a care partner; al were written by the
women themselves. The mgjority of blogsanayzed werewritten
by women with SCI and TBI. There were no blogs by women
with spina bifida that were identified. There was 1 distinctive
blog written by a woman who was diagnosed with autism
following pregnancy. She reflected upon how her symptoms
predated pregnancy and early motherhood, thus indicating a
likelihood of her autism being present during pregnancy. Her
situation was unique and clarified a different perspective of
pregnancy and motherhood with a disability. It was not aways
overtly clear if the bloggers with TBI or autism used
wheelchairs; however, al blogs written by women with SCI
mentioned the use of wheelchairs. Of the blogs included, only
1 discussed abortion, 1 discussed miscarriage, and 3 mentioned
breastfeeding (see Table 1 for additional blog characteristics).

In total, 4 key themes about the reproductive perspectives of
women with disahilities resulted from the qualitative analysis.
(1) (in)accessible motherhood, (2) (un)supportive others, (3)
different, but not different; and 4) society questioning
motherhood. How each theme was expressed across the
reproductive contexts and by women with different disabilities
is further described below. Themes by disability category and
reproductive health context are described in Table 2.

(In)accessible M other hood

Women with disabilities face different challenges and barriers
when considering or preparing for pregnancy. Adaptationswere
necessary to make motherhood more accessible because of the
universal design of standard baby products. However, women
showcased a sense of pride in successfully adapting baby
products to realistically fulfill their motherhood needs.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram.
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Table 1. Blog Characteristics.
Blog characteristics Disability type Total
TBI? sciP Spina bifida® Autism
Blog posts, n (%) 37(30) 83 (66) _d 5(4) 125 (100)
Blog post word count, average (range) 1185 (212-2057) 356 (202-1297) — 925 (800-1612) —
Blog posts with comments, n (%) 11 (50) 8(36.4) — 3(13.6) 22 (100)
Women bloggers, n (%) 3(12) 19 (76) — 3(12) 25 (100)
Prepregnancy-related blog posts, n (%)
Surrogacy 0(0) 3(100) — 0(0) 3(100)
Artificial insemination 0(0) 1(100) — 0(0) 1(100)
Invitro fertilization 1(100) 0(0) — 0(0) 1(100)
Prenatal-related blog posts, n (%) 0(0) 6 (100) — 0(0) 6 (100)
Antepartum-related blog posts, n (%)
Pregnancy 38 (50) 37(48.7) — 1(1.3) 76 (100)
Abortion 0(0) 1(100) — 0(0) 1(100)
Miscarriage 0(0) 1(100) — 0(0) 1(100)
Intrapartum-related blog posts, n (%)
Cesarean delivery 0(0) 4 (100) — 0(0) 4 (100)
Vaginal delivery 1(16.7) 5(83.3) — 0(0) 6 (100)
Home birth 0(0) 1 (100) — 0(0) 1 (100)
Postpartum-related blog posts, n (%)
Early motherhood 0(0) 18 (100) — 0(0) 18 (100)
Developmental milestones 0(0) 18 (100) — 0(0) 18 (100)

8TBI: traumatic brain injury.

bsci: spinal cord injury.

“No blog posts were identified for women living with spina bifida
IN/A: not applicable.

Prepregnancy

Women in wheelchairs secondary to SCI reported emotional
readiness to have a child but needed to consider the physical
ramifications and potential adaptations. Surrogacy was discussed
in 2 cases of SCI where the woman's health status made
pregnancy infeasible. In 1 case, discussions of surrogacy were
complicated by the fact that Medicare (the federal health
insurance in the United States for people with disabilities and
older adults) does not cover the costs of surrogacy, resulting in
1 couple trying to sell their home and occasionally purchasing
lottery tickets to achieve their reproductive health goals. In
another case, the husbhand and wife were actively seeking
surrogacy and were hopeful that they would become parents
sometime soon.

http://pediatrics.jmir.org/2019/1/e12355/
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In contrast, women with autism did not describe physical
concernsrelated to pregnancy but expressed apprehension about
their emotional capacity to care for a child. Concerns about
difficulty coping with a newborn, such as changes in schedule
and concerns about their ability to connect emotionally with
their baby, were described.

Pregnancy

During pregnancy, some mothers reported a need for a larger
wheelchair to accommodate the weight of their growing fetus.
Pregnancy-related weight gain complicated transfers to and
fromthewheelchair, such asgetting in and out of acar or going
to the bathroom. In some cases, this reduced the woman's
independence. Some women experienced challengeswith going
uphill inawheelchair during pregnancy because of theincreased
weight and changesto their center of balance; anti-tip barswere
used as a safety net.
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Table 2. Theme by reproductive health context and disability category.

Litchman et al

Theme and reproductive health context

Blogs by disability category

sci2 TBIP Autism

(In)accessible motherhood
Prepregnancy
Pregnancy
Delivery
Early motherhood

(Un)supportive others
Prepregnancy
Pregnancy
Delivery
Early motherhood

Different, but not different
Prepregnancy
Pregnancy
Delivery
Early motherhood

Society questioning mother hood
Prepregnancy
Pregnancy
Delivery
Early motherhood

O o o o

85CI: spinal cord injury.
bTBI: traumatic brain injury.
°Not applicable.

Medical exam tables were not always easily accessible during
medical appointments. Women described needing their partners
to help with transfers to and from medical exam tables, when
such tables were not accessible. The majority of women with
SCl described their maternity care provider as being
inexperienced in caring for pregnant women with SCI,
particularly during labor and delivery. Only 1 blogger discussed
taking a prenatal class, noting that she had to make adaptations
to what was taught to meet her own unique needs. The blogger
shared that the class was tailored to childbearing mothers
without disability and did not hel p to address her fearsor provide
relevant information about unique adaptations that would be
necessary for her. She expressed interest in receiving tailored
information about labor positions and newborn care and feeding
for women with physical disability.

Early Motherhood

Motherswith disabilities reported using life hacks and practice
to adequately managetheir baby safely in an able-bodied world.
Baby changing tables were lowered to accommodate those in
a wheelchair. Some wheelchair-bound mothers reported
practicing different techniques for holding the newborn while
inawheel chair, wheel chair mobility while holding ababy (given
additional weight), transferring the baby, and best positions for

http://pediatrics.jmir.org/2019/1/e12355/

comfort. Such practice was reported with the use of weighted
dolls as well as without the dolls. One mother stated:

| can finally get the car seat in alone...'m sure |
would have been ableto do it all along, we just never
had the chanceto“ practice” ! But | amsoooo excited!

Shealso provided a 7-step processwhich included reclining the
passenger seat down and twisting her body to face the back seat
and placing the car seat in its base. To increase easy access to
her child’s nursery, another mother redesigned her home,
offering an accessible and comfortable environment to provide
direct careto her baby when needed. Her blog highlighted how
she planned the remodel and how the changes helped her to
more easily care for her baby.

(Un)supportive Others

Although most women reported consistent and positive support
from family and friends during pregnancy and motherhood, the
quality of support they received from health care providers was
mixed. However, despite mixed feelings about health care
provider support, women reported being proactive about their
needs and perseverance to achieve with their pregnancy and
motherhood.
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Prepregnancy

All women bloggers who became pregnant reported doing so
with a supportive partner. Family members, when mentioned,
appeared to provide instrumental and emational support. One
woman stated:

| have a lot going for me. | already know what lots

of people don'tparalyzed women (and me in

particular) can conceive and deliver children

normally. | have a supportive and loving husband

who wants to have a child with me. | have many

friends— somewith greater problemsthan | havewho

will be there for me. | have decades of experience

working around my paralysis and playing to my

strengths.
Some women delayed announcing their pregnancy to family
and friendsto prevent worry or because they were not sure how
the pregnancy would be received. One woman described fegling
more comfortable sharing her pregnancy news on the Web
versus in person. In announcing her pregnancy, she celebrated
the fact that by becoming pregnant, she was dispelling
misperceptions that she was asexual or incapable of enjoying
asexua relationship, disconnecting pregnancy to motherhood.

In some instances, women were advised by their health care
provider to abstain from having children and felt that their
providers viewed women with disability as high-risk maternity
patients. Women attributed this high-risk designation to health
care providers' lack of experience in caring for women with
physical disabilities or to a biased view that women with
disabilities should not have children. One woman with autism
expressed, “Autistic people are people with their own wants
and needs and goal's, and we can make our decisions about what
is and is not in our best interest.” Several bloggers reported
interviewing multiple health care providers until they found one
who supported their desire to become pregnant.

Pregnancy

Among women in wheelchairs, identifying offline and
Web-based peers they could relate to offered them a sense of
shared experience. In some cases, the desire to find a peer was
the rationale for starting their blog. The individuals who
commented on the blogs included both women with similar
disabilities and others who could not be identified as having a
disability or not. Comments from those who self-identified as
having a disability indicated that reading about peers with
similar experiences was validating. For example, a television
program about a woman in a wheelchair who delivered a baby
provided a sense of inspiration for some but caused worry for
others, as the televised woman required bed rest.

Experiences with health care providers varied. Some women
reported experiencing a shared decision-making process in
planning for a cesarean or vaginal delivery. In some cases,
women reported interviewing obstetricians either to determine
those who had the most experience providing pregnancy care
for women with their same disability or to find a health care
provider with whom they felt the most comfortable. One mother
stated:

http://pediatrics.jmir.org/2019/1/e12355/
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| didn’'t know any other momsin wheelchairs. | found
an amazing doctor, but | was his first patient with a
physical disability. We were going to learn the
process together.
In contrast, some women reported having providers who were
not supportive. Somewomen felt that their health care provider
believed they should not be pregnant or would be unableto care
for a child. One mother stated:

The unknown of paraplegic deliveriesgetslabeled as
high-risk to doctors. Even though | didn’t feel | was
high-risk, | heard their admonitionsand dutifully went
for a prenatal consultation with the most respected
obstetrician | could find.

The proximity of the health care provider to the woman’s place
of residence was also taken into consideration, aswomen wanted
to be able to access health care quickly and easily if needed.

Early Motherhood

Some women relied heavily on others to support them
throughout pregnancy, whereas other women who were
previously independent considered accepting help from others
for the first time during pregnancy. One woman stated:

The combined experiences of pregnancy and
motherhood seemed to soften some lingering
bitternessin me, and | became more grateful for help
whenever it came my way. Help was not there all the
time, however.

Different, But Not Different

Although women with disabilities faced challenges related to
their abilities, they reflected on their experiences and milestones
as being similar to those experienced by women without
disability. Furthermore, becoming pregnant as a woman with
disability offered membership in a unique group and the
bloggers expressed a sense of unity with their peerswho shared
this experience.

Prepregnancy

When expressing desiresfor pregnancy, women shared feelings
of excitement but al so reported apprehension about their ability
to nurture a child and simultaneously manage their own
disability. Some women had to stop medications before
becoming pregnant whereas others worried about the potential
need for bed rest. One woman indicated she was unsure if her
paralysis would hinder her ability to push during delivery.
Another woman considered surrogacy as a way to mitigate
health risks, stating:

| thought one of the hardest parts of deciding
surrogacy would be finding a compassionate man to
support my choice. However, my husband was
completely supportive of my decision, even while we
were dating. When we became ready to start our
family, we realized that surrogacy was going to be
the only option for us.

Information-seeking behavior about reproductive health and
pregnhancy was common. Somewomen with autism highlighted
the fact that those with autism are often very intelligent. One
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woman stated, “ Onetheory | likeisthat we actually make great
mothers because we research, research, research whenever we
know we're going to be encountering something new!” In a
contrasting case, awoman who was diagnosed with autism after
pregnancy indicated that she may not have been emotionally
ready to raise achild, athough she did not realizeit at the time.
The woman stated:

When you' re undiagnosed and going into parenthood,
many issues can arise. However, becoming a parent
when you know your disability can hinder your
parenting abilities; this creates an entirely different
dilemma.

Given the timing of her autism diagnosis, she did not have the
opportunity to prepare for motherhood with an understanding
of her autism diagnosis. The disability-specific experiences of
women in the preconception context involved considering
whether pregnancy was agood choice and whether they would
be up for the perceived challenges of parenting with adisability.
Aswomen blogged about these considerations, they expressed
emotions and concerns specific to their unique situations. Yet,
some concerns were common among other women
contemplating motherhood.

Pregnancy

Bloggers reported experiencing common pregnancy symptoms
such asfood cravings, heartburn, morning sickness, and fatigue.
Bloggers also reported planning and participating in baby
showers, shopping for baby items, and receiving baby giftsfrom
friends and family. Pregnancy appeared to be relatively
uneventful for some. One woman stated, “Throughout my
pregnancy, | was till able to live completely independently.”
Many women weretold that they were categorized ashigh-risk,
which may have increased the frequency of their medical
appointments. However, the bloggers did not directly discuss
the frequency of appointments. There was no mention in the
blogs of women with SCI about common pregnancy
complications in this population, including urinary tract
infections, decubitus ulcers, constipation, increased spasticity,
deep vein thrombosis, and alterations in pulmonary function
[54,55]. In addition, no women with SCI mentioned increased
urinary frequency or increased need for self-catheterization.
However, 1 woman with SCI did offer advice on the need to
stock up on suppliesin case self-catheterization was needed.

There were multiple women with SCI who wrote about sadness
or frustration when strangers were unaware of their being
pregnant. They relished the opportunity to socialy rejoice in
their pregnancy but lamented the lack of notice. Some women
wondered if strangers assumed that they had gained weight as
aresult of being in awheelchair or felt that people had a hard
timeimagining that awoman in awheel chair might possessthe
capability to conceive or be pregnant. One woman was direct
about the perception that sexua intimacy and paralysis were
incommensurate, indicating, “If | offer to share that 1 am
pregnant with a stranger, the response is often a silent
combination of confusion and disbelief.”

Inasingle case, 1 mother opted to have an abortion. Comments
from blog readers without disability who had also undergone
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abortion indicated that the experience did not differ from others
who had experienced an abortion, indicating feelings of
isolation. A mother with SCI indicated that she had miscarried
her second pregnancy near the second trimester expressed
feelings of sadness, but mostly guilt because of her body’s
betrayal and inability to sustain a full-term pregnancy. In this
same instance, the woman shared that her partner reassured her
by suggesting:

It just happensthat way sometimes. The baby isweak
and just doesn’t thrive and that’s all it is.

Women with disability may seek out abortion, experience
miscarriage, and have avariety of common emotions after these
experiences.

Delivery

Most women perceived that their delivery was normal. Some
women with SCI reported experiencing avaginal delivery with
ashort labor and tolerabl e pain because of paralysis, which was
viewed positively. For those with SCI who had some lower
abdominal sensation, an epidural was pursued; although, at
times, it was challenging to insert because of spinal hardware.
One woman indicated:

Although | cannot feel pain below my injury site, my
body is experiencing it all. Due to this, | was given
an epidural to help my body endure the pain after
childbirth even though | knew | wouldn’t feel a thing.

Inasingular case, 1 woman had an uncomplicated delivery at
homewith amidwife and doulaand reported agood experience.
Other women had planned cesarean deliveries, though no one
individual mentioned multiple cesarean deliveries. There were
no reports of planned vaginal deliveriesthat resulted in cesarean
delivery. However, 1 woman indicated ashared decision-making
process between herself and her obstetrician resulting in the
decision to pursue a planned cesarean delivery owing to her
inability to push because of thetitanium rodsin her spine. There
were no mentions of in-patient lengths of stay; however, 1
woman was required to be on bed rest following delivery
because of hypotension. Furthermore, some women indicated
that the utilization of intrapartum anesthesia required some
adjustments on the basis of SCI, and the women and their health
care providers problem solved these challenges, including the
unusua decision in 1 case to administer general anesthesia
during delivery. Another woman experienced an adverse event,
a spike in temperature and uncontrollable shaking, which she
attributed to her body releasing more Oxytocin than normal to
compensate for her paraplegia. There were no specific details
about women with autism or TBI and their labor or delivery.

Early Motherhood

All bloggers indicated that they were able to provide direct
newborn care and celebrated their baby’s milestones.
Breastfeeding was mentioned by 3 different bloggers; it is
unknown if the other women were breastfeeding or not. Of the
3 women who did bresstfeed, 1 indicated that she did not
experience challenges with breastfeeding, although she did
report the use of pillow propsto support positioning, atechnique
also used by women without disability. Therewere no mentions
of not to breastfeed because of disability or disability-related
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challenges. The blogs of women with autism or TBI contained
no mention of breastfeeding at all. Additionally, there were no
mentions of use of a breast pump, mastitis, or breastfeeding
problems in any of the blogs.

Mothers used both unique and standard waysto carry their child
while in awheelchair. For example, 1 mother used an airplane
seatbelt to attach ababy basket carrier to her wheel chair whereas
other mothers used baby carriers. One mother wrote:

My greatest ally in managing a newborn on my own

wasa baby dling. Beingin a chair and trying to carry

a baby felt like having both arms and both legs tied

behind my back. The baby sling freed up my armsand

allowed meto work and do other thingswhile holding

the baby. | learned how to do almost anything wearing

my sling, including using the toilet.
Women also blogged about the challenges of transitioning to
motherhood, reflecting on challenges they believed that they
shared with other mothers. One woman with autism emphasized
how the transition to motherhood may be particularly
challenging for those with autism, writing:

Babies have demanding round-the-clock needs; they
are everything that an autistic person would have
difficulty coping with. Time alone and carefully
crafted routines no longer existed. My body was no
longer my own; transformed first by pregnancy then
by postpartum hormones and breastfeeding.

Schedule challenges arelikely not unique to women with autism
but perhaps may be more disruptive to women with autism who
adhereto routinesto manage their needs. We found no mentions
about postpartum depression or depressive symptomsin any of
the blogs reviewed.

Society Questioning M otherhood

Women experienced misconceptions or misunderstandingsfrom
others, including questioning whether or not a woman with a
disability should conceive, deliver, and care for children. Yet,
women refused to give up the opportunity to experience
motherhood.

Prepregnancy

Some women blogged about others questioning their ability to
be or become amother. For those in wheelchairs, thiswas often
rooted in misconceptions about whether or not they were
infertile or could and/or would engage in sexual intercourse.
One woman, in an attempt to reconstruct social norms, stated
“With adaptations, many moms with paralysis are capable of
raising children.” Other women in wheelchairs indicated that
they would not let society get in their way of becoming mothers.
One woman stated:

One day, when our children are old enough, we will
tell them the story of the nonconventional delivery,
and we will share how hard we—their father and
|—worked to make their existence possible. Because
that's what parents do: they find a way to make
possible the impossible.

On the contrary, 1 blogger with autism wrote about ongoing
social resistanceto parenthood targeting people with disabilities.
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Referencing the historical record of involuntary sterilization of
women with disabilities, sheindicated that shewould befearful
if she publicly announced she had autism and was pregnant
because of the backlash she would receive.

Early Motherhood

Although questions and concerns about dealing with the
challenges of motherhood were discussed, many women
expressed their excitement about being a mother and gratitude
for their supportive partners. A concern about public scrutiny
of the emotional and physical abilities of women with autism
to care for a child was noted by 1 blogger with autism, who
wrote;

The biggest issue occurs when people in authority
misinterpret us [ women with autism] and call in Child
Protective Services, whenin reality, nothing iswrong.
Ultimately, we are individuals, influenced by being
autistic, influenced by being female, but in the end,
still individuals.

Women blogged about how society expected them to face
emotional or physica challenges during pregnancy and
motherhood; however, the women themsel ves expressed overall
feelings of capability in bearing and caring for children.

Discussion

Principal Findings

In this study, we sought to learn more about first-person publicly
available accounts of prepregnancy, pregnancy, delivery,
postpartum recovery, and early motherhood as written in the
blogs of women with SCI, TBI, spina bifida, or autism. We
examined personal stories about encounterswith the health care
system as well as the ways women used blogging to convey
information and offer support to other women with disability
and their families. Blogs represent an important piece of the
public narrative about the intersection between disability,
reproduction, and motherhood. Although we selected 4 key
types of disabilities as the focus of our work to represent both
acquired and congenital disabilities, our systematic search of
personal blogsresulted in locating more blogs written by women
with SCI and TBI than those with autism. We identified no
blogs written by women with spina bifida meeting our search
criteria.

In contrast to results from other studies that highlight the
challenges faced by women with disabilities in achieving their
reproductive goals [56-58], some of the blogs analyzed in this
study included a more positive representation of women’'s
experiences. Although women wrote about negativeinteractions
with providers, we also identified bloggers who felt that their
experiences were empowering and who wrote about
self-advocacy to achieve their reproductive goals with healthy
outcomes. Across blogs, we identified numerous women with
disability who had strong desires for motherhood, who had the
support to pursue these desires, and who were able to
successfully navigate a health system in pursuit of pregnancy.
Women wrote that their disability did not compromise their
preghancy experience. Women even mentioned some ways in
which their disabilities contributed to better experiences, such
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astheinability to feel pain during labor for some women with
SCI or the structured, organized approach of women with autism
asapositive attribute of parenting. Of note, most women seemed
to be navigating health care for pregnancy and birth without
formal collaboration between their maternity health care
providers and their disability-specific providers.

Results derived from thisblog analysis offer guarded yet positive
counterpointsto the recursive cascades of disability, poor health
outcomes, and insufficient social and structural support [59].
We suggest 3 possibleinterpretations of these results juxtaposed
against the premise of syndemicstheory that social, biological,
and structural factors increase the risk for compromised
reproductive health outcomes by reinforcing disadvantage
[15,16]. First, the altruism of bloggers in paying forward their
experiences to benefit othersis an effort to build social capital
within the reproductive-aged community of women with
disability. Similar effortsidentified in other social mediahealth
research [60] are unaccounted for in the syndemics theory. In
thisanalysis, bloggers noted difficulties and challengesin their
reproductive health choices and outcomes. Despite describing
some negative experiences, women addressed how they
navigated care using self-advocacy and social support to achieve
desired outcomes. Overal, the blogs went beyond simply
describing difficulties, as bloggers detailed the ways in which
their choicesand life hacks could benefit other womenin similar
situations.

Second, social media posts tend toward positive
self-representations[61,62], a phenomenon that could mutethe
presentation of difficult experiences or poor reproductive health
outcomes fueled by the interaction between disability and
disadvantage. Selective overrepresentation of positive
experiences in personal blogs could possibly account, to an
unknown degree, for our findings. Yet, the value and uniqueness
of blogs also argues for their inclusion in research for several
reasons. Blogs allow for detailed and complete stories to be
told. Blogs have been used previoudly to learn more about how
individuals share clinical datawith family and friends [45], the
caregiving perspective [63], and the lived experience of having
a chronic condition [64]. Blogs humanize the experience of
reproductive health by providing access to the positive
experiences, joys, and achievements of women with disability
to counterbal ance the negativity of published medical research
or health care providers. As some suggest, blogs put the public
back into public health [65]. This rich source of data can be
used in addition to or as a precursor to qualitative interviewing.

A third explanation for the generally positive pregnancy and
disability spinin blogsisthat online social support transmitted
through the blogging endeavor and eWOM may offset the
isolation and socia disadvantage that women with disability
experience. This social support effect has been documented
among adults with chronic pain [66], a population with similar
situational disadvantages. Social mediaplatforms can contribute
and facilitate knowledge sharing [41,42]. By analyzing those
personal experiences, we identified several unmet needs of
women with SCI, TBI, and autism, such as a need for more
accessible exam tables, a need for larger wheelchairs as
preghancy advances, and a need for supportive health care
providers who respect women’s choices to make autonomous
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decisions about whether to have children. Women bloggers
offered suggestions and possible solutions to some common
challenges. For example, severa life hacks offered tacit
knowledge to a community of women who may have similar
disabilities or challenges in pregnancy and early motherhood.
Although thetacit knowledge or personal experienceisinformal
and lacks arobust evidence base, these suggestions may provide
a starting point for further research and potentia integration
into the care of women with disability.

Use of blogs for research purposes has some limitations. For
example, bloggers may comprise an atypica sample of the
population of women with SCI, TBI, or autism. Bloggers are
likely to have higher levels of literacy, be more technologically
adept, and have higher levels of education [47,67]. Given the
nature of our data collection methods, we were not able to
extract demographic factors from bloggers beyond their
self-identified disability types. Reviewing blogs clearly does
not provide a comprehensive overview of the experiences and
challenges faced by women with disability. Thus, our findings
should be interpreted in this context. All bloggersin our study
who mentioned partners described that they were supportive.
It isimportant to note that none of the 5 blogs written by women
with autism mentioned partnersin their blog. We did not identify
(2) financial concerns such as the increased medical costs for
a high-risk pregnancy for the woman or infant, except for
surrogacy; (2) lack of access to medical providers, although
some struggled to find theright provider for them; (3) significant
complications experienced by the mother or infant throughout
pregnancy or delivery; or (4) postpartum depression. These
concerns, commonly identified in the research about pregnancy
and disability, were absent in this sample. For example,
autonomic dysreflexiaisamajor concern during pregnancy and
labor among women with SCI, particularly those with lesions
above the T6 level [55]. However, we did not observe any
specific references to autonomic dysreflexia among women
with SCI in our blog analysis. Similarly, postpartum depression
is often identified in women with autism but was not identified
in the blogs of autistic women reviewed for this study [68]. In
addition, our findings may not be generalizable to women with
disability who do not write or read blogs, women with more
complex medical histories, or women with disabilities other
than SCI, TBI, and autism. Our search strategy did not identify
blogs written by women with spina bifida and identified very
few blogs by women with autism. It is possible that our search
strategy did not identify all possible blogs. Alternatively, it is
also possible that women with spina bifida and autism are not
blogging to the same extent as women with SCI or TBI.

Application of findings from this study may advance research
and practice. Women with disability who have been able to
achieve pregnancy and motherhood have much to share with
their peers who desire this experience. Using women with
disabilities as health navigators has been recommended by other
authors who have suggested that these navigators could help
others to recognize their own potential for giving birth,
understand the importance of advocacy and support during
pregnancy and birth, share information, provide guidance on
interacting with maternity providers, and help women manage
their fears [69]. Future research may specify survey and
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interview questions on the basis of what women with disability
highlighted as important personal and social resources for
successful pregnancy and motherhood and challenges they
encountered. Research iswarranted to explore how other social

Litchman et al

Finally, tools to help women communicate with their providers
about their unique needs and challenges would help to improve
their health care experience from preconception through early
motherhood. Such tools need to be developed and eval uated.

media tools are being used in this context or could be utilized
to help enhance information sharing and social support among
women with disability. Some informational resources exist for
some types of disability but for others, more information and
resources are needed. Having al pregnancy-related resources
in one Web-based |ocation would be beneficial for both women
with disabilities and the health care providerswho care for them.

Conclusions

This study of personal blogs written by women with SCI, TBI,
and autism about pregnancy and health care offers a glimpse
into their reproductive experiences, challenges, and adaptations
and provides a foundation for future research to address the
unique needs of women with disabilities.
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Abstract

Background: Populationsin low-resource settings with high childhood morbidity and mortality increasingly are being selected
as beneficiaries for interventions using passive sensing data collection through digital technologies. However, these populations
often have limited familiarity with the processes and implications of passive data collection. Therefore, methods are needed to
identify cultural norms and family preferences influencing the uptake of new technologies.

Objective: Before introducing a new device or a passive data collection approach, it is important to determine what will be
culturally acceptable and feasible. The objective of this study was to develop a systematic approach to determine acceptability
and perceived utility of potential passive data collection technologies to inform selection and piloting of a device. To achieve
this, we developed the Qualitative Cultural Assessment of Passive Data collection Technology (QualCAPDT). This approach is
built upon structured elicitation tasks used in cultural anthropology.

Methods: We piloted QualCAPDT using focus group discussions (FGDs), video demonstrations of simulated technology use,
attribute rating with anchoring vignettes, and card ranking procedures. The procedure was used to sel ect passive sensing technologies
to evaluate child devel opment and caregiver mental health in KwaZulu-Natal, South Africa, and Kathmandu, Nepal. Videos were
produced in South Africa and Nepal to demonstrate the technologies and their potential local application. Structured elicitation
tasks were administered in FGDs after showing the videos. Using QualCAPDT, we evaluated the following 5 technologies:
home-based video recording, mobile device capture of audio, a wearable time-lapse camera attached to the child, proximity
detection through a wearable passive Bluetooth beacon attached to the child, and an indoor environmental sensor measuring air
quality.
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Results: In South Africa, 38 community health workers, health organization leaders, and caregivers participated in interviews
and FGDs with structured elicitation tasks. We refined the procedure after South Africato make the process more accessible for
low-literacy populationsin Nepal. In addition, the refined procedure reduced misconceptions about the tools being evaluated. In
Nepal, 69 community health workers and caregivers participated in arefined Qual CAPDT. In both countries, the child’swearable
time-lapse camera achieved many of the target attributes. Participantsin Nepal aso highly ranked a home-based environmental
sensor and a proximity beacon worn by the child.

Conclusions: The QualCAPDT procedure can be used to identify community norms and preferences to facilitate the selection
of potential passive data collection strategies and devices. QualCAPDT is an important first step before selecting devices and
piloting passive data collection in acommunity. It is especially important for work with caregivers and young children for whom
cultural beliefs and shared family environments strongly determine behavior and potential uptake of new technology.

(JMIR Pediatr Parent 2019;2(1):€12366) doi:10.2196/12366
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Introduction

Background

The recognition of early child development as a domain of
global importance and the inclusion of specific child
development indicators in both the Sustainable Devel opment
Goals (SDGs) [1] and the United Nations Secretary General’s
Global Strategy for Women's, Children’s and Adolescents
Health [2] has refocused attention on a life-course perspective
and the need to ensure that children meet their devel opmental
potential. Assessing children’s developmental progress and
caregiver-child relationships longitudinally is expensive and
time-consuming, with few existing, valid methods available to
effectively measure and monitor at a population level [3].
Paper-based tools require careful quality assurance and quality
control review, which double dataentry time burden. Traditional
approaches to audiovisual recordings can be equally time
consuming because of required transcription and structured
coding. These existing limitations point to the potential gap that
could be bridged by using newer technol ogy.

The use of mobile technologies to leverage their capabilities
and functionality to support public health careis called maobile
Health (mHealth) [4]. mHealth in low- and middie-income
countries (LMICs) first started with strengthening the data
system on computer-based platforms but has transcended to
datacollection, training, facilitated communication among health
workers, decision support, supervision, and health promotion
in recent years[5,6].

Among the first steps to transform mHealth potential into
transformative public health impact is the United States
National Institutes of Health’'s toolbox. The toolbox comprises
avalidated set of freely available measures that can be used to
quickly (within 2 hours or fewer) assess cognitive, sensory,
motor, and emotional function in a diverse range of contexts
[7]. All measures are available electronically for use on aniPad.
Rather than requiring highly trained research staff to
simultaneously monitor time, record responses, and interact
with the child, these electronic assessments simplify test
administration and reduce cognitive load, thereby improving
data accuracy.

https://pediatrics,jmir.org/2019/1/e12366/

As technology advances, new avenues of exploration in the
application of technology to early child development are
emerging. The Language Environment Analysis (LENA) system
is a comprehensive assessment of the home linguistic
environment of infantsand children. The LENA system consists
of a small child-safe recorder that is worn, in a comfortable
custom-designed vest, by the child during the day. Recordings
aretrang ated into data about the linguistic environment, which
can beviewed and analyzed using specialist software[8]. Other
developmental usesincludetoolsfor enhanced early education,
for example, educational magic toys, which make use of
augmented reality technology [9,10]. Thegrowing array of baby
wearablesthat track heart rate, movement, breathing, and other
physiological measures al so holds promise for improving child
health research and its public health impact in LMIC [11-14].

Although the toolbox and other app versions of psychometric
tests are well described [7,15,16], little has been written about
how other mother and child assessment methodologies can
benefitinasimilar way from technological progress. Naturdistic
observation, caregiver and clinical interviews, direct assessment,
and coding of interactions are still primarily the global tools of
choice. The challenge is that many of the issues of interest are
best examined through methods that require manual collection
and coding of unstructured data. For example, caregiver-child
attachment is time-consuming to code and requires high levels
of training and honed skills for coding the observational
audio-visual recordings. Such demands are barriers to scaling
up the method for widespread use.

Accurately and reliably measuring child development to track
progress toward meeting the SDGs requires a suite of research
tools that go beyond mobile apps and are acceptable,
confidential, safe, nondisruptive, and have utility. One avenue
of exploration is passively collecting, transforming, and
analyzing data generated by mobile phones, wearables, and
other small sensors that can be embedded in the environment
[17]. Advancementsinthefields of digital sensors, computation,
storage, and communications have turned mobile phones into
powerful mobile sensing devices [18]. Among the sensors
included in modern mobile phones are accel erometer, altimeter,
digital camera, microphone, Global Positioning System (GPS),
Bluetooth proximity, and oximeter among others[19].
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Analyzing the digital traces produced by these sensors could
enable the assessment, detection, and monitoring of key
developmental processes in an automated, expeditious, and
scalable manner. Although single-sensor—based systems are
useful, they are often limited in both accuracy and the number
of behavioral activities that can be tracked. To counteract this
limitation, multisensor systems are now preferred [18]. Using
the ecological systems theory as a foundation [20], Table 1
presents an overview of the types of sensors and information
that could be obtained about a child’s world through the
collection and analysis of these passive data producing sensors.

Although it may technically be feasible in certain contexts to
collect these diverse data sources, acceptability will vary due
to, among other things, the intrusiveness of the approach.
User-centered studies suggest that technologies intended for
intimate personal use need to comply with a number of factors
if they are to be deemed usable and acceptable and sustain user
engagement [21]. Taking into account both human and technical
aspects, 6 factors have been found to influence adoption [22];
they include (1) supporting fundamental human needs such
physiological and safety needs; (2) cognitiveload—ease of use,
perceived risks, and fears; (3) socia factors—privacy, cultural
acceptance, and influence over social interactions; (4) physical
aspects—device size, conform, and appearance; (5) participant
demographics—age, gender, and culture influence preferences
and perceptions toward devices; and (6) technical expertise of
the user—with more expertise increasing confidence and use.

These principles inform a growing body of evidence for the
feasibility and usefulness of sensor devices in maternal and
child research. Cameras and the PhotoVoice methodol ogy have,
for example, been used with children aged as young as 3 years
to gain a better understanding of how they perceive their
community, relate to being orphaned, and understand their
infection with HIV [23,24]. First-person photography, through
body-worn cameras, has also shown promise as a novel
methodology for capturing the world through the eyes and
perspective of the child [25].

Kohrt et al

Thework of Mehl [26], whose el ectronically activated recorder
yieldsvaluable acoustic logs of people’s day-to-day experience,
is an example of how audio data generated from a microphone
could givevaluableinsightinto achild’slife. The LENA system
builds on thisidea by using asmall audio recorder, worn by the
child through the day, to periodicaly sample the auditory
environment. These audio dataareloaded into the LENA system
and are immediately trandated into information about the
environment of the child [27].

Radio-Frequency Identification Devices (RFID) isthe primary
approach used so far to track interpersonal proximity. RFID
tags are activated in the presence of areceiver and can generate
a small radio frequency that is recorded by the receiver. For
example, an RFID-based system was implemented to track the
spread of hospital-acquired infectionsin the pediatric ward [28].
The same RFID system was used in France to better understand
face-to-face contact between studentsto better understand how
these interactions shaped social networks and facilitated the
propagation of infectious disease [29].

Onelimitation of the current literature baseisthat most of these
studies are currently being produced in high-income countries
in controlled laboratory or hospital settings. Furthermore, many
do not provide a method for establishing participants
understanding of technology and the data that can be collected
and mined from these devices.

Objective

This study, therefore, aims to develop a systematic method to
inform understanding of how families and caregivers from
LMICs perceive the suitability and acceptability of a range of
passive digital datacollecting sensorsthat could beincorporated
into the home environment. The findings from this approach
should be ableto directly inform selection of devicesand passive
datacollection strategieswith the greatest likelihood of adoption
for home-based interventions. We refer to our proposed
systematic approach as the Qualitative Cultural Assessment of
Passive Data collection Technology (QualCAPDT).

Table 1. Passive digital sensors and an example of the type of information they could produce at each level of ecological systems theory.

Ecological level Activity Sensors Information

Individual (child) Movement Accelerometer, altimeter, gyro- Activities of daily living
scope, and GPS?

Individual (child) Physiology Electrocardiogram, electromyo- Assessment of toxic stress
graph, electroencephal ogram, elec-
trodemograph, oximeter, and ther-
mometer

Microsystem (peers, family, and Interaction Wi-Fi proximity, Bluetooth proxim-  Nurturing care

caregiver) ity, microphone, digital camera, and
digital video

Exosystem (neighborhood, mass Environment Digital camera, digital video, and  Air, noise, and water pollution

media, and extended family)

Macrosystem (culture, social condi-
tions, and economic system)

Human devel opment

environmental sensor

Microphone Language development and expo-

sure to cultural practices

3GPS: Global Positioning System.
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Methods

Settings

Research was conducted in South Africa and Nepal. These
countriesareideal sitesto develop aprocedurethat can be used
to select devices and data collection approaches that will be
acceptable and feasiblein settings with low-literacy populations
unfamiliar with passive sensing technology. The countries have
high rates of poverty and childhood morbidity and mortality
with limited accessto specialized child health and mental health
services. Moreover, the countries are exemplified by large health
disparities and poor outcomes with traditional health delivery
approaches, thus necessitating greater use of technology.

Moreover, there are preliminary successesfor mHealthin these
settings. In South Africa, mHealth is increasingly used for
HIV/AIDS prevention and care, including home-based testing
and counseling to promote treatment engagement and adherence
[30,31]. Text messaging through mobile phones has been used
to collect feedback on maternal-child health services throughout
South Africa and resolve areas of poor-quality care [32].
mHealth in Nepal has worked in different capacities such as
improving communication and coordination between health
workers in rural areas and district hospitals, strengthening
community-based surveillance systems, and improving maternal
and neonatal health outcomes [33,34]. Furthermore, mHealth
has been successful in achieving targets for reduced maternal
mortality through increased health facility attendance and
institutional delivery in Nepal [35]. However, in both countries,
passive sensing data collection has received limited attention
and would benefit from qualitative exploration before selecting
and piloting new approaches. Furthermore, methods used to
determine cultural acceptability and feasibility before selecting
devices for pilot could be of great benefit throughout LMICs,
other low-resource settings, and a context with diverse cultural
groups.

In South Africa, the study was conducted in the Sweetwaters
region of the Greater Edendale Area of Pietermaritzburg,
KwaZulu-Natal. This location has been the site of ongoing
research on public health initiatives |ed by the Human Sciences
Research Council (HSRC). The Sweetwatersareaisemblematic
of rural regionsin South Africathat have suffered high rates of
maternal HIV and mother-to-child transmission. However,
through public health programs, these rates have dramatically
reduced over the past decade. In Nepal, the study was conducted
in Sankhu, Manamaiju, and Phutung, which are all located
approximately 30 to 60 min away from Kathmandu. These areas
were heavily affected by the 2015 Nepal earthquake. Sankhu
was devastated with more than 100 persons killed on the day
of the first earthquake. Sankhu, athough having access to
Kathmandu, lacks child health specialty services, and there are
no local mental health services. Manamaiju was comparatively
closer to the city but did not have mental health servicesin their
local health posts. Research in these sites was conducted in
2016 to 2017.

https://pediatrics,jmir.org/2019/1/e12366/
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Qualitative Cultural Assessment of Passive Data
Collection Technology

We devel oped the Qual CAPDT procedure by adapting methods
commonly used in cultural anthropology [36,37]. We had 2
objectivesin the development of QualCAPDT. Thefirst wasto
have a systematic process that could be replicated in other
settings to evaluate the acceptability and perceived utility of
different passive data collection strategies before devel opment
or adaptation of thetechnology. The goal wasto avoid selection
of data collection platforms before receiving input from end-user
communities, which would lead to potential waste of resources
for technologies that would not be adopted. The second was to
gain information about how participants viewed, among other
issues, the ethical risks they would be exposed to by
participating in astudy that collected passive digital data about
their behavior in their homes. A crucial outcome was to protect
people’'s ethica rights in research because passive data
collection of daily family lifeis an invasive process. Our hope
was that QualCAPDT would provide insight into privacy,
confidentiality, and the mgjor ethical responsibilitiesresearchers
have in this new technological age of health interventions.

To frame our 2 objectives, we used the following domains,
adapted from Buenaflor and Kim’s 6 human factors [22], to
guide all participant discussions about the devices and data
under review:

« Domain 1: Confidentiality referring to the degree to which
the device would protect personal information; thiswas an
ethical domain we added to the 6 human factors.

« Domain 2: Safety referring to concernsthat the devicewould
pose health risks or put a child or family at the risk of
mugging or theft; thisdomain captures Buenaflor and Kim's
first human factor—safety.

« Domain 3: Social acceptability referring to the degree to
which family members and neighbors may have negative
responses to introduction of the device; this reflects the
third human factor—social factors—and human factor
5—demaographic perceptions.

«  Domain 4: Noninterferencereferring to the degreeto which
the device would negatively impact physical functioning,
activities, or daily routines; this reflects the fourth human
factor—physical aspects.

« Domain 5: Utility referring to the perceived benefit of the
device for improving caregiver and child health,
development, and mental health; this incorporates aspects
of human factor 2—ease of use—and human factor
6—technical expertise.

Step 1: Development of Videos

Narrative focus group discussions (FGDs) are a technique
commonly used in cultural anthropology and public health
[38-40]. In narrative FGDs, participants are typicaly read a
story or scenario at the beginning of the session, then they
comment according to probes provided by thefacilitator. Given
the lack of familiarity with passive data collection devices
among community health workersand caregiversin rural South
Africaand Nepal, wefelt that narratives about the deviceswould
have been insufficient for participants to understand the
technology and types of data capture. Therefore, videosranging
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in length from 3 to 6 min were produced, demonstrating the
technologiesin the local settings.

In South Africa, the production of the videos was conducted by
agroup of research assistants over aperiod of amonth. In Nepal,
the video production task was assigned to ateam of independent
contractors, and they took around 1 month to produce the final
cuts. Five videos, each demonstrating a technology, were
produced in both countries. Separate videos were produced for
South Africa and Nepal so that participants could relate to the
experiences of persons in the video. Videos were in the local
languages of the participants, isiZulu with English subtitlesin
South Africaand Nepali in Nepal.

The video content was similar between the 2 countries. The
videos provided images of the technology, a scenario in which
a researcher explains the technology to a rural family with a
small child, and, when possible, an example of the output of
the technology that could be used for health interventions. In
Nepal, the video was prefaced with information on the role of
female community health volunteers (FCHV's) as these would
be the individuals managing the devices. Screenshots from the
South Africa and Nepa videos are provided in Figure 1.
Individual videos areindexed bel ow as Multimedia A ppendices.

Step 2a: Conduct Video Focus Group Discussions

After the videos were produced, they were integrated into the
FGDs with community health workers and caregivers (see
Figure 2 for timeline). FGDswere conducted inisiZulu in South
Africa and Nepali in Nepal. In both countries, the FGDs for
community health workers began with general questions about
health needs of children and their daily routines, including any
health and development concerns that were common in that
community. The FGDs then transitioned to showing videos.
After the videos, the groups rated attributes using anchoring
vignettes (step 2b) followed by card ranking tasks (step 2¢),
and then, supplemental interviews were conducted with other
stakehol ders (step 3).

In South Africa, the FGDswere organized through acommunity
outreach team that works and lives within the community where
the participants were sampled. An equivalent of US $5 was
issued out to each participant as reimbursement for the time

Figure 1. Screenshots from videos demonstrating passive data collection

South Africa video

9,

)

5
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and relevant information about how your child
interacts with the world and thisWill be
presented to you.
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that they spent in the FGD. The FGDs were conducted within
the community in a central community hall. All FDGs were
conducted by qualitative interviewersusing IsiZulu asamedium
of communication. The videoswere projected onto awall using
a projection system connected to a laptop. The 4 FGDs took a
period of 9 days for completion due to the availability of both
the community hall and the participants in these groups.

In Nepal, the FGDs were scheduled with the help of FCHV.
One of the FCHV was contacted by phone 2 days before the
FGD and were asked to gather participants for FGDs. The
participants were provided nonmonetary compensation, for
example, household items such as soap, toothpaste, brush, and
lunch, for their time and effort. For FCHV FGDs, the datawere
collected in a quiet office room in a health care facility.
Caregiver FGDs took place in 1 of the caregiver’'s homes. One
of the authors (KT) moderated the discussions along with a
research assistant who did note-taking. The discussions were
held in the local language. We also audio recorded the FGDs
after receiving consent from all the participants. The FGD guide
was semistructured. The videos were shown in alaptop where
participants were seated just in front so that everyone could see
and hear what was happening in the video. In addition to the
use of anchoring vignettes (described below), several probes
were used during the FGDs to €licit responses from different
participants.

Some examples of follow-up questions post video including
probes used in both sites are shown below:

What do you think of the device? (PROBE: Have you seen
such device before? How do you like the device overall?)
What do you think are the barriers to using this device?
(PROBE: Electricity problems, incite argumentsin afamily,
etc)

Can you think of any example of how this deviceisuseful ?
(PROBE: What information could this device collect, and
how can you use that information?)

How feasible do you think it isto use these devices in your
community? (PROBE: How many people in your
community use mobile phones regularly? What cultural
practices might hinder the use of the device? Do you think
there isrisk of theft or breakage of the devices?)

devicesin South Africaand Nepal.

Nepal video

This device can also be attached on the walls of our house in this manner which helps
to examine the quality of air around our home environment
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Figure2. Qualitative Cultural Assessment of Passive Data collection Technology (Qual CAPDT) processtimeline of piloting in South Africaand Nepal.

Step 1 Step 2

Development of
videos
demonstrating
sensing technology

—»

(2a) Video-based focus
group discussions including
(2b) anchoring vignettes and
(2c) card ranking

Step 3

Supplemental
key informant
interviews

1 Month

1-3 Months

1-3 Months

Step 2b: Rating of Preferences Through Anchoring
Vignettes

Anchoring vignettes are a structured elicitation tool commonly
used in anthropological research, health behavior studies, and
public opinion polls [41-43]. Asindividuals may have a socid
desirability biastoward responding in the affirmative, anchoring
vignettes can be used to normalize a range of responses [44].
When initially piloting preferencesfor the devicesin this study
(unpublished), we found that few women had negative
responses. Therefore, we created 2 vignettes to anchor the
response options. For each criterion, there was 1 vignette that
ranked the device high on the criterion and 1 vignette that ranked
the device low on the criterion. For example, in Nepal, we
referred to Maya and Asha, with Maya vignettes having a
concern about the device and Asha being supportive about the
device on that attribute. Then, participants were asked to say
whether they felt that women in their community were more
likely to be like Maya or Asha (see Figure 3). The anchoring
vignetteswere presented inisiZulu in South Africaand in Nepali
in Nepal.

When doing the rating according to the anchoring vignettes,
participants are encouraged to describe their thought process
and discuss as a group why they are making certain decisions.
This process is based on techniques from anthropological
research on cultural domain analysis [45]. In this process,
participants prompted to describe attributes that lead to
categorizing in a certain way. For example, what are the
attributes of a device that lead to it being categorized more
closely to Maya's perspective in one domain but then closer to
Asha’s perspective in another domain. This type of prompting
reduces the likelihood that a device is ranked all toward Maya
on every domain or al toward on Asha on every domain.
Through this prompting, the participants consider each domain
independent of the others and identify the attributes that

https://pediatrics,jmir.org/2019/1/e12366/

contribute to the device's categorization in each domain. This
isrich qualitative information, which often came in the form of
participants debating the ways in which community members
think more like Maya or Asha.

Step 2c: Card Ranking Task

After rating with anchoring vignettes, we used a card sort
ranking task at the end of the FGD [36]. In this activity, each
device had a unique card with a photograph of the device, and
participants were asked to sort those cards according to each of
the attributes. For example, the 6 devices were ranked in order
from most to least confidentiality, and similarly, all devices
were ranked from the most to least useful for child health
promotion. This is a forced-choice approach in which
participants have to make cognitive decisions to up- or
down-rank certain devices. During this process, participantsare
encouraged to describe the thought process and decision making
that influences their ranking. The cards were images of the
devicesand did not include written language. Discussionsduring
the card ranking were conducted inisiZulu in South Africaand
in Nepali in Nepal.

Example prompts and probes during the card ranking task were
asfollows:

«  Example probe for confidentiality: Among all the devices
wejust discussed, which device do you think protects most
of your personal information? And next? And next?

«  Example probefor safety: Of al the devices, which one do
you think can be safely placed anywhere at home and will
not be prone to breakage or theft? And next? And next?

«  Example probe for acceptability: Of all the devices, which
one do you think will be most accepted by you and your
family members? And next? And next?

- Example probe for noninterference: Of al the devices,
which one do you think most hinders with your daily
activities? And next? And next?
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Figure3. Anchoring vignette elicitation techniqueto rate devices by attribute domains. (The anchoring vignettes, including all data collection materials
and videos, were presented in the local language of participants: isiZulu in Kwa-Zulu Natal, South Africa, and Nepali in Kathmandu Valley, Nepal.

Names and illustrations should be adapted to local cultural context).

Use of anchoring vignettes about Maya and Asha for
device attribute rating by community members

[ am now going to tell you made-up story about two women in your
community and how they feel about the device we just discussed. I
want you to tell me if the women in your community are more like

e
Maya

Maya or more like Asha.

“When the video camera was installed in the home,
Maya became very concerned about what her
husband would say. She did not want even the health
worker to see what happened in her home.”

“Asha, however, wanted the camera to help the
health worker better understand her child’s
development. She explained the purpose of the
camera to her husband and he also supported it.”

Asha

Do you think that women in your community are more like Maya’s
response (worried about confidentiality with this device) or more
like Asha (who is not worried about confidentiality)? Point to the

area on the line that represents the women in your community.

Like

9. Like
: Maya 1 2 3

Step 3: Use of Supplemental | nterviews and Data
Collection

In addition to the FGDs structured around the videos with
anchoring vignettes and card sort ranking, we conducted
additional key informant interviews to explore other themes
that would reflect community norms, preferences, and perceived
utility and feasibility of the devices. In some of theseindividual
interviews, the videos were also used to elicit discussion.

Example questions from the supplemental interviews were as
follows:

How would familiesfeel if you collected information about
conversations between family members using these
technologies?

What information could be collected around mesltime
activities?

https://pediatrics,jmir.org/2019/1/e12366/
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What are the main times of day when caregivers and
children are together, and what information could be
collected then?

«  Whose permission do we need to keep this device at home?

In South Africa, the supplementary interviews were conducted
with local organizations that work in the early childhood
development sphere. The participants were recommended by
the South African principal investigator who had extensive
experience working in the area or by research assistant based
on collaborating organizations working in the area of child
health and/or mobile technology. These participants were not
reimbursed for their time because they were professional s often
collaborating in research and health initiativesin the area. The
participants were contacted through the community outreach
team for availabletimeswhen theinterview could be conducted.
Supplemental interviews in South Africa were conducted in
English because they were often with organizational staff
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educated in English who were South African but may not have
been native to Sweetwaters.

In Nepal, for FCHV interviews, the contact information of the
FCHV was obtained from local health facility. They were
contacted 2 days before the day of data collection and scheduled
the time. For caregivers interviews, we obtained the contact
information from FCHV. The interviewees were provided
nonmonetary compensation as with the FGDs, for example,
household items such as soap, toothpaste, and brush, for their
time and effort. The data were collected in a quiet room in a
FCHV or caregiver's home. One of the authors (KT) and 2
research assistants were involved in conducting interviews. We
also audio recorded the entire interview after written consent
from the interviewee. The interview guide was semistructured.
When videos were shown, alaptop was used. The information
generated from interviews differed from FGDsin that interviews
helped usto identify attitudes and perceptions of individualsin
depth as opposed to coming to a general consensus in FGDs.
In addition, the interviews may have also differed from other
standard semistructured interviewsin that participants watched
videos of technologies without group discussions and the use
of multiple probe questions. Supplemental interviews were all
conducted in Nepali.

Passive Data Collection Devices Evaluated

We used the Qual CAPDT method to assess the suitability and
acceptability of 8 approachesto collecting passive digital sensor
datafrom 5 devices about caregivers and children in the home.
They ranged from invasive approaches that produce rich data
to less-invasive approaches that result in lessrich data.

Device 1: Video Recorder (Two Approaches)

Therewere 2 forms of video recording presented to participants.
One was a continuous recording with a camera mounted in the
living room of the home. Families were shown that data would
be stored on secure digital cards that would be removed and
reviewed by the researcher together with the family. The
participantswere a so told that atime-lapse version was possible
inwhich video would be captured every 15 min for 30 seconds.
The participants were told that neither data collection platform
would record sound. The South African video demonstrating
video recording is available in Multimedia Appendix 1 and the
video from Nepal is provided in Multimedia Appendix 2.

Kohrt et al

Device 2: Audio Recorder (Two Approaches)

Similarly, participants were presented with technology that
could collect audio from the home environment. It was explained
to participants that the technology could be set to record
continuous or episodic audio, with an example of the latter being
recordings made every 15 min for 30 seconds. The videos
demonstrated a fixed recording device in South Africa
(Multimedia Appendix 3) and a mobile recording device in
Nepa (Multimedia Appendix 4).

Device 3: Wearable Camera (One Approach)

A wearabletime-lapse camerawas demonstrated as atechnol ogy
that could be used to capture images from the child’s point of
view. Videos demonstrated how children could wear the devices
(see screenshots in Figure 4). The images captured on the
devicesin the children’s daily life were presented in the video.
The South Africa wearable camera video is provided in
Multimedia Appendix 5, and the video from Nepal is provided
in Multimedia Appendix 6.

Device 4: Bluetooth Beacon (One Approach)

A Bluetooth beacon was displayed in a video as a way to
evaluate when the target caregiver and target child are in close
proximity. Thiswasillustrated through asmall coin size plastic
toy that could be attached to the child and that sent out asignal
that could be received by a mobile phone carried by the
caregiver. A mock output was shown in the video to simulate
datathat could be reported on time the caregiver and child spend
together. The video demonstration for South Africais provided
in Multimedia Appendix 7, and the video demonstration for
Nepa is provided in Multimedia Appendix 8.

Device 5: Environmental Sensor (One Approach)

Finally, a room-based environmental sensor was presented as
a technology that could report on temperature, humidity, and
air quality within the home. The deviceswere fixed in the home,
and families were told they could be placed in any room in the
household that they preferred to assess air quality. The video
demonstrating the environmental sensor in South Africa is
provided in Multimedia Appendix 9, and the video for Nepal
isprovided in Multimedia Appendix 10.

Figure 4. Screenshots of videos demonstrating wearable time-lapse camera for children. Red arrows point toward the wearable device on the child.

#the camera, the child
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Participant Recruitment

In South Africa, 38 participants were recruited for 4 FGDs.
Participants included health organization workers, community
health workers, and caregivers. Caregiverswere deemed eligible
if they had a child in their care who resided with them in the
household. Of the4 FGDs conducted, 2 FGDswerewith health
organi zation workers and community caregivers (n=17) and 2
were with caregivers (n=21).

In Nepal, 69 participants were recruited. There were 5 FGDs
for FCHYV, inclusive of 32 participants. Caregivers (all women)
participated in 3 FGDs (n=18 participants). Datafor the ranking
task were also collected from the health volunteer and caregiver
focus groups (n=50). In addition, 10 individual key informant
interviews were conducted with FCHV, and 9 individual key
informant interviews were conducted with caregivers. FCHV
and caregivers were selected in Sankhu, Manamaiju, and
Phutung. FCHV were identified from the roster of local
government health facilities, where they report activities
monthly. Every FCHV from 2 health facilities was selected for
the study. The caregivers were selected based on referrals from
FCHVs.

Data Analysis

The audio recordings of FGDs and interviews were translated
into English. The translated transcripts were loaded in NVivo
version 12 (QSR International Pvt Ltd) for qualitative data
analysis[46]. A framework coding analysis approach was used
[47]. A priori codes included the devices (continuous audio
recording, continuous video recording, environmental sensor,
episodic audio recording, episodic video recording, proximity
beacon, and wearable beacon) and device attributes initially
used for the anchoring vignettes (acceptability, confidentiality,
noninterference, safety, and utility or benefit). Additional a
priori codes included themes from the qualitative interviews
(community health activities: child development and behavior,
child health program, community health worker activities, and
information collection and technol ogy readiness. mobile phone
usage and other technology usage). Using the a priori codes, 2
coders (authors BAK, who wasfamiliar with the Nepal context,
and KV, who was familiar with the South Africa context) read
and coded the same 4 transcripts (1 FGD from South Africa, 1
interview from South Africa, 1 FGD from Nepal, and 1
interview from Nepal).

The coders then used coder comparison within NVivo to
determine areas of common versus discrepant coding. Thiswas
used to redefine the codes where needed. Additional code
themes also emerged. Theseincluded feasibility and health risks
and injury under attributes. Feasibility was added to address
comments regarding whether the tools could be used but did
not address acceptability or other attributes. Health risks was
added to distinguish safety as an area where a person may be
endangered by using the device through theft or assault versus
health risks such as radiation or other perceived health
consequences. Under community health activities, codes for
context of community and facilities and family and caregiver
behaviorswere added. Under technology readiness, barriersto
technology use and facilitators of technology use were added.

https://pediatrics,jmir.org/2019/1/e12366/
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All referenced quotations are provided in a supplemental file
(see Multimedia Appendix 11).

The 2 coders then coded 4 new transcripts with the same
breakdown by country and qualitativetypeto establish interrater
reliability. The 2 authors achieved 0.80 interrater reliability.
Subsequently, the coders reviewed haf of the remaining
qualitative dataset. Additional information on the qualitative
process is available in Multimedia Appendix 12, using the
consolidated criteria for reporting qualitative research
framework [48].

Statistical analysiswas performed on the card sort datafor South
Africaand Nepal datasets using median and interquartile range
with inference testing using the Wilcoxon Rank Test. This
approach was selected because the data elicited through the
ranking tasks were nonparametric in distribution. Statistical
analyses were performed with Statistical Package for Social
Sciences version 24 [49].

Ethical Approval

Ethical approval for the study was provided by the HSRC
Research Ethics Committee in South Africa (REC6/18/05/16)
and the Nepal Health Research Council (#241/2016) in Nepal.
In addition, Duke University (Pro00074454) provided ethical
approval for dataanalysis by US-based team membersworking
with deidentified data from the sites. Participants in both sites
completed written consents forms, which were also read to
participants by research assistants because of low literacy rates
among some groups in the study regions.

Results

Process Development for Qualitative Cultural
Assessment of Passive Data Collection Technology

The QualCAPTD process was first conducted in South Africa
(see Textbox 1). The procedure followed the steps as described
in the Methods section above. During FGDs, the first part of
the discussion was about child development, child health, and
caregiver-child interaction. Then, the group watched all the
videos in sequence; after watching all videos, they received
paper forms to rate the devices on the attributes using the
anchoring vignettes, and then, they ranked the devices on all of
the attributes. After turning in the forms, the participants
discussed the devices. Theratings with anchoring vignettes and
ranking task evoked questions from participants, which
suggested that when completing the forms, there may have been
confusion about what the devices can and cannot do. Therefore,
the procedure was modified for use in Nepal.

In Nepal, thefirst part of the FGD involved asimilar discussion
about child health and development and caregiver-child
interactions. However, to increase understanding of the devices
and clarity when discussing, rating, and ranking, we modified
the procedure from the South Africa approach. Instead of
showing all videos at once followed by completion of all rating
and ranking, in Nepal, each video was shown with a break in
between for rating and discussion, then ranking was done at the
end after all videos had been shown, discussed, and rated (see
Textbox 2). The Nepal procedure for devices went as follows:
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first, show one video; second, ask the group to discuss what
was seen in the video and have open question and reflection;
and third, introduce the rating on attributes with anchoring
vignettes, the rating is completed as a group with each scoring
discussed, nothing is written down by the participants, but the
facilitator records the group consensus for device and attribute.
Then, the group proceedsto the next video and rating discussion.
After al videos have been shown, rated, and discussed, the
participants are given the picture cards of the devices and asked
to rank them according to each of the attributes. Thisis done
individually by participants, and the scores are recorded for
analysis. The next section describes the analyses of the ranking
tasksin the 2 countries.

Device Ranking

For the 88 focus group participants, ranking datawere collected
for al 7 data collection approaches (devices) across our 5
domains of inquiry (see Figure 5). In South Africa, 28 of the
38 participants data were usable for the ranking analysis, and
there were significant ranking differencesfor the utility attribute
(n=28, interrelated samples, chi-square, Friedman test, and
P<.001). In South Africa, differences were significant only at
the P<.05 level for confidentiality, safety, and noninterference.
Rank orders were not significantly different for socia
acceptability in South Africa. The device rankings were
significantly different acrossall 5 attributes for the Nepal sample

Kohrt et al

(n=50, interrelated samples, chi-square, Friedman test, and
P<.001).

Qualitative Discussion Results

Qualitative findings from the video-centered (step 2) and
anchoring vignette discussions (n=88) and interviews (n=26;
step 3) were analyzed by domain and device. Asthere may have
been confusion about the devices when ranked and rated
individually by South African participants, the qualitative group
discussions provided below may provide a better reflection of
group attitudes and preferences.

Domain 1: Confidentiality

Regarding confidentiality, in South Africa, the wearable
time-lapse camera and Bluetooth beacon were considered
confidential in the qualitative discussions. In Nepal, the
home-based environmental sensor was ranked the most
confidential, followed by the Bluetooth proximity beacon. The
home-based continuous video stream was the least confidential .
In both countries, continuous audio recording was a concern
because of capturing yelling at children and husbands yelling
at the participants. In addition, if a husband knew that hiswife
had been recorded throughout the day, he may ask to review
the audio recording. Mothers-in-law in Nepal were also
considered to be interested in hearing the recordings, then
spreading information to others in the community. Participants
used the Nepali idiom, ek kaan, dui kaan, maidan, roughly
trandlatable as “ one ear, then two ears, then everywhere”

Textbox 1. Pilot procedure for Qualitative Cultural Assessment of Passive Data collection Technology through focus group discussionsin South Africa.

Pilot procedure for Qualitative Cultural Assessment of Passive sensing Data Technology focus group discussions in South Africa:
«  Sepa. Group discussion about child health, child development, and caregiver-child interactions.
«  Sepb. Participants were shown al of the videos demonstrating the devices. No discussion was held between videos.

«  Sep c. Participants are given attribute rating forms with anchoring vignettes and device ranking; participants complete the forms independently
for al devices. Participants are required to have sufficient literacy to read the forms and write answers.

o Sepd. Participants return forms and have group discussion about devices.

Textbox 2. Refined procedure for Qualitative Cultural Assessment of Passive Data collection Technology through focus group discussionsin Nepal.

Refined procedure for Qualitative Cultural Assessment of Passive sensing Data Technology focus group discussions in Nepal.
o  Sepa. Group discussion about child health, child development, and caregiver-child interactions.

«  Sephb. Thefirst video is shown.

«  Sepc. The group has an open discussion about what was seen on the video and can ask questions about the devices.

.  Sepd. Asagroup, the participants have a facilitated discussion to rate the device on each attribute using the anchoring vignettes. The group

produces a consensus rating score for each attribute.

.  Sepe Stepsb through d are repeated for the remaining devices.

o  Sepf. Each participant is individually given a series of cards representing each device. They are asked to rank the cards for each attribute. No
literacy skills are required, and each participant produces her own ranking.
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Figure5. Card sort ranking results for attribute domains by country and device. IQR: interquartile range. South Africa (n=28); Nepal (n=50). Chi-square,
Friedman test for ranking comparisons: South Africa: confidentiality (p=0.01), safety (p=0.01), social acceptability (p=0.17), non-interference (p=0.80),
utility (p<0.001); Nepal: confidentiality (p<0.001), safety (p<0.001), social acceptability (p<0.001), non-interference (p<0.001), utility (p<0.001).

South Africa
7
6
= 5
o
% 4
2 3
§ 2
1
0

Nepal

il

7 -
6
g 5
= 4
-
£ 3
2]
o1 ﬁ I
0
Confidentiality Safety Social Non-interference Utility
acceptability

B Continuous video recorder ™ Continuous audio recorder = Episodic audio recorder

Wearable camera

Device 1: Video Recor der

Community health volunteerswere concerned that mothersand
their families would not alow the continuous video recording
in the home because the family members would be afraid that
others would disclose their confidentia information (see
Multimedia Appendix 11, qualitative code reference:
CONF_CVR_QO01). Codes in parenthesis correspond to the
qualitative reference number for the quotes provided in
MultimediaAppendix 11. Respondentsin South Africareported
that husbands may assume information will be shared with the
police (CONF_CVR_Q04). Some women felt that the
home-based video recording would actually put them in greater
danger (CONF_CVR_QO05). Others wanted the camerato only
bein the child’'sroom (CONF_CVR_Q06). A health worker in
South Africa explained that she would be like community
members in her community who would cover up the camera
and not use it (CONF_CVR_QQ07). Caregivers in Nepa were
concerned about continuous video recording catching images
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of interpersonal violence (CONF_CVR_Q02). Some caregivers
expressed that personswith bad behavior would not want others
to know about this (CONF_CVR_QO03). Some caregivers and
community health workers in Nepal explained that if families
understood that only health workers used the information, then
therewould not be confidentiaity problems (CONF_CVR_Q08).
The health workers echoed this (CONF_CVR_QQ09).

Device 2: Audio Recorder

Similar to the attitudes toward continuous video recording,
participants were concerned that continuous audio recording
would breach confidentiality (CONF_CAR_Q01, Q02, QO03).
Caregivers expressed concern that having the continuous audio
recording would incite argumentsin the home. Some caregivers
felt that the audio recording would have a negative impact over
time by reducing the amount of emotional expression and by
hearing negative things from others (CONF_CAR_QO04).
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Device 3: Wearable Camera

Caregivers and health workers described their concerns about
confidentiality when children wear the first-person time-lapse
camerathat takes photographs at preset intervals, such as every
30 seconds. With the child moving around the home and
community while wearing the time-lapse camera, there was
concern among community health workersin South Africathat
they would capture nudity, drug use, and criminal activity
(CONF_CWC_QO04). One concern was that the child would
enter a room when the parents were being intimate and record
thisin the photographs. Caregivers did point out, however, that
the child wearing a time-lapse camera would capture less
compromising information than the continuous video recording
(CONF_CWC_QO01). Similar to the continuous home video
recording, South African health workers were concerned that
the time-lapse cameraworn by the child would capture images
of domestic violence. The South African health worker also
recommended GPS coordinates as an alternative data point that
would be less of an invasion of privacy (CONF_CWC_Q02).
Similar to the recommendations of other health workers, 1
Nepali community health volunteer emphasized the need for
education of families about the child wearing the time-lapse
camera and for all of the devices in general, which would
assuage some concerns about confidentiality
(CONF_CWC_Q03).

Devices 4 and 5: Bluetooth Beacon and Environmental
Sensor

There were no confidentiality concerns about Bluetooth
proximity beacons or environmental sensors.

Domain 2: Safety

Device 1: Video Recorder

Most discussions of safety focused on fear of theft. In South
Africa, the home-based continuous stream video was considered
the least safe, and no device was clearly ranked as the safest.
Caregivers in Nepal reported that others could come into the
house and steal thevideo camera(SAFE_CVR_QO01). InNepal,
where the respondents had recently experienced a major
earthquake and were living in temporary housing, caregivers
felt that they did not have a place to store the technology
(SAFE_CVR_QO02). Therewere also concernsthat the children
could break the home video recorders (SAFE_CVR_Q03).

Device 2: Audio Recorder
There were no safety concerns.

Device 3: Wearable Camera

Therewasfear that children could break the wearable time-lapse
camerathat they would bewearing (SAFE_CWC_QO01). Asthe
child wears the device, there was fear that others may steal the
device from the children when the child is outside the home
(SAFE_CWC_Q02, Q03). Other caregivershad similar concerns
that the child would break the device or it would be stolen
(SAFE_CWC_QO04). Program staff in South African health
organi zations had concerns that children would be mugged and
the device stolen (SAFE_CWC_QO06). Similarly, in Nepal, the
wearable camera was considered the least safe because the
device could be stolen (SAFE_CWC_QQ05).
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Device 4: Bluetooth Beacon

The Bluetooth proximity beacon was considered a safety risk
because it could be stolen from the children. In the qualitative
interviews, the caregivers reported that they were afraid the
Bluetooth beacon would be stolen from their children. Another
safety concern in the qualitative interviews was that
children—especially boys—would break the devices.

Device 5: Environmental Sensor

For safety, in Nepal, the environmental sensor was considered
the safest. In subgroup comparisonsin Nepal, community health
workers rated the environmental sensor as less safe than how
the caregiversrated it. In qualitative interviews, the community
health workersreported that others may steal the environmental
sensorsto usein their own homes, whereas caregivers were not
concerned that community members would steal the
environmental sensors from one another.

Domain 3: Acceptability

Therewere no differencesfor social acceptability intheranking
task in South Africa sample, but the qualitative discussion
suggests group preferences as described below. In Nepal, the
environmental sensor and Bluetooth proximity beacon werethe
highest ranked and the home-based video the |east acceptable.
The Nepali respondents highlighted that the head of household
and mother-in-law would need to consent to the using of the
sensing devices and that they were least likely to accept the
video recording in the home. Mothers-in-law often dictate the
behavior of other women in the home, and not seeking support
from mothers-in-law risk verbal and physical violence fromthe
mothers-in-law. Respondents felt that head-of-household and
mothers-in-law would support the environmental sensor because
it would provide useful information for the household air quality,
which would impact everyone's health. Heads of household
would also find the proximity beacon acceptable because it
would not provide sensitive information about the family.

Device 1: Video Recorder

To use the devices in the home, participants in both countries
reported that permission from the husband would be needed.
In South Africa, the male head-of-household would need to
grant permission (ACPT_CVR_Q04). An experienced health
organization worker in South Africa pointed out that the most
vulnerable children, for example, those being sexually abused,
would be least likely to have the male head of household give
permission (ACPT_CVR_QO05). To make it acceptable, it was
told that the benefit would need to be explained. South African
community health workers said that preventing violence against
children would encourage families to accept the devices
(ACPT_CVR_QO06). In Nepal, permission from mothers-in-law
wasalsoimportant (ACPT_CVR_QO01, Q02). Community health
volunteers in Nepal stated that mothers-in-law who perform a
majority of the child care may not consent because they would
be criticized by the family members (ACPT_CVR_QO03).

Device 2: Audio Recorder

A South African health organization worker pointed out that
getting families to consent to using an episodic audio
recorder—or any of the devices—requires the same rapport
building and long-term relationships that are needed for any
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health research activities (ACPT_EAR_QO02). Caregivers and
health workers explained that all adult household members
would need to consent for the continuous audio recording.
Moreover, 1 health worker said that even adolescents would
need to provide permission (ACPT_CAR_QO01). Caregiversin
Nepal recommended getting permission from all adult household
members before using the episodic audio recorder
(ACPT_EAR_QO1).

Device 3: Wearable Camera

Therewerelimited concerns about being ableto obtain hushands
and mothers-in-laws' consent for using the child's time-lapse
camera in Nepal (ACPT_CWC_Q01). A community health
worker, based on her expectations of gender and power in the
community, stated that the child's father's permission would
be needed (ACPT_CWC_Q02). Community health workersin
Nepal were concerned about what would happen if the device
was brought to school (ACPT_CWC_QO03). In addition, 1
community health volunteer in Nepal was concerned that it
reflects negatively upon parents to send their children with the
time-lapse camera (ACPT_CWC_QO04). This health worker
continued to say that the child's peers would not find it
acceptable, and eventually, the child would be sociadly
ostracized (ACPT_CWC_QO05).

Device 4: Bluetooth Beacon

In both countries, there were no concerns about the permission
needed for using the beacons (ACPT_PRX_Q01, Q02).

Device 5: Environmental Sensor

Participants in both countries did not express concern about
getting husbands or mothers-in-law consent for the
environmental sensor, which they considered low risk. In Nepal,
the community health volunteers compared installing amobile
sensor in the home with conducting the polio vaccination
program. As with the polio program, consent from the mother
would be adequate to deploy the sensor (ACPT_ENV_QO01).
However, the males would be harder to convince than females,
with the women in the family morelikely to see the advantages
of the devices for their children’s health (ACPT_ENV_Q02).

Domain 4: Noninterference

No single device stood out in South Africa as not interfering,
but the qualitative discussion suggested that the continuous
stream audio recorder was the most interfering. In Nepal, the
environmental sensor was ranked highest, and the wearable
time-lapse camera and Bluetooth proximity beacon were the
most interfering. The main concern of caregivers was that the
devices would be interfering because they would be attached
to the children’s clothing. In subgroup comparisons in Nepal,
the caregivers considered the continuous audio recording as
interfering in daily activities, whereasthey did not consider the
wearable time-lapse camera or Bluetooth beacon as disruptive
as community health workers did.

Device 3: Wearable Camera

The main concern in terms of disruptiveness of the device was
related to the child's time-lapse camera, which could interfere
with the child’s activities, as noted by respondents from both
countries (INTF_CWC_Q01-Q05).
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Domain 5: Utility

In South Africa, the wearable time-lapse camera was the most
useful and the environmental sensor was the least useful. In
Nepal, the environmental sensor was ranked as the most useful
for child health and well-being. Both health workers and
caregivers were very concerned about pollution and the impact
on child health. They wanted to be able to monitor how much
exposurethe children had to pollution, given the frequency with
which their children were getting respiratory infections. The
continuous stream audio recorder was ranked the least useful.
In both countries, both caregivers and community health workers
wereinterested in observing children’slives around and outside
the home. The wearable time-lapse camera was seen as a way
to understand more about what children were doing. Parents
were interested also because they reported that grandparents
assumed the majority of child care responsibilities and they
interacted with the children primarily in the morning and
evening, so the wearable time-lapse camerawould allow them
to learn more about their children’'s lives—especially for
preverbal children. In Nepal, in subgroup comparisons, the
caregiversranked the wearabl e time-lapse cameraas more useful
than the health workers did. Another aspect of wearable
time-lapse camera utility was asateaching tool. Both caregivers
and health workersreported that having moreinformation about
their own behavior and interaction with children could help
them to improve how they care for their children. Some
commented that hearing themselves yell at children may help
them reduce the behavior. Regarding utility, both caregivers
and health workers reported that they did not see the technology
as a subgtitute for face-to-face interaction. They preferred
face-to-face interaction for getting health information and
engaging with community health workers in the home.

Device 1: Video Recorder

Caregivers described the perceived benefit of being able to
observe children’s physical activity in the home aswell as how
other adults behave toward children and if there is any abuse
occurring in the home (UTLT_CVR _01-CVRO04). A South
African health worker pointed out that the video could be proof
of abuse even when the family denies it. This is especialy
important for preventing rape and associated potential HIV
transmission (UTLT_CVR_05-06). The video was seen as a
way to check ontheir children’shealth (UTLT_CVR_07). South
African health workers al so rai sed the possibility that the video
would capture sexua abuse in the home (UTLT_CVR_Q10).
The community health workersin South Africa described how
the video could help them better educate mothers and other
caregivers about addressing child care needs while aso
maintaining other household responsibilities
(UTLT_CVR_Q11). The video could aso lead to suggestions
about sleeping arrangements for children in the household
(UTLT_CVR_Q12, Q13). Tracking sleep of school children
through the video was important for a South African health
worker (UTLT_CVR_Q14). FCHVs in Nepal reported the
advantage for their home health work in being able to observe
the daily activities (UTLT_CVR_Q08, Q09). In Nepal, the
caregivers and FCHV s also perceived home-based continuous
video as amonitoring tool to watch everyday risksthe children
might face such asfalls and playing in dirt, and they could use
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observations from the video to correct negative behaviors of
their child.

Device 2: Audio Recorder

In South Africa, community health workers reported that hearing
parent-child communication as well as harsh communication
in the household would be helpful for their work
(UTLT_CAR_QQ7). Caregivers in Nepal commented on the
benefit to audio recording above and beyond that, which is
obtained through video only (UTLT_CAR 01). Regarding
health condition, the caregivers mentioned the audio from
children with cough and cold symptoms, although it was debated
whether video or audio would be preferable for this
(UTLT_CAR_Q02, Q03). The audio recordings were also seen
as advantageous for behavioral change among caregivers and
other family members (UTLT_CAR_QO04). Some community
health workers in Nepal commented that having domestic
arguments recorded could facilitate their health promotion work
and tak about communication in the household
(UTLT_CAR_Q05, Q06). A caregiver in Nepal thought it would
be helpful for older children (UTLT_CAR_QO08, Q09). The
episodic audio recorder was perceived by health workersto help
understand the auditory environment in which the childisliving
and its potential impact on child development, learning, and
behavior (UTLT_EAR_01). The audio snippets could be used
to determine the types of interactions caregivers and children
are having (UTLT_EAR 02). Caregivers aso felt that they
could learn more to make sure that the child was getting the
appropriate exposure to positive auditory stimulation, including
language exposure for preverbal children (UTLT_EAR_QO3,
Q04). Theaudio snippets could a so be used to identify potential
abuse (UTLT_EAR_QO05).

Device 3: Wearable Camera

Community health workers preferred the child's wearable
time-lapse camera over the audio recordings because of the
information it would provide on activities (UTLT_CWC_01).
A South Africa caregiver preferred it over audio because it
would not capture private speech or yelling at the child
(UTLT_CWC_QO02). Compared with the continuous video
recorder in the home, caregivers liked the child's wearable
time-lapse camera because it provides information from
wherever the child went rather than being restricted to the home
(UTLT_CWC_QO03, Q04). Healthworkersin South Africaliked
how the child’'s wearable time-lapse camera would provide
information about the child’'s diet and nutritiona intake
(UTLT_CWC_QO08, Q09). Some caregivers perceived that the
wearable time-lapse camera would capture images of a
kidnapper if the child were abducted (UTLT_CWC_Q10). In
Nepal, caregivers felt that the utility of continuous recording
was limited because children spend time in many different
rooms. Therefore, the wearable time-lapse camera was more
beneficial (UTLT_CWC_QO05). In contrast, compared with
continuous video recorder, 1 caregiver in Nepal felt that the
child’s wearable time-lapse camerawould not capture as much
useful information as the continuous video in the home
(UTLT_CWC_QO06). Similarly, another caregiver preferred the
continuous video to the child time-lapse photography
(UTLT_CWC_QO07).
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Device 4: Bluetooth Beacon

In South Africa, a health worker appreciated the concept of
tracking mother and child time together based on the rationale
that bonding is important for child development
(UTLT_PRX_01). Similarly, caregivers in Nepal appeared to
value time together with children, especially mother and child;
therefore, something could be gained from tracking that with
the Bluetooth proximity beacon (UTLT_PRX_QO02, Q03). In
general, in both sites, the caregivers conceptualized the
Bluetooth beacon as a tracking device that would allow them
to find the child if mother and child were separated or if the
child was kidnapped (UTLT_PRX_Q04, Q05).

Device 5: Environmental Sensor

The environmental sensor was considered to have major utility
by Nepali participants, given the high rates of respiratory illness
morbidity and mortality. Caregivers reported that they could
use the information to adjust when they go outdoors and when
to wear a mask (UTLT_ENV_QO01, Q02, Q03). With major
campaigns to change cookstoves and indoor cooking, the
environmental sensor was considered useful to detect air quality
related to cooking (UTLT_ENV_QO04). Community health
workers in Nepal were interested to use this information to
educate families about air quality within different roomsin the
house (UTLT_ENV_QO05).

Discussion

Principal Findings

Process for Qualitative Cultural Assessment of Passive
Data Callection Technology

Wefound that the Qual CAPDT procedure could beimplemented
in low-resource settings where popul ations would benefit from
passive sensing data for health and devel opment interventions.
The procedure produced both quantitative and qualitative results
that could be used to select devices for piloting. Thisis helpful
to determine devices that would be culturally appropriate. The
process al so reveal s what concerns would need to be addressed
in the development and use of such devices for passive sensing
data collection. The procedure can be feasibly implemented in
communities with low literacy rates. We piloted the procedure
in South Africa but made further modifications when
implemented in Nepal to optimize feasibility for use with
illiterate caregivers and to increase the understanding about
devices for the participants when completing the ratings and
rankings.

In South Africa, upon original administration of the anchoring
vignettes, participants completed al the vignettes after watching
al the videos. In contrast, in Nepal, the anchoring vignettes
were completed after each individual video was shown. We
made this modification because in South Africa, the participants
had confusion about the devices, and by the time they watched
all videos, there was some difficulty remembering the different
features of the devices when rating them. The approach of
discussing each video immediately after presentation allowsfor
immediate recall of the features. This also alows the group to
develop areas of consideration that can be incorporated when
watching the subsequent videos. The goal of this processisfor
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persons unfamiliar with the different technologies to discuss
potential application in their local context; therefore, it was
important to give them timeto consider each deviceindividualy.
This likely facilitated a clearer group understanding of the
devices before proceeding to the ranking activity in step 4.
Moreover, the modified process used in Nepal allows for low
literacy and illiterate popul ations to participate. In the modified
procedure for Nepal, no reading or writing was required and
the card ranking task only required sorting pictures of the
devices. Going forward, we recommend the Nepal approach of
watching each video and discussing as agroup to produce more
well-formed and well-considered ratings. Thislikely contributed
to the clearer ranking outcomes observed in Nepal compared
with South Africa

Misperceptions generally improved from the South Africa to
Nepal implementation. However, there were dtill
misunderstandings, which highlights the need to do more to
clarify what devices can do and cannot do. Thisclarification is
important to get accurate ratings. In South Africa, participants
thought proximity beacons could locate kidnapped or lost
children. In both countries, participants thought home-based or
wearable cameras would allow for surveillance of sexual
predators. Participants in South Africa thought proximity
beacons could locate children if they were kidnapped, and this
may have led to higher expectations of benefit. In Nepal, the
home-based video was thought to be dsimilar to a
closed-captioned television security cameraand, therefore, may
have led to higher ratings on the utility ranking. These
perceptions would need to be addressed if such technologies
were implemented to manage expectations of participants in
health programs. This also illustrates why a method such as
QualCAPDT ishepful toilluminate potential misinterpretations.

Recommendationsfor | mplementing Qualitative Cultural
Assessment of Passive Data Collection Technology

Given the development and piloting of QualCAPDT in South
Africaand Nepal, we have the following recommendations for
using the procedure in other settings (see also Table 2):

«  Sep 1. Use qualitative interviews to assess the landscape
of current needs for beneficiaries who would later use the
technology. Thismay be health workers, parents, educators,
or others with ahome-based component of their programs.
The formative qualitative work should determine current
technology use and potentials for new devices and/or data
collection approaches with existing devices. The goa of
Step 1 is to have contextual information to better inform
device selection and data collection strategies as well as
the relevant device attributes that will need to be assessed
(eg, protecting confidentiality, minimizing interference with
other activities, and perceived benefit to end users).

«  Sep 2. Sdect the attributes that will be assessed in the
QualCAPDT process. In our study, our a priori attributes
were confidentiality, acceptability, safety,
nondisruptiveness, and perceived utility. However, wefound
that adding an attribute on health impacts during the
qualitative analysiswas helpful to split the safety construct
into issuesrelated to theft and risk of violence versusimpact
of the device on health (eg, through perceived radiation
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exposure). In future studies, the attributes should reflect
the characteristics of devices and needs of the projects.
Buenaflor et a’s 6 factors found to influence adoption
(supporting fundamental human needs, cognitive load,
social factors, physical aspects, participant demographics,
and technical expertise of the user) [22] can be helpful to
determine attributes. We caution developers that the
wording of the attributes should be easily intelligible to
beneficiariesin low-resource settings.

Sep 3: Devel op arange of candidate technol ogies and data
collection approaches to demonstrate in videos. Some
devices or data collection approaches may be excluded at
this stage based on the formative qualitative work in Step
1 and consideration of attributes from Step 2.

Sep 4: Produce brief videos to demonstrate the technol ogy.
This should be short (fewer than 5 min) so that multiple
can be shown in FGDs with sufficient time. The setting of
the videos should as closely approximate the context of end
users. We found it helpful to illustrate what the technol ogy
is and how it is used in the home, what type of data are
being collected, and how those datawill be potentially used
by health workers. On the basis of the experiencesin South
Africa and Nepal, it is also helpful to describe the
limitations of the devices, for example, a tool such as a
passive Bluetooth beacon has a limited range that would
not alow tracking achildlost away from home or abducted.
Sep 5: Develop anchoring vignettes to ask about the
attributesfor each device. These anchoring vignettes should
describe contrasting preferences for each attribute, for
example, Maya does not want the device in her home
because her family would be concerned about privacy, but
Ashathinks her family would agree to allow it. Then, ask
“Are the women in your community more like Maya or
Asha?’ and“Why?’ Itishelpful to create visuals of persons
representing the different anchors so that participants can
point to how close their community is to either of the
anchors (see Figure 3).

Sep 6: Create picture cards with the different technology
that can be used for the ranking tasks. This is helpful so
that participants do not need any literacy skillsto participate
in the card sorting.

Sep 7: Pilot the process with approximately 2 FGDs. This
is helpful if the team has not previously used structured
elicitation tasks. Thefacilitators can practice their approach
including explaining anchoring vignettes and card ranking.
In addition, the participants may raise questions about what
is demonstrated in the videos. From the questions, the
facilitators may learn what else needs to be explained in
the subsequent FGDs.

Sep 8: Conduct FGDs with the full proceedings recorded
for transcription, trandation, and subsequent qualitative
data analysis. The FGD should begin with first discussing
general issues separate from the technology but related to
the theme of the future technology use. Then, thefirst video
should be shown. This should be followed by a general
discussion of the device and data collection in the video.
After open discussion, the participants go through the
anchoring vignettes as a group for each attribute. The
facilitator records the group consensus for each attribute
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and reasons for that rating. Then, the next video is shown
and steps repeated. After all videos are shown, discussed,
and rated, the participants are given the pictoria cards of
the devices, and they go through the ranking process. The
rankings for each individual participant are documented.

«  Sep 9: Qualitatively analyze the FGDs. The qualitative
analysis should be conducted first to prevent biasintroduced
by reviewing the ranking scores. Although the a priori
attributes should be used, there should aso be an
opportunity to introduce new attributes (eg, adding “ health”
in our experience). Then, quantitative data can be analyzed
using techniques such as Wilcoxon Sign-Rank test. The
datafrom both should then be synthesized and summarized
using recommended approachesfor mixed-methodsresearch
[50,51].

«  Sep 10: Conduct supplementary interviews. Although we
conducted our supplemental interviews beforethe analysis,
it is preferable to follow qualitative and mixed-methods
research recommendations to share results with members
of the target group to collect their interpretation of the
findings [48]. This can be helpful to discuss issues and
concerns that may not have arisen in the formative work.
For example, concerns related to sexua violence against
young children was not part of the planning of our project
but arose in the FGDs and woul d need to be discussed with
stakeholders before proceeding to final selection of the
technology and data collection process.

Ultimately, thisapproach ishelpful to preparefor future passive
datacollection. It will work best when thereis adequate piloting

Kohrt et al

and incorporation of user-centered design principles. Thiswill
increase the likelihood that the passive sensing data collection
is acceptable, feasible, and beneficial to promote child health
and development and caregiver-child relations.

Device Preferences

We found that in South Africaand Nepal, there was interest in
observing the world from the child's perspective through
wearable cameras that could be placed on the children and then
have the caregivers review the photographs. In terms of utility,
caregiverswere open to using the technology to help them gain
insight into their behavior with their children and then find ways
to improve such behavior. Health workers also felt that sensing
data could help them better educate parents. As this was a
primary goa of the sensing technology, it was reassuring that
both caregivers and health workers were open to this aspect of
technology use.

In Nepal, there was a consistent concern across the ranking,
rating, and interviewsthat devices attached to the children could
be easily stolen and that by being attached to clothing, they
would interfere in daily life in some way. For safety, we had
expected that concerns about technology making children sick
in some manner or being a health risk. However, safety was
understood in terms of risk of theft. Participants in Nepal felt
that devices attached to children could easily be stolen and may
put them at risk. There were also concerns about what devices
could be stolen from the home.

Table 2. Recommended steps for Qualitative Cultural Assessment of Passive Data collection Technology.

Steps for Qualitative Cultural Assessment of Passive Data
collection Technology

Description

Step 1: conduct formative interviews

Step 2: determine criteria/attributes
Step 3: select candidate technologies
Step 4: develop videos

Conduct interviews with beneficiary population about roles, responsibilities, and current
technology use

Determine criteriafor potential technologies to be evaluated
Select arange of candidate technologies to fulfill the needs of the target population

Write scripts explai ning technol ogies and then produce videos to il lustrate what technol o-

gieswill do; also include descriptions of what the technologies will not be able to do

Step 5: develop anchoring vignettes
Step 6: develop cards for ranking tasks

Develop anchoring vignettes for each technology based on identified criteria/attributes

Develop visual illustrations of candidate technologies for ranking tasksto minimize liter-

acy skills needed to recognize the technol ogies; consider using pictures from videos that
participants will be shown

Step 7: pilot videos and refine (eg, add clarifications of
“can do” vs“cannot do”)

Pilot test videos with beneficiary representatives to determine what is perceived about
the use of technology; consider devel oping additional “can do” and “cannot do” explana-

tions to modify the videos or to be used by the FGD®facilitators, for example, proximity
beacons cannot track location of children away from the home

Step 8: conduct FGDs

Conduct FGDs showing videos, include anchoring vignettes and card ranking, and allow

for “can do” and “cannot do” discussion

Step 9: analyze qualitative data, then analyze quantitative
data

First analyze data qualitatively using apriori themes based on attributes and allow for
addition of new themes and attributes; then, quantitative analyze individual participant

ranking scores of devices for each attribute using Wilcoxon Rank or other appropriate

statistical tests

Step 10: conduct supplemental interviews

Conduct supplemental interviews to obtain feedback from stakeholders and collect their

interpretation of findings from the qualitative data and ranking statistics

3FGDs: focus group discussions.
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A major issue for consent was that the majority of household
members would need to be involved in the consenting process
to alow for use of passive data collection technologies. In
Nepal, social acceptability was predominantly dependent upon
what the head-of-household and mother-in-law would find
permissible and helpful. Most women felt that the environmental
sensor and proximity beacon would be approved by these
authority figures.

In Nepal, it was striking how much the environmental sensor
was consistently the highest ranked device across all attributes.
Both caregivers and health workers strongly desired to have
information about pollution and air quality. Aswith other cities
in South Asia and East Asia, there is increasing public health
awareness about the impact of pollution. Using a rating
procedure by residents, Kathmandu isranked asthe fifth highest
city in the world in the Pollution Index Rate, as a reference,
Delhi is 14 and Beijing is 23 [52]. In addition, children—and
adults—have high rates of respiratory infection morbidity and
mortality, with pneumonia being the leading cause of death for
children under 5 years [53]. In addition, the environmental
sensor was seen as preserving confidentiality, having alow risk
of theft, being acceptable to heads-of-household and
mothers-in-law, and not interfering with other activitiesin daily
life. This suggests that future studies that wanted to explore air
quality and child health at the household level would have high
buy-in from participants and family members. This type of
research could also support advocacy of families to politicians
about addressing environmental health.

In South Africa, health workers reported that they were already
using phones in the home, so that may help to have them
transition to more mobile technology to improve their work.
Although environmental influences on child devel opment stood
out in the Nepal findings, a concern in the South Africa study
was the goal to protect children from sexual violence. They
were interested in ways in which the sensing technology could
collect information on sexual perpetrators including relatives
and that the technology could be used to prevent perpetration
of sexual violence because community memberswould be aware
of the data collection.

Contributions of the Qualitative Cultural Assessment of
Passive Data Collection Technology Procedureto Future
Passive Sensing Data Research

The methods that we used for this study incorporate techniques
from socia sciences and cultural anthropology that are useful
for conducting mHealth studiesin similar settingsin the future.
Use of technology in health-related research and intervention
isaready anintegral part in developed countries and has been
growing in pacein devel oping countries such as Nepal [54-56].
However, adaptation and contextualization of thesetechnologies
inthese settingsitself requires arigorous process. These settings
have populations with limited or no exposure to complex
technologies, and the available infrastructures are also limited.
Explaining technol ogiesto potential beneficiariesthrough videos
instead of traditional didactic methods helps in better
understanding asthey are more likely to grasp its concept when
watching how it works. The use of anchoring vignette with a
third-person character simplifies the comparative process and
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minimizes the social desirability biases [44], that is, the
responses are external to the individual and participants are not
bound to present themselves as someone agreeable, which is
very important in some cultural settings. Asking them about
their thoughts embedded infictional characterswill lead to more
honest and rich answersin relation to future end-user behavior.
These processes will help researchers and implementers in
selecting technologies that the community understands,
acknowledges, approves, and considers useful.

During the last 5to 10 years, there has been substantial research
energy invested into the field of mHealth [6]. Immediate and
plentiful opportunity existed to leverage and embed mobile
phones into the global health system. The mHealth research
agendawas aided by the fact the mobile phoneswere ubiquitous
and easy to use and understand. For example, receiving ahealth
system—generated medication reminder via short message
service felt familiar and required no further explanation.
However, as we move beyond the phone and begin to harness
embedded sensors and invisible technologies that are not well
understood, better methods will be required to facilitate full
understanding between the researcher and the participant. The
QualCAPDT process offers 1 approach to ensuring that all
technology introduced into the home to support maternal and
child health and development is not done so at the cost of full
consent and understanding of those providing these rich yet
intrusive data. Ultimately, the QualCAPDT procedure can be
used to identify devices and passive data collection approaches
to further advance tailored messaging to caregivers and health
workers [57] for the goal of improved physical, mental, and
developmental well-being of children and their caregivers.

Limitations

One limitation is that the development of the QualCAPDT
procedure evolved over time and modifications were made both
within and between countries over time. Therefore, statistical
comparisons between rankings in South Africa and Nepal are
not appropriate. Another limitation was that we did not specify
different developmental stages of children when considering
responses. The respondents likely would have had different
qualitative responses and rankings if they considered the child
health and devel opment needs of infant versus adolescent. For
the most part, the respondents appeared to consider toddlers
and early childhood in making their responses.

Conclusions

In settings where populations have limited prior exposure to
passive data collection, methods are needed to determine what
may be acceptable and have high perceived local value. Through
the use of videos to demonstrate local implementation of
technologies and subsequent structured elicitation tasks, we
assessed norms and preferences in settings with high public
health need for child development and caregiver mental health
interventions. Future steps in our research will be using the
current findings to develop and pilot passive data collection
with children and caregivers. The future research will illuminate
how well the qualitative elicitation method captured key
community expectations and concerns. Ultimately, astructured
qualitative elicitation procedure is an important method for
selecting new research technologies.
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Abstract

Background: Low milk production is one of the main reasons for premature breastfeeding cessation. Smartphone apps have
the potential to assist mothers with promoting, interpreting, tracking, or learning about milk production. It is not known whether
breastfeeding apps contain high-quality, engaging, and diverse content and features that could be used by mothers to increase
their breastfeeding self-efficacy and answer their questions about milk production.

Objective: The overarching objective of this study was to identify and eval uate features and content within breastfeeding apps
that could be used by mothers to increase breastfeeding self-efficacy and answer their questions about milk production. The
secondary objectives were to quantify the diversity of representation of breastfeeding experiences within breastfeeding apps and
to define the type of organization that is most likely to create free apps and/or apps with high-quality, engaging, and diverse
features and content related to milk production.

Methods: Breastfeeding appswere identified in the Apple App Store. All features that assist mothers with tracking, promoting,
or interpreting milk production in the first 0-6 months postpartum were noted. Every screen containing educational information
about milk production was identified and saved for review. Images of mothers and caretakers within the selected screenshots
were assessed. Three scoresheetsinformed by Social Cognitive Theory were created to evaluate all identified features, educational
content, and images representing the breastfeeding experience.

Results: Forty-one breastfeeding apps were reviewed. Only seven apps contained both features and educational content related
tomilk production. Thirteen appsthat contained educational content related to milk production received amean combined content
and cultural diversity score of 15.3 of 78. Of the 48 photos reviewed in screenshots that contained educational content on milk
production, 87.5% (n=42) were of white women and their infants. For-profit companies and large organizations were most likely
to create free apps and apps that received high scores on the combined content and diversity or features scoreshest, respectively.

Conclusions: Features and educational content related to milk production and breastfeeding imagery within breastfeeding apps
were evaluated using three novel scoresheetsinformed by Social Cognitive Theory. Few apps contained both featuresthat promote
breastfeeding self-efficacy and high-quality, engaging, educational content with images of diverse caretakers. Thus, it is likely
that parents, especially those from minority or low-income groups, have limited options when selecting a breastfeeding app. App
developers could use the scoresheets and findingsin this review to devel op breastfeeding appsthat assist motherswith interpreting,
tracking, or learning about milk production through high-quality and engaging features, content, and imagery.

(JMIR Pediatr Parent 2019;2(1):€12364) doi:10.2196/12364

KEYWORDS

milk production; milk supply; human lactation; breastfeeding; breastfeeding app; smartphone app; Social Cognitive Theory;
breastfeeding self-efficacy
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Introduction

Breastfeeding significantly reduces maternal and infant
morbidity and mortality [1]. Despite the fact that the World
Health Organization and the American Academy of Pediatrics
recommend exclusive breastfeeding for 6 months, only 24.9%
of mothers in the United States reach the 6-month goal [2-4].
Racial and socioeconomic disparities are reflected in
breastfeeding rates: Black and low-incomewomen arelesslikely
to initiate breastfeeding in the hospital and breastfeed
exclusively for 6 months [5]. The majority of women stop
breastfeeding dueto perceived or real low milk production [6,7].

A health behavioral intervention that focuses on maternal
self-efficacy isan effective strategy for increasing breastfeeding
rates[8]. A mother’s breastfeeding self-efficacy could improve
if she had the ability to track, interpret, and learn about her milk
production [9]. Women are turning to their smartphones [10]
to seek out “emotional, informational, technical, and
consultative-type breastfeeding support,” information about
milk production [11], and visual representations of breastfeeding
skills[12]. It is not known whether features and content related
to milk production within breastfeeding apps are engaging,
diverse, and of high quality or lead to increased breastfeeding
self-efficacy [13].

The overarching objective of this study was to identify
breastfeeding smartphone apps that contain high-quality,
engaging, and diverse content and features that mothers could
useto increasetheir breastfeeding self-efficacy and answer their
guestions about milk production. The secondary objectiveswere
to quantify the diversity of representation of breastfeeding
experiences within breastfeeding apps and to define the type of
organization that is most likely to create a free app and apps
with high-quality, engaging, and diverse features and content
related to milk production.

Methods

I dentification of Breastfeeding Apps and General
Characteristics of App Developers

Between August and October 2017, breastfeeding apps were
identified in the Apple App Store using the search term
“breastfeeding.” Apps were downloaded onto an iPhone and
explored by author SSfor 10 minutesto ensure that the app fit
theinclusion criteria(Table 1). The Google Play Store was used
to confirm that an app could also be downloaded on Android
devices, however, availability on both platforms was not a
prerequisite for inclusion because the authors only had access
to iPhones. To ensure comparability with previous reviews of
breastfeeding apps, general information about the app and the
app developer was collected from the App Store, by emailing
the creators, browsing through the app developer's page on
LinkedIn, and using third-party siteslike Bizapedia (Multimedia
Appendix 1).

http://pediatrics.jmir.org/2019/1/e12364/
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Selection of Features and Content Related to Milk
Production

SS reviewed every interface of each app on three separate
occasions (average of 60 minutes per app) to ensure that all
possible features were included for review (Multimedia
Appendix 2). A feature was defined as an opportunity for user
interaction with the app (eg, a button). After identifying al the
features available in each app, SS documented features that
could assist mothers with promoting, tracking, or interpreting
milk production in the first 0-6 months postpartum. The
principal investigator, aboard-certified lactation consultant and
aphysician-scientist trainee studying milk production regulation,
trained SS to identify features that are relevant to milk
production promotion, tracking, and interpretation. A literature
search in Medline was conducted to confirm that the selected
features were relevant to milk production.

The authors devel oped a scoresheet with eight milk production
content categories using two textbooks on breastfeeding [16,17]
asguides (MultimediaAppendix 3). Theeight content categories
are listed below: (1) Hospital practices that promote
breastfeeding initiation; (2) Reasonsfor adelay in lactogenesis
I1; (3) Normal milk production timeline, volume, and
measurement; (4) Supply and demand physiology; (5) Maternal
or infant nutritional regquirements; (6) Breastfeeding techniques
that support or interfere with milk production; (7) Maternal or
infant biological, physiological, or behavioral causes of
perceived or real low-milk production between 0 and 6 months
postpartum; and (8) A description of foods, medications, or
supplementsthat have the potential to increase milk production.
AS provided training to SS on how to identify relevant content
within each of the eight categories. AS and SS independently
took screenshotswithin each app to capture educational content
related to milk production, reviewed the compiled screenshots,
scored all the content, and resolved discrepancies by referring
to two textbooks on breastfeeding [16,17].

Development of Scoresheetsto Score Featuresand
Content Related to Milk Production and I mages of
Breastfeeding Experiences

Social Cognitive Theory is the most common health behavior
theory used in self-efficacy instruments that increase
breastfeeding rates [8]. The three core components of Social
Cognitive Theory that relate to improved breastfeeding
self-efficacy are motivation, observation, and repetition. For a
new mother to learn the skill of breastfeeding, she must be
intrinsically motivated to learn, observe ideal examples of the
behavior by motherslike her, and receive positive reinforcement
from credible sources to repeatedly perform the said behavior
[8,18,19]. The authors applied these three principles in the
development of the scoring system used to evaluate features
and content related to milk production and images of the
breastfeeding experience within selected breastfeeding apps.
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Table 1. Inclusion criteriaand rationale for selection of breastfeeding apps.

Sidhu et &

Criterion Rationale

App appeared as aresult on the App Store
using the search term “breastfeeding”

App focused on breastfeeding education or
tracking an aspect of the breastfeeding ex-
perience

App had asummary rating on the App Store

“Breastfeeding” yielded >100 results, depending on the month of search. “Lactation” yielded only ~50
results, depending on the month of search.

Breastfeeding experience included nursing and pumping.

The summary rating on the App Store gives a measurement of whether the app is used by the general

public. The App Store ranks apps using an algorithm that considers amultitude of factorsrelated to user
engagement including the number of downloads, ratings, and updates; quality of ratings; user retention
rate; and conversation rate. The App Store provides a specia designation to apps ranked in the top 200
of their assigned categories. Top 200 apps are more likely to have higher user engagement in terms of
the aforementioned metrics and serve as an objective measure of an app’s popularity by consumers

[14,15].
App was available in English Authors did not have funds to

App was available for download and usein
the United States

pay for translation.

Authorsreside in the United States.

A 5-point scoresheet was devel oped to score features (Table 2)
that assist mothers with promoting, tracking, or interpreting
milk production. Features were included in the scoresheet only
if they wererelevant to tracking or interpreting milk production
between 0 and 6 months postpartum; therefore, all the features
included in the scoresheet received one point at baseline.
Featuresthat needed to be used frequently (repetition) and were
interactive (motivation) received the highest possible features
score. The assignment of pointsfor each feature was determined
independently by two raters (AS and SS).

A 72-point scoresheet was developed to evaluate educational
content across the eight milk production categories (Table 3
and Multimedia Appendix 3). Three criteriawere used to score
the educational content within each of the eight categories:
scope, quality, and engagement. The selected screenshots did
not need to contain al theinformation from acategory to receive
full credit within that category. For example, within category

Table 2. Feature scoresheet informed by Social Cognitive Theory.

1 (Hospital Practices), selected screenshots would only need to
contain a mention of the importance of skin-to-skin contact in
relation to breastfeeding initiation to receive a point within the
scope of content for that category. The quality of the content
was determined by assessing in-text citations and referenced
literature within the selected screenshots. AS downloaded and
reviewed all referenced literature to ensure it was relevant to
the content. Photos and videos are more likely than text to
increase breastfeeding self-efficacy because they are
motivational and are more likely to foster repetition and, thus,
mastery of atask [18-21]. Therefore, if a screenshot contained
educational images pertaining to the content within that
category, two additiona points were awarded. Videos were
awarded three additional points because they are morelikely to
result in mastery of tasks relative to photos [22]. Two authors
independently (SS and AS) assessed each screenshot with
information about milk production and awarded points using
the content scoresheet described in Table 3.

Measure Points possible
Repetition (frequency)
>1/week 2
=1/month but |ess than >1/week 1
<2/month 0
Motivation (interactivity)
User engagement throughout activity 2
User engagement at the beginning or end of activity 1
Minimal user engagement 0
Milk production related 1
Maximum points/feature 5
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Table 3. Content scoresheet informed by Social Cognitive Theory.

Sidhu et &

Content Scope of content?  Quality of content? Engagement with content
Videos® Images?
Hospita Practices 0/1 0/1/2/3 0/3 0/2
Delay in Lactogenesis | 0/1 0/1/2/3 0/3 0/2
Normal milk production timeline or volume 0/1 0/1/2/3 0/3 0/2
Supply and Demand Physiology 0/1 0/1/2/3 0/3 0/2
Nutritional Requirements 0/1 0/1/2/3 0/3 0/2
Breastfeeding Technique 0/1 0/1/2/3 0/3 0/2
Biology or behavior 0/1 0/1/2/3 0/3 0/2
Foods or medications or supplements 0/1 0/1/2/3 0/3 0/2
Maximum total points possible within each evaluation criterion 8 24 24 16

4 sthis content presented? (0=No relevant content, 1=Relevant content present).

bare in-text, relevant citations included? (3 points/category) OR Is there a list of relevant references at bottom of screen or within the app? (2
points/category) OR Isthe author isan “ expert” (eg. MD, IBCLC, or PhD)? (1 point/category) OR Thereisno way to evaluate the quality of the content?

(0 points/category).

CAre there videos that assist the user in understanding the educational content? (O=No relevant videos, 3=Videos that assist the user in understanding

the educational content are present).

dAre there images that assist the user in understanding the educational content? (0=No relevant images, 2=Images that assist the user in understanding

the educational content are present).

Table 4. Diversity scoresheet informed by Social Cognitive Theory.

Diversity of representation of the breastfeeding experience

Additional points/app

=7 photos (3 points) OR 4-6 photos (2 points) OR 1-3 photos (1 point) of the breastfeeding dyad or caretakersin all

the identified screenshots

Of all of the identified photos: =3 photos are of nonwhite or nontraditional caretakers? (3 points) OR =2 photos are of

3/2/11

3/2/11

nonwhite or nontraditional caretakers (2 points) OR 1 photo is of a nonwhite or nontraditional caretaker (1 point)

M aximum points possi ble/app

6

For the purposes of this evaluation, a nontraditional caretaker was defined by the authors as an individual who is not the mother (eg, grandmother,

father, same sex partner, nanny, etc).

A scoresheet (Table 4) was developed to calculate the total
additional pointsthat an app could receivefor including diverse
representations of the breastfeeding experience within the
selected screenshots containing educational content about milk
production. If the selected screenshots contained images of
breastfeeding dyads and nontraditional caretakers, additional
points were awarded because the observation of successful
breastfeeding experiences can increase breastfeeding
self-efficacy [8,18-20,23-25]. To calculate the final score for
educational content, we combined the scores from the content
and diversity scoresheets (72+6=78 possible points), as the
images selected for review of “diversity” wereidentified solely
within screenshots with content related to milk production.
Thus, the measure of diversity is within those screenshots and
is not generalizable to the entire app.

Statistical Analysis

All data were analyzed using descriptive statistics. To test
whether there was a difference between the mean features or
combined content and diversity scores, apps were stratified by
their rank (ranked vs unranked), platform availability (i0S
exclusive vs available on iOS and Android), category (medical

http://pediatrics.jmir.org/2019/1/e12364/
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apps vs all others including education, productivity, lifestyle,
and health and fitness), and price (free vs not freg). The
organizations that created the apps were also stratified by the
size of their business (large organizations with >10 employees
vs small organizations) and registration status (for-profit
organizationsvsall othersincluding governmental organizations,
nonprofits, and individuals). The Wilcoxon rank sum test was
used to test the difference between two groups. The Spearman
correlation was performed to test the relationship between
organization type and size; app characteristics; and the features,
content, and combined diversity and content scores. Interrater
reliability for the combined content and diversity score was
caculated as percent agreement between two raters—a
breastfeeding expert (AS) and a novice (SS). Significance was
set at an apha of 5%. Data are presented as mean (SEM).

Results

Selection of Breastfeeding Apps

Between August and October 2017, 105 apps were identified
on the App Store by using the search team “breastfeeding”
(Multimedia Appendix 4). Thirty-four apps were not
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downloaded because they did not have enough ratings to
generate a summary rating (n=32) or because they were not
avalable in the United States (n=2). SS downloaded and
performed an initial screening of the remaining 71 apps by
interacting with each app from an end user’'s perspective to
confirm that the inclusion criteria were satisfied (Table 1).
Eighteen apps were excluded from further assessment because
they were not available in English (n=2); were free trials that
only alowed the user to use the app for a certain amount of
time or number of uses or restricted certain features (n=9); or
had technical errorsthat interfered with the app’sfunctionality,
rendering it impossible to use (n=7). Between November 2017
and August 2018, SS reviewed 53 apps that fit the inclusion
criteria on three separate occasions to identify features and
content relevant to milk production. In 2018, six apps were
excluded from the review because they no longer existed (n=4)
or were no longer available in the United States (n=2). Of the
remaining 47 apps, six apps were removed from the dataset
because they did not have educational content related to milk
production (Multimedia Appendix 5). Thus, the final dataset
contained 41 breastfeeding apps (N=41).

General Characteristics of Breastfeeding Apps

Of the 41 breastfeeding apps (Multimedia Appendices 6 and 7)
in the final dataset, 85.4% (n=35) had features that mothers
could useto track or interpret milk production and 31.7% (n=13)
had educational content related to milk production. Of the 13
apps with educational content related to milk production, only
six apps contained features that could be used to track or
interpret milk production. Twenty-nine apps (70.7%) contained
features related to milk production, but no educational content
related to milk production. Most of the apps (n=30, 73.2%) were
free to download and use. Approximately half of the apps
reviewed (n=21, 51.2%) were only available on the iOS
platform. The mgjority of the apps (n=28, 68.3%) were created
by for-profit organizations. Over half of the apps (n=25, 60.9%)
were created by organizations with fewer than 10 employees.
Thevast majority of theappsin our final dataset (=30, 73.2%)
were not ranked in the top 200 in the App Store in their
respective category.

Features That Assist Mothers With Promoting,
Tracking, or Interpreting Milk Production

Eighteen unique features related to promoting, tracking, or
interpreting milk production were identified within 35
breastfeeding apps (Table 5). All 35 apps had a breastfeeding
timer, 31 apps had a bottle-feeding timer, and 30 apps had a
diaper-changetracker. Theleast common featureswere trackers
for allergy (n=2), teeth (n=3), and baby’ sounds (n=3). A baby
sound recorder and photos of the baby received the highest
features score possible of 5. The teeth-tracking feature received
thelowest features score because, whileteeth can interferewith
breastfeeding, it is unlikely that many teeth will appear before
the newbornis6 monthsold; therefore, the tracking teeth feature
would not be used frequently. Moreover, entering the date that
a tooth first appeared on would not be as engaging as other
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activities related to tracking, interpreting, or promoting milk
production, such as taking or looking at a photo of a baby.

Characteristics of Apps Containing Features That
Assist Mothers With Promoting, Tracking or
Interpreting Milk Production

A total of 35 apps contained features that assist mothers with
promoting, tracking, or interpreting milk production; these apps
received an average features score of 27.3 (SD 11.3; range 4-47
of 51 possible points) when evaluated with the features
scoresheet described in Table 5. Among apps that contained
featuresrelated to milk production, those ranked in the top 200
in their respective category in the App Store (Figure 1) scored
significantly higher (P=.0096) than apps that were unranked.
Apps developed for both iOS and Android (Figure 1) received
asignificantly higher features score (P=.04) than apps developed
just for iOS. Therewas no difference (P=.55) between the mean
features scores of apps that were free and not free or the mean
scores of apps (P=.55) created by small versus large
organizations (Figure 1). Apps created by large organizations
(>10 employees) were more likely to be on both iOS and
Android platforms (r=0.69, P<.001). For-profit companieswere
more likely to create apps on both iOS and Android platforms
(r=0.41, P=.02). Appsthat had to be purchased (“ not free apps’)
were more likely to be ranked in the top 200 in their respective
category in the App Store (r=0.43, P=.01). There was no
correlation between the price of the app and the size of the
organization, the organization type, or platform. Additionally,
we did not find a significant positive or negative correlation
between the size of the organization and its status as afor-profit
organization.

Content Related to Milk Production and Diverse
Representationsof Breastfeeding Within Breastfeeding
Apps

Educational content related to milk production (Multimedia
Appendix 3) was identified in 13 apps. Seven of these 13 apps
also contained featuresthat could assist motherswith promoting,
tracking, or interpreting milk production. Since the diversity
scoresheet could only be applied to screenshots that contained
educational content about milk production, the scores from the
content and diversity scoresheetswere combined for all analyses.
The average combined content and diversity score for al 13
education appswas 15.3 (SD 8.8). To the best of our knowledge,
these apps were not created by infant formula companies. The
Healthcare Provider’'s Guide to Breastfeeding app received the
highest combined content and diversity score (32/78), whilethe
Breastfeeding Management 2 app received the lowest combined
content and diversity score (4/78). The app with the highest
quality of content was the Health Care Provider's Guide to
Breastfeeding, with 79.2% of all the content reviewed containing
in-text citations or reference lists to relevant peer-reviewed
literature. The apps with the lowest quality of content were
Breastfeeding Central and Breastfeeding Management 2; the
content reviewed in these apps did not have any references
(Figure 2).
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Table5. Scores of 18 features related to milk production.

Sidhu et &

Unique feature (N=18) Rationale Score

Baby sound recorder [16,26] Related to milk production (1 point) AND user engagement throughout activity (2 points) 5
AND used =1 times/ week (2 points)

Photos (of baby) [16,26] Related to milk production (1 point) AND user engagement throughout activity (2 points) 5
AND used =1 times/ week (2 points)

Bottle-feeding timer [16,17] Related to milk production (1 point) AND user engagement at beginning or end of activ- 4
ity (1 point) AND used =1 times/ week (2 points)

Breastfeeding timer [16,17] Related to milk production (1 point) AND user engagement at beginning or end of activ- 4
ity (1 point) AND used =1 times/ week (2 points)

Breast-pumping timer [16,17] Related to milk production (1 point) AND user engagement at beginning or end of activ- 4
ity (1 point) AND used =1 times/ week (2 points)

Diaper-change tracker [16,17] Related to milk production (1 point) AND user engagement at beginning or end of activ- 4
ity (1 point) AND used =1 times/ week (2 points)

Sleep pattern [16,17] Related to milk production (1 point) AND user engagement at beginning or end of activ- 4
ity (1 point) AND used >1 times/ week (2 points)

To-do list or reminders [27] Related to milk production (1 point) AND user engagement at beginning or end of activ- 4
ity (1 point) AND used =1 times/ week (2 points)

Baby’s mood [28] Related to milk production (1 point) AND user engagement at beginning or end of activ- 3
ity (1 point) AND used =1 times/ month (1 point)

Allergy [29] Related to milk production (1 point) AND either user engagement at beginningor end 2
of activity (1 point) OR used =1 times/ month (1 point)

Doctor visits [30] Related to milk production (1 point) AND either user engagement at beginningor end 2
of activity (1 point) OR used =1 times/ month (1 point)

Growth [31] Related to milk production (1 point) AND either user engagement at beginningor end 2
of activity (1 point) OR used =1 times/ month (1 point)

Milestones [32] Related to milk production (1 point) AND either user engagement at beginningor end 2
of activity (1 point) OR used 21 times/ month (1 point)

I1Iness or temperature [33] Related to milk production (1 point) AND either user engagement at beginningor end 2
of activity (1 point) OR used =1 times/ month (1 point)

Baby’s medication tracker [34] Related to milk production (1 point) AND minimal to no user engagement (O points) 1
AND used <2 times/month (0 points)

Teeth [34-36] Related to milk production (1 point) AND minimal to no user engagement (O points) 1

AND used <2 times/month (0 points)

Record weight/height/date of birth[16,17] Related to milk production (1 point) AND minimal to no user engagement (O points) 1
AND used <2 times/month (0 points)

Record singleton/multiples birth [16,17] Related to milk production (1 point) AND minimal to no user engagement (O points) 1

AND used <2 times/month (0 points)
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Figure 1. Differences in mean feature scores, stratified by type of app, category (eg, medical or health and fitness), and organization. iOS: iPhone
operating system; Org: organization. Asterisk indicates P=.04; double asterisk indicates P=.0096.
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Combined Content & Diversity Score

A total of 48 photos of the breastfeeding dyad were identified majority of disagreements between the authors was on scoring
within the screenshots containing educational content related  within the diversity scoresheet. Although diversity represented
to milk production. Of these, 87.5% (n=42) were of white 8% of the combined content and diversity score, it represented
women and infants. Only 12.5% (n=6) of the photos were of over 20% of the disagreements between AS and SS. The
nonwhite women (n=5) or of a nontraditional caretaker—the discrepancieswere due to disagreements about what aspects of
father (n=1). diversity should be quantified (gender, race/ethnicity, and

The interrater percent agreement between AS and SS on pumping vs direct feeding).

combined content and diversity scoring was 90.23%. The
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Figure 3. Differencesin mean combined content and diversity scores, stratified by app type, category, and organization. iOS: iPhone operating system;

Org: organization.
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Characteristics of Apps Containing Educational
Content About Milk Production

Among the apps that contained educational content about milk
production, there were no differences (Figure 3) in the mean
combined content and diversity scores between the apps that
were free and not free (P=.61), created by for-profit companies
and any other organizations (P=.77), developed by a small
organization and alarge organization (P=.61), or between apps
ranked in the top 200 and unranked apps (P=.88). Large
organizations (>10 empl oyees) were much more likely to create
free apps (r=1.0, P<.001). There was no correlation between
the organization type and business size, platform, or price of

the app.

Discussion

Principal Findings

In this novel breastfeeding app review, we identified and
evaluated features and educational content related to milk
production and quantified the diversity of images of
breastfeeding experienceswithin selected screenshots. Although
Social Cognitive Theory has been widely used to develop and
implement successful health and breastfeeding interventions,
to our knowledge, we are the first to use Social Cognitive
Theory to inform our eval uation of features, content, and images
within smartphone apps [8]. We identified a dearth of
high-quality textual and multimediaeducational content related

http://pediatrics.jmir.org/2019/1/e12364/

to milk production within selected screenshots of breastfeeding
apps. Although previous breastfeeding app reviews did not
specifically focus on content related to milk production, Taki
et al used criteria centered around quality, comprehensibility,
suitability, and readability to conclude that educational
information within infant-feeding apps was not evidence-based
[37]. Using these criteria, they found that 78% of infant-feeding
apps (36/46) received a“low-quality” rating because the content
was not credible or comprehensive [36]. The average combined
content and diversity score among the 13 breastfeeding apps
reviewed in our study was 15.3 of 78 points; thus, our findings
of low-quality educational content within breastfeeding apps
arein agreement with the conclusions of Taki et al about content
in infant-feeding apps.

A review of milk supply or milk production educational
materialsin digital or print media or resources has never been
performed. Our results indicate that there is ample room for
improvement in the development and delivery of educational
content related to milk production within breastfeeding apps.
The majority of breastfeeding apps in our review did not
reference peer-reviewed scholarly literature. For example, in
the Pregnancy and Parenting app, an app by Lamaze
International, the user was referred to awebsite that referenced
“The Official Lamaze Guide: Giving Birth with Confidence”
Although most breastfeeding apps broadly covered content
within all eight categories, the information provided was
superficial and poorly cited. There was a surprising lack of
images or videos to help describe educational content related
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to milk production. As multimedia can be helpful in explaining
difficult concepts, like supply-demand physiology or
breastfeeding techniques[20,21], we hope that thisreview will
stimulate developers to incorporate engaging breastfeeding
educational content into apps.

The features, content, and general characteristics identified in
this review can help consumers make informed breastfeeding
app purchases by outlining features related to promoting,
tracking, interpreting, or teaching about milk production. The
top three features (breastfeeding timer, bottle feeding timer, and
diaper changes) were included in 85.7% of all reviewed apps.
However, only seven apps contained both features and
educational content related to milk production. Among these
seven apps, four were created by breast pump companies.
Without high-quality educational content about milk production
within apps containing features that allow for milk production
tracking, mothers may interpret the dataincorrectly and assume
that they are not producing enough milk [6,7,9]. Thus,
breastfeeding app creators could use the scoresheets and key
findings within this review to develop apps that integrate
featuresto promote breastfeeding sel f-efficacy with high-quality
educational content related to milk production.

Inlinewith the work of Schindler-Ruwisch et al, we found that
for-profit companies and large businesses are more likely to
create free breastfeeding apps [38]. Schindler-Ruwisch et al
completed acontent analysis of 53 breastfeeding appsin which
they established that the majority of breastfeeding apps were
free and developed by for-profit organizations[38]. Their review
was limited in scope because the apps were not downloaded
and explored; thus, features and educational content were not
comprehensively assessed. Moreover, Schindler-Ruwisch et al
did not investigate whether for-profit companies developed
breastfeeding apps containing features that can assist with
tracking milk production or high-quality educational content
that aligns with a health behavior theoretical framework [38].

We found that large businesses were more likely to create apps
that received a high combined content and diversity score and
for-profit companies were more likely to create apps that
received a high score on the features scoresheet. Likely dueto
the small sample size of our dataset, a large business (>10
employees) was not associated with for-profit status. Only one
app (Similac; Abbot, IL) in our dataset was created by an infant
formula company. Although Similac's features were evaluated,
none of its content was related to milk production. Therefore,
it was not included in our educational content review.

To our knowledge, we are the first to report a dearth of
breastfeeding imagery diversity within smartphone apps. The
lack of diversity inthe portrayal of the breastfeeding experience
has been reported within print and online media, television, and
film [23-25]. Foss found that in televison and film,
breastfeeding was depicted in a positive light; however, the
majority of the breastfeeding characters were educated, older
Caucasian women [23]. In British newspapers and television
programs, breastfeeding was associated with upper-class and
celebrity parents, while formula feeding was a normal, not
embarrassing or problematic, infant-feeding alternative [39].
The diversity scoresheet developed for thisreview is similar to
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the method that Frerichs et a used for scoring breastfeeding
images within popular magazines in the United States [25].
Frerichset al awarded pointstoimagesif they contained pictures
of aparent or parentswith ababy, whether breastfeeding, bottle
feeding, or not feeding [25]. Additionally, they awarded points
toimages of different races (white, African American, or other).
The majority of the people pictured in the imagesidentified by
Frerichs et al within popular magazines were white (77.8%),
with African Americans in 20.8% of the photos [25]. Frerichs
et al concluded that this heterogeneity was representative of the
US population, which was only 12.3% African American in
2000 [25]. Of the 241 images reviewed by Frerichs et al, the
majority (n=197, 81.4%) were of the mother and her infant and
19% (n=46) were of fathers only [25]. In line with the
conclusions of Foss and Frerichs et a, we speculate that it is
unlikely that low-income women, minority women, and
nontraditional caretakers (grandmothers, fathers, adoptive
mothers, etc) would feel empowered to meet their infant-feeding
goals using the breastfeeding apps in our review.

Limitations

The most significant limitation of our approach is the small
sample size dueto the narrow inclusion criteriaand the inability
to evaluate Android-exclusive apps. There was significant bias
in the data-extraction process, as only one author (SS) identified
features related to milk production. Some apps included in the
review were based on afreemium business model, meaning that
some sections and features of the app were available for free,
while other features required a payment to be unlocked. All
analyses in this review included features available only in the
freemium version; thus, these apps were analyzed within the
“free” category. It is unknown how the features and combined
content and diversity scores of these apps would have changed
if the premium featureswere unlocked and explored. Appswere
divided into two categories. those created by for-profit
companies and those created by all other organizations,
including nonprofits, individuals, and government. Businesses
whose employee information could not be found were assumed
to have fewer than 10 employees and stratified into that group
for analysis. Thus, our comparisons of different groups may not
accurately represent the apps and app developers within that
group.

The features, content, and diversity scoresheets were not
validated in this study; thus, additional studies will be needed
to validate our approach for feature and content evaluation
related to milk production within breastfeeding apps. By design,
the content scoresheet focused exclusively on assessing the
leading cause of breastfeeding cessation—perceived or real low
milk production. Thus, it ispossiblethat appswith high-quality
content on a different breastfeeding topic were misrepresented
as“low quality” dueto our targeted content eval uation. Another
important limitation of the content scoresheet liesin itsinability
to encompass how comprehensively or correctly acertain topic
was covered. For example, some apps provided dozens of
examples of biologic causes of low milk production, while
others only mentioned one. In both cases, these apps would
receive a point for addressing content within the “Biology or
Behavior” category. Incorrect or outdated information was
frequently found in apps; however, thiswas not counted against
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the developer, as the content scoresheet did not contain a
guantitative way of measuring incidence of faulty information
provision. The qualifications of the content creators within the
apps were not further investigated by the authors. For example,
a point was awarded within a category if the author had an
advanced degree; however, we did not examine whether that
individual’s advanced degree wasin afield relevant to the topic
about which they were writing. The authors used percent
agreement as the measurement of interrater reliability, which
does not take into consideration chance agreement.

Finally, a substantial limitation of our approach is that none of
scoresheets (features, content, and diversity) incorporated a
method of evaluating user interface, user experience, or app
design. At times, poor design obstructed our ability to efficiently
evaluate content or assess features. We recommend that app
developers conduct sufficient user testing to ensure easy
identification of features and content, progress from one screen
to the next in a logical manner, and minimalistic and simple
design to reduce clutter on each screen.

Sidhu et &

Conclusions

To our knowledge, we are the first to identify and evaluate,
using scoresheets informed by Social Cognitive Theory, the
features and content related to milk production in 41
breastfeeding apps. We identified a dearth of high-quality,
engaging, educational content related to milk production. The
majority of the breastfeeding imagery within the screenshots
containing educational content about milk production depicted
white women; thus, it is likely that parents, especially those
from minority or low-income groups, have limited options to
choose from when selecting an app to reach their breastfeeding
goals. For-profit companies and large organizations were most
likely to create free apps that received high scores on the
combined content and diversity or features scoresheet,
respectively. Thefindingsin thisreview will be useful for health
care providers and parents when recommending or selecting
breastfeeding apps, respectively, and for app creators when
developing content and features to increase breastfeeding
self-efficacy.
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Abstract

Background: Adolescents use social mediafor information on medical and social aspects of maturation.

Objective: The aim of this study was to investigate the concerns and information needs of adolescents regarding menarche and
first sexua intercourse.

Methods: Questions about menarche or first sexual intercourse were obtained from Yahoo Answers, acommunity-based social
media question-and-answer website. A total of 1226 questions were analyzed. We focused on 123 question pairs made by users
who asked questions on both topics and reported their ages at each. Quantitative and qualitative analyses were performed on these
guestion pairs.

Results: Quadlitative analysisidentified uncertainty as a significant theme for both menarche and first intercourse. Quantitative
analysis showed that uncertainty was expressed in 26% (13/50) of menarche questions and 14% (7/50) of intercourse questions.
Lack of communication was expressed in 4% (2/50) of menarche questions, compared with 8% (4/50) of intercourse questions.
Agesat menarche and at first sexual intercourse were correl ated, with women reporting menarche at the age of 13 yearsor younger
being 2.6 times more likely to experience first sexual intercourse before the age of 16 years (P<.001, chi-sgquare test). Older age
at menarche was associated with greater lack of communication with parents (analysis of variance, P=.002).

Conclusions: The questions of adolescents on the topics of menarche and first sexual intercourse express anxiety and uncertainty
and are associated with a lack of information and deficient communication with parents. The more normative and expected a
behavior, the less these factors appear. Therefore, parents and educators should, to the extent possible, improve communication
around these topics, especially when they occur at less typical ages.

(IMIR Pediatr Parent 2019;2(1):€13158) doi:10.2196/13158
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: now comprise over a quarter of the globa population.
Introduction Adolescents have been a neglected age group in health care
Background owing to various socioeconomic, political, and cultural factors

, , . . that may deprive this age group of information, services, and
Today's generation of adolescents is the largest in human  poqth  care professionals who are age-appropriate,
history. With a population of 1.8 billion, 10- to 24-year-olds

http://pediatrics.jmir.org/2019/1/e13158/ JMIR Pediatr Parent 2019 | vol. 2 | iss. 1 |e13158 | p.143
(page number not for citation purposes)

RenderX


mailto:eladyt@yahoo.com
http://dx.doi.org/10.2196/13158
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PEDIATRICS AND PARENTING

gender-appropriate, nonjudgmental, and supportive [1].
Adolescents’ search for care may berestricted owingto barriers
such asfear, embarrassment, lack of knowledge, misinformation
and myths, stigma, and shame[1]. As confidentiality regarding
sexual and reproductive health (SRH) issuesisamajor concern
to adolescents, they often turn to the internet for answers to
their health-related questions [2]. Access to SRH information
is vital as adolescents are significantly at risk for premature
parenthood, seriousinjury and infections, mental disorders, and
substance abuse [3]. According to Morris and Rushwan [1],
“young people are reaching puberty earlier, often engaging in
sexual activity at ayounger age, and marrying later.” Asaresult,
adolescents are sexually mature preceding marriage for alonger
time than ever before, lending to the pivotal importance of
adolescent SRH.

During adolescence, the adult self begins to emerge and one’s
self-identity is born [4]. The physical, emotional, and
psychosocial changes occurring at this stage prompt numerous
SRH questions[2]. At thistime, achild beginsmaking decisions
independently of the parents and beginsto build the foundation
for future health and well-being. These decisions regarding
sexual attitudes, values, and risk-related behaviors can be
influenced by parental modeling of honest, transparent
communication and conveyance of sexua information.
However, sexual communication between the parent and
adolescent often does not take place and barriers such as
judgment, misinformation, and low self-efficacy [5] arise. The
aim of this study was to explore concerns of adolescents
surrounding SRH as it relates to menarche, first sexual
intercourse, and psychosocial environmental influence.

Conceptual Framework for Adolescent Health

Theonset of puberty haslong been accepted asthe starting point
of adolescence [6]. Key social role transitions such as
completion of education, commencement of employment,
marriage, and child rearing have historically signaled the
completion of adolescence and entry into adult life [6].
Improvementsin childhood hygiene, nutrition, and health have
resulted in downward trendsin the age of onset of puberty. This
trend has essentially ceased in the majority of high-income
countries where the main age of menarche (used as a proxy
marker for pubertal development) haslargely stabilized at about
12 to 13 years[6]. At the same time, there has been adramatic
increasein the age at which adult social rolesand responsibilities
are being adopted. In most countries at present, adolescents are
spending longer times obtaining an education and are marrying
and having children later [7].

In this study, the intersection of biology and social context in
adolescent SRH is examined as it influences health-related
behaviors and health outcomes. An example of ahealth-related
behavior is engagement in unsafe sexual activity. Adolescents
make up aquarter of the sexually active population in the United
States and acquire half of all sexually transmitted infections[5].
Adolescents are also at risk for unintentional pregnancy. These
health behaviors have significant consequences for adol escent
health, their future life determinants, and a long-term impact
on their families and communities [5].

http://pediatricsmir.org/2019/1/e13158/
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Methods

Data and Data Collection

We extracted, using a crawler, a sample of question pairs from
Yahoo Answers [8], a community-based socia media
guestion-and-answer website, such that each pair was made by
the same user (abeit at different times). We required that 1
guestion inthe pair contained the wordsfirst period and aphrase
that could indicate an age (ie, “I'm XX,” “XX year,” or “XX
year old,” where XX are numbers between 0 and 30), and the
second question in the pair contained the word sex and phrases
that would indicate first intercourse (ie, lose or lost within 10
characters of theword virgin, virginity, boyfriend, or first time).

The extracted questions were independently labeled by 2 of the
authors such that 100 questions were labeled by both, and the
remaining questions by one of the authors. Each question was
labeled as to whether the first question in a pair was related to
menarche and separately whether the second question was
related to first intercourse. In addition, for those questions
labeled in the affirmative, the labelers extracted the age of
menarche or first intercourse, if the asker provided it in the
guestion. Agreement among the raters was estimated for the
100 questions labeled by both using Cohen kappa statistic [9].

After filtering, the questions were paired according to the
anonymized user identifier provided by Yahoo Answers.

These data are particularly reliable because previous studies
[10,11] showed that anonymity provides for honesty when
matters of health are at stake. Many rdiability studies have
demonstrated that such data are particularly reliable because
the subject wants credible information and advice about their
problems and concerns [12].

This study was approved by the Ingtitutional Review Board of
the Technion.

Analysis

A narrative approach was used to analyze the dataset to
determine the distrust adolescent females have regarding
parent-adolescent communication about menarche and first
sexua intercourse. We subjected the content of all the questions
and comments of each subject to a QSR NVivo analysis [13]
to identify recurring themes within the dataset. Specifically,
transcripts of the questions were coded to identify consistent
repetition of relevant words, phrases, sentences, and sections.
On the basis of this coding of the transcripts, categories were
created and sorted into themes. Categories were then labeled
on the basis of the connections between the codes that made
them up.

The data were then subjected to quantitative analysis on the
variables of menarche and first intercourse.

Results

Data

A total of 1226 questions were analyzed. Of those, 270 were
judged to discuss menarche and 147 were judged to discussfirst
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intercourse. A subset of 123 users asked questions in both the
menarche and first intercourse sets and reported ages therein.

Cohen kappa agreement among raters for whether the first
posting was menarche-related was 0.72 (P<.001). The agreement
for whether the second posting was about first intercourse was
0.87 (P<.001). These values are considered very high.

Qualitative Analysis
Figure 1 shows the most popular words in menarche and,
separately, first intercourse questions. In the qualitative analysis,

Hodgson et &

we identified 1 significant theme from the participants
narratives asit relates to menarche and first sexual intercourse:
uncertainty. This theme is supported by the following
subthemes: lack of accurate information about their own growth
and development and alack of communication with family and
peers. The results led to insights for fostering a transparent,
honest climate for sexual communication.

Figure 1. The most popular words for menarche (top) and first intercourse (bottom). All words that appeared 10 or more times, excluding stopwords,

are shown.
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Uncertainty

Thistheme is based on the presence of anxiety, worry, and fear
about becoming fully developed, a full-fledged adult, and a
woman. These changes during adolescence create confusion
about what is normal as it relates to menarche and first sexual
intercourse. The following are examples of questions asked on
the  community-based  question-and-answer  website
demonstrating the theme of uncertainty used in our dataset:

1. “I’'m going to a deepover tonight but I'm on my period.
I’m 13. | don’'t know what to do because | don’t want people
to find out. Help!!”

2. “I'm 13 yearsold and 10 months and my period came from
10 months and until now | don't have any period. I'm a
virgin. I'll be going to the GYNO and I'm little bit scared
but will the doctor examine me? If yes, what should | do,
like shave, wipe the discharge? Please help me. Take your
time answering, I'm scared.”

3. “Oksol’'m13and]I realy want to have sex, is 13 ok?1'm
really confused. Can you help me? | am scared and
confused. | know I’'m young, but I'm like obsessed with it.
Can you help me?’

Lack of Information and Lack of Communication

In the narratives, thereis alack of clarity about the experience
of menstruation and sexual desire/activity and a lack of
communication for support and knowledge from parents and
peers, which in turn creates myths and misconceptions. The
following are examples of questions asked on the
community-based question-and-answer website demonstrating
the subtheme of lack of information and lack of communication
used in our dataset:

1 “Okay I live with my dad, and like NEVER see my mom,
or my grandparents or my aunt, and | don’t really feel
comfortable telling my dad or either my grandparents are
worse! | don’t feel comfortable confronting my dad faceto

Hodgson et al

face, and emailing him or writing anoteto him, seemskind
of stupid (no defense), but how do | tell my dad | started
my period? Next month will be my 4th period, please help.
Like 3 years ago (btw I’'m 14 now) he got my aunt to buy
me some pads and talk to me about it. Please give me hints
and/ or tips on how to tell him or even your own personal
stories! Also I'm really shy so | don't feel comfortable
talking to any friendsmomsabout it! BUT PLEASE HELP
ME!"

to do. | told my mom, but she said |t s kind of early for
me... I'm the only onein my class, who has started and how
am | supposed to hide it? | just take it..Help!!! | need
somebody, | feel really alone. | know if | tell one of my 3
sisters they are going to tease me and say awwwww you
are growing up. | just have no ideawhat to do!!! OMG!”

3. “I’m 18 and my mom made me an appointment for the gyno
because | have irregular periods...at the time she madeit |
had never had sex before...last night wasmy first time...she
filled out the sheet and everything saying no I’'m not
sexualy active and al that...I’m not telling her that | had
sex last night. | do not plan on having sex again anytime
soon considering it was a big mistake last night. Since it
was my first time and I’'m not going to be doing it al the
time. Now do | haveto tell the gyno | have had sex? If so,
should | just leave the sheet checked no and then tell them
| filled that out before it happened?’

Quantitative Analysis

A total of 270 women reported their age in their menarche
guestion, and 147 women reported their age in their first
intercourse question. Thedistribution of agesisshownin Figure
2. The agreement between the cumulative distribution of
reported age of menarche and the distribution reported in the
literature [14] is 0.94 (P<.001). The agreement for first
intercourse (compared with astudy by Martinez and Abma[15])
is0.95 (P=.01).

Figure 2. Distribution of age at menarche and age at first intercourse as reported in the questions.
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Figure 3. Correlation between the age of menarche and the age of first intercourse (n=123). The dotted line shows a fit of a second-order polynomial
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Figure 3 shows the correlation between the reported age of
menarche and the age at first intercourse. As the figure shows,
there was no association between the 2 ages for women whose
age at menarche was 12 years or lower. However, when the age
at menarche was higher, so was the age at first intercourse.
Specifically, we found that women reporting menarche at the
age of 13 years or younger were 2.6 times more likely to
experience first sexual intercourse before the age of 16 years
(P<.001, chi-square test). This finding is compared with
literature that identifies adolescent females experiencing early
menarche as twice as likely to have had intercourse by the age
of 16 years than adolescent females with late menarche [16].

Following the themes identified in the qualitative research, we
coded 50 question pairs for uncertainty about future effects,
lack of information, and lack of communication with parents.
Strikingly, 86% (43/50) of menarche questions and 44% (22/50)
of first intercourse questions contai ned requests for information.
Uncertainty was expressed in 26% (13/50) of menarche
questions and 14% (7/50) of intercourse questions, and lack of
communication was expressed in 4% (2/50) of menarche
guestions compared with 8% (4/50) of intercourse questions.
An analysis of variance model found statistically significant
interactions only between age of menarche and lack of
communication (with higher agesreporting more communication
problems; P=.002).

Discussion

This study examined the concerns and information needs of
adolescents regarding menarche and first sexua intercourse as
evident from questions on asocia question-and-answer website,
Yahoo Answers. Although online data have been used to study
aspects of population hedth and especialy hedth
communication [17], we suggest that the use of online data,
particularly social media, to study aspects of younger adult
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health is advantageous because of these young adults make
extensive use of such media, particularly for sensitive topics
[11], such as sexual health.

This study’s quantitative research shows that the older the
adolescent female was at menarche, the older she was at first
intercourse, asdemonstrated in the previousliterature[16]. The
age at menarche can be attributed to additive genetic effects,
dominance effects, and unique environmental effects, including,
but certainly not limited to, in utero, population health,
socioeconomic status, and psychosocial factors [18]. Our
qualitative research explored the psychosocia environmental
influences and found that the most significant and recurring
theme regarding menarche and first sexual intercourse in
guestions asked by adolescent females in our dataset was
uncertainty. The recurring, significant subthemes were lack of
information and lack of communication. We can determine that
adolescents are uncertain about what is normal and the impact
that their behaviors (menarche and sexual intercourse) will have
on their livelihood, their families' livelihood, and their
communities' livelihood. Thisuncertainty, lack of information,
and lack of communication is influenced by the adolescent’s
sexual socialization via their relationship and level of
communication with parents, peers, and health care providers.
Educators also play an important role in communicating
information [19]. Though in many casesthey are challenged in
developing programs to effectively help adolescents to
understand their uncertainties, surveys show that educators have
become amore important source of information in recent years
[20].

As a child enters adolescence, he or she is faced with all sorts
of new information about sex, reproduction, culture, and societal
expectations. Parents are vital agents of sexual socialization for
children and adolescents. As per Bronfenbrenner's ecological
systems theory [21], qualities of an adolescent’s environment
(including the family system) will reciprocally and dynamically
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influence development. It is generally considered that
parent-adolescent communication is associated with more
responsible SRH among adolescents. According to Hutchinson
et a [22], parents who communicate with their children about
sex can positively influence sexual behaviors. Parent-adol escent
sexual communication, especialy = mother-adolescent
conversations, plays a protective rolein more responsible SRH
behaviors among adolescentsthat ismore significant for female
adolescents[5,23]. For example, 1 study identified “design and
implementation of family-based approaches to improve
parent-adolescent sexual risk communication as one means of
reducing HIV-related sexual risk behaviors among inner-city
adolescent females’ [22]. Although adolescents may attempt
to get their SRH information from other means (ie, peersor the
internet), it isimportant for parents to discern that information,
fasify the myths, and confirm the facts. In addition, it is
important for the conversation about SRH to begin early and
continue into emerging adulthood in the early twenties, where
the riskiest behavior is likely to take place [24]. According to
the literature [24], the parent-adolescent dialogue about SRH
is one that, if begun early, is normative and healthy. Often,
parents are inclined to shy away from discussing SRH because
they are not comfortable doing so [25] and tend to delay
discussions with their child until they believe they are already
engaging in sexual behavior. Parents who do not take the time
to enhance their own information and skills on SRH, are likely
to disseminate inaccurate information resulting in less successful
parent-adolescent communication and less positive impact on
their childs SRH [26]. It is important for parents to
communicate that they valuetheir child's or adolescent’sinterest
and opinions about SRH and be comfortable empowering their
child or adolescent with SRH information, beit from themselves
or ahealth care provider.

We found that menarche questions are primarily a request for
information about current experiences, with less of an emphasis
on future effects. This may be partly due to younger women
finding it easier to communicate with parents on issues
considered normal at their age, compared with teenagers who
areolder at thetime of menarche. Many first sexual intercourse
guestions request information. However, here lack of
communication is greater, reflecting an uneasiness to reveal
highly personal behaviorsto parents[27].

Conflictsof Interest
None declared.

References

Hodgson et al
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guestion-and-answer website this study used to collect datais
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how to convey that information to their adolescents. These
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sources of information who can help shape their children’'s
sexual sociaization and acquireinformation and skillsthat make
them more effective communicators [30]. Parents can model
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and attentive parent, including becoming aware of verbal and
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divulges, further research on prevention of risky adolescent
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target younger, at-risk adolescents [31]. Headth care
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in sources of sexual education to promote SRH responsibility
in adolescents as parent-adol escent communication is a sexual
health determinant and can influence the uncertainty that a
femal e adol escent encounters at menarche and sexual maturity.
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Abstract

Background: Only 30% of parents of children aged 9-35 months report that their child received a developmental screening in
the previousyear. Screening rates are even lower inlow-income households, where the rates of developmental delaysaretypically
higher than those in high-income househol ds. Seeking to evaluate waysto increase developmental screening, Text4baby, anational
perinatal texting program, created an interactive text message-based version of a validated developmenta screening tool for
parents.

Objective: This study aimed to assess whether a text message-based devel opmental screening tool is usable and acceptable by
low-income mothers.

Methods: Low-income mothers of infants aged 8-10 months were recruited from the Women, Infants and Children Program
clinicsin Prince George's County, MD. Once enrolled, participants used text messagesto receive and respond to six devel opmental
screening questions from the Parents’ Evaluation of Developmental Status: Developmental Milestones. After confirming their
responses, participants received the results and feedback. Project staff conducted a follow-up phone survey and invited a subset
of survey respondents to attend focus groups. A representative of the County’s Infants and Toddlers Program met with or called
participants whose results indicated that their infants “may be behind.”

Results: Eighty-one low-income mothers enrolled in the study, 93% of whom reported that their infants received Medicaid
(75/81). In addition, 49% of the mothers were Hispanic/L atina (40/81) and 42% were African American (34/81). A total of 80%
participated in follow-up surveys (65/81), and 14 mothers attended focus groups. All participants initiated the screening and
responded to all six screening questions. Of the total, 79% immediately confirmed their responses (64/81), and 21% made one
or more changes (17/81). Based on the final responses, 63% of participants received a text that the baby was “doing well” in all
six developmental domains (51/81); furthermore, 37% received texts listing domains where their baby was “ doing well” and one
or more domains where their baby “may be behind” (30/81). All participants received a text with resources for follow-up. In a
follow-up survey reaching 65 participants, al respondents said that they would like to answer screening questions again when
their baby was older. All but one participant would recommend thetool to afriend and rated the experience of answering questions
and receiving feedback by text as “very good” or “good.”

Conclusions: A mobiletext version of avalidated developmental screening tool was both usable and acceptable by low-income
mothers, including those whose infants “may be behind.” Our results may inform further research on the use of the tool at older
ages and options for a scalable, text-based developmental screening tool such as that in Text4baby.
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Introduction

Lessthan one-third (30.4%) of the parents of children aged 9-35
months in the United States surveyed report that their child
received a developmental screening in the previous year [1].
Screening rates are even lower among young children in
low-income families and Medicaid, where the prevalence of
developmenta delaysis higher than among children in higher
income and privately insured families[2].

Low developmental screening rates among young children
persist despite well-established benefits of early identification
of developmental delays (when intervention may be most
effective) [3,4]; the American Academy of Pediatrics (AAP)
recommendations for periodic screening of young children
(coinciding with the 9-, 18-, and 24- or 30-month well-baby
visits) [4,5]; the fact that timely developmental screening is a
core quality measurefor children’shealth and arequired benefit
for children under 3 years of age in Medicaid as part of Early
and Periodic Screening, Diagnostic and Treatment, which
provides comprehensive and preventive health care servicesfor
children and adolescents [6,7]; ready availability of validated
paper-based and online developmental screening tools [5,6,8];
and the fact that early development laysthe very foundation for
a child's growth and development and “lifelong trajectory”
[7,9].

This pilot study explored an innovative use of mobile phones
and text messaging to expand the availability of validated,
parent-reported developmental screening, especially among
low-income populations covered by Medicaid. The use of mobile
phones and text messages may be a particularly effective way
to reach young families at risk, since 100% of adults between
the ages of 18 and 29 years and 92% of all adults with incomes
below $30,000 surveyed by the Pew Research Center in January
2018 reported that they owned a cell phone of some kind [10].
Further, in as early as 2011, a Pew survey found that “95% of
18-29 year olds use the text messaging feature on their phones”
[11].

This pilot study addresses several gapsin the current literature.
First, although paper-based and online developmental screening
tools are well documented and evaluated [6,8,12], to our
knowledge, there are no published assessments of the use of
validated text messages by parents to report on the
developmental milestones. In one study, as part of the Baby
Steps program, researchers conducted a user study of 14
Hispanic families who received shortened versions of the Ages
& Stages screening questions by text message [13]. The
researchers found that parents liked the text-based tool and
based on the user responses, concluded that “text messaging is
afeasibletool for supporting parentsin tracking and monitoring
their child’'s development” [13]. A recent systematic review of
multiple systematic reviews of mobile health (mHealth)

http://pediatricsjmir.org/2019/1/e10814/

interventions (including text messaging) included no references
to studies of developmental screening but concluded that text
message reminders have a consistent impact on public health
outcomes such as appointment attendance and improved
treatment adherence for some chronic conditions[14].

Second, although the need for devel opmental screening ismost
acute among underserved, low-income populations, according
to a recent review article, overall “research regarding the use
of mHealth interventions for the populations that need it most
remains sparse” [15]. This review [15] also cites the study
partner Text4baby [16] as an exception that specifically targets
low-income pregnant women and mothers of infants receiving
Medicaid [15]. Since its launch in 2010, the free national text
messaging service Text4baby has delivered more than 430
million messages with health and parenting tips (G
Perez-Bonany, personal communication, Dec 2018),
appointment reminders, and health surveys corresponding with
the due date of the mother or the age of the infant [17,18].

Third, although there are many examples of assessments of the
usability and acceptability of web-based health interventions,
there are very few rigorous assessments of the usability of
mHealth technologies [19]. This pilot study adapted measures
from the Health I T Usability Evaluation Model, which is based
on experience with the evaluation of Web-based programs and
tested with several mHesalth programs [19].

Theamsof this pilot study wereto build and assess the usability
and acceptability of a text-based validated developmental
screening tool for infants of low-income mothers as part of a
plan to implement the lessons learned in a large-scale
deployment and trial, potentially viaan existing mHealth service
such as Text4baby. Three hypotheses guided the study: (1) Itis
technically feasibleto create atext-based version of an existing
validated developmental screening tool; (2) low-income mothers
will find text-based devel opmental screening usable, regardless
of their infants developmental status, and (3) low-income
motherswhoseinfants*may be behind” may find using the tool
and receiving immediate feedback about their infants
developmental status less acceptable than mothers who receive
feedback that their infants are “ doing well.”

The pilot study also aimed to determine whether infants who
“may be behind” in one or more developmental domain could
be followed up after the mother received the results of the
screening. The initial findings are presented here; additional
findings and lessons concerning the follow-up and maternal
actionsfollowing the screening will be presented in asubsequent

paper.
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Methods

Screening Tool

The study team built atext-based developmental screening tool
on the Textdbaby technology platform based on Parents
Evaluation of Developmental Status: Developmental Milestones
(PEDS:.DM), a vaidated paper- and Web-based screen [12].
The team then worked with the Maryland Department of Health
and Mental Hygiene (MDHMH); Prince George's County’s
Women, Infants and Children (WIC) Program; and Infant and
Toddlers Program (ITP) to pilot the tool with low-income
mothers of infants aged 8-10 months. The MDHMH Ingtitutional
Review Board approved the study.

Technical Feasibility of a Text-Based Developmental
Screening Tool

A number of validated tools are used to conduct devel opmental
screening; most are paper-based tools and generally administered
in a provider’s office, daycare center, or other site. The most
current list of accepted toolsis presented in the 2018 Technical
Specificationsfor the Child Core Set of health quality measures
for Medicaid and the Children’s Health Insurance Program [ 6] .
AAP aso provides links to validated screening tools and
supporting documentation [5]. Although some of these tools
have been adapted for online administration, to our knowledge,
none are currently availablein atext format.

Our study team selected its screening tool following a review
of three validated tools [8] (Multimedia Appendix 1) that are
also cited by AAP and Medicaid [5,6]. All three tools are
characterized by the coverage of multiple mental, behavioral,
and developmental domains; appropriateness for infants below
the age of 12 months and through early childhood; consistency
with AAP recommendations; use of parental responses based
on their own observations; and accuracy and strong validation
studies referenced in the review (>70% specificity and
sensitivity) [8].

Of these three validated tools, the PEDS.DM is the most
amenable to adaptation to an interactive text format. Each of
the PEDS:DM questions for the target age is less than 160
characters long, so each question could be sent in a single text
message (Table 1). Further, the PEDS:.DM covers the six
developmental domains (fine motor, expressive language,
receptive language, gross motor, self-help, and social -emotional)
with only six questions, each written at an elementary grade
reading level [8,20]. In contrast, Ages & Stages [8] uses 30
guestionswritten at the 3rd-12th grade level, anumber of which
exceed the 160-character limit of a text message and would
require editing for length aswell asreading level to be suitable
for use in atext-based tool appropriate for the target audience.

The study team worked with PEDS.DM to incorporate the
guestions and responses (Table 1) and feedback (Table 2) in a
text format, build the tool on the Text4baby technol ogy platform,
and check the text version for quality. Neither the wording of
the PEDS:DM questions nor the scoring criteria were altered.

PEDS:DM is generally administered in a provider’s office by
staff or self-administered on paper or online. The study team
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developed a plan with the ITP of Prince George's County to
ensure that follow-up was offered in person or by phone to
mothers whose infants' results indicated that they “may be
behind.”

Recruitment and Enrollment of L ow-IncomeMothers

The study team was able to reach and recruit low-income
mothers by partnering with the Maryland WIC program, an
income-qualified program “designed to help low-income
pregnant, postpartum, and breastfeeding women, infants, and
children 5 years old or younger who are at nutritional risk” [21].
TheMaryland WIC program defineslow income as US $37,296
annually for afamily of three people[21].

Staff in two WIC clinics in Prince George's County offered a
flyer about the study to mothers of infants aged 8-10 months
who were visiting one of the clinics for services. Interested
mothers were invited to a private area of the clinic where
members of the study team described the study, answered
guestions, and advised the mothers that after completing the
screening, they would receive aUS $20 gift card and a gift bag
with information about their baby’s development. The study
team members then confirmed the eigibility of interested
mothers to participate in the study. To be €ligible, a mother
needed to be the primary caretaker of aninfant aged 8, 9, or 10
months; above the age of 18 years; able to speak and read
English; and in possession of amobile phonethat wasregularly
used, including for texting. Eligible mothers filled out a form
providing informed consent and were enrolled as participants
inthe study. After enrollment, the study team members collected
information on participant and infant characteristics including
age, gender, insurance status, and ethnicity/race (Table 3).
Usability

To measure usability, the study used objective data generated
by the technology platform that reflected efficiency and
effectiveness (Table 4). Study participantswere asked to initiate
theinteractive screening tool by texting “DM” to the Text4baby
short code 511411; this generated an automatic reply with the
first of the PEDS.DM screening questions, asking the
participantsto respond by text message. Each time aparticipant
texted aresponse to aquestion, the platform automatically sent
a text message with the next question. After participants
answered al six screening questions, a study team member
asked them to review the questions and their responses. If they
wished to make changes, study staff asked participants to text
“DM” again to retake the screening questions.

Following any changes made, participants confirmed their
answers by texting “RESULTS.” In response, they received a
message listing areas where their infant appeared to be “doing
well” and, if indicated, a second message with any areaswhere
he/she “may be behind” (Table 2). The mothers then received
afinal text message with recommended actions. Following the
screening, study team members also provided participantswith
a letter containing the results intended for the infants' primary
pediatrician from the Infants and Toddlers Program (under Part
C of the Individuals with Disabilities Education Act) or a
qualified child care provider, aUS $20 gift card, and a gift bag
that included a guide for parents on child development [22].
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The Text4baby technology platform captured system data on
measures of participant interaction. These dataincluded arecord
of all questions and responses and date and time stamps for all
outgoing and incoming texts.

Acceptability

To measure acceptability, beginning two weeks after the
screening, study staff called all mothers and administered a
phone survey (Table 5) to those who replied. Thisphone survey
included questionsrelated to participants’ experience using the
text-based PEDS:DM and receiving feedback about their baby’s
development viatext.

Two subsets of mothers who participated in the phone survey
were invited to attend one of two focus groups—one included
seven mothers whose infants were “doing well” in all domains
and the other included seven mothers whose infants “may be
behind” in one or more domain. An independent evaluator
facilitated the focus groups. Participants received a gift card to
cover transportation and other costs. Theaim of thefocusgroups
was to provide context and insight into the usability and
acceptability of the tool and learn about maternal actions
following the screening (to be presented in a subsequent paper).

Analysis

Usabhility and acceptability were examined among participants
overal and by the developmental screening status of their
infants. Applicable systems and phone survey data were used

Johnson et al

to assess each measure. In addition, observations made by
mothers in the focus groups that related to usability and
acceptability were included. A coding scheme was applied to
qualitative data from interviews and focus groups to identify
key themes.

Descriptive analyses were used to analyze quantitative systems
and phone survey data. Where appropriate, quantitative analysis
was performed using the Chi-square test. In many of the cases,
thereweretoo many zero cells, and therefore, statistical analysis
could not be performed.

Results

Technical Feasibility

It was possible to take the existing validated PEDS.DM
guestions and program them on the Text4baby technology
platform (Tables 1 and 2). Because the screening questionswere
already at alow reading level (second grade) and short (under
160 characters), it was not necessary to make any changes to
their wording. Furthermore, because the response options were
closed, simple, and clear (ie, “no,” “alittle,” and “yes’), it was
only necessary to add instructions (eg, “ Reply 1 for no”). There
were no changes in the thresholds for determining risk. The
study team devised additional text messages to facilitate
administration, deliver results, and provide appropriate feedback
for the participants.

Table 1. Developmenta screening tool: questions and response options. Responses in italics indicate that the baby is meeting the milestone.

Topic of message PEDS:DM2questionsfor children Response options Text version Characters (includ-
aged 8-10 months ing spaces), n
Fine motor Canyour baby pokeat thingswith No, A little, Yes Can your baby poke at thingswith just his’her 115
just his’her first finger? first finger? Reply 1 for No, Reply 2 for A lit-
tle, Reply 3 for Yes.
Expressivelanguage When you say your baby’sname, No, Sometimes, When you say your baby’s name, doesheor 136
does he or she stop and look at Most of thetime she stop and look at you? Reply 1 for No, Re-
you? ply 2 for Sometimes; Reply 3 for Most of the
time.
Receptive language How many different sounds, such None, One, Two or  How many different sounds, such as“muh,” 142
as“muh,” “bah,” “duh,” or “guh” more “bah,” “duh,” or “guh” does your baby say?
does your baby say? Reply 1 for None, Reply 2 for One, Reply 3
for 2 or more.
Gross motor Can your baby get around on No, Sometimes, Yes  Can your baby get around on hands and knees 136
hands and knees or by scooting on or by scooting on his or her bottom? Reply 1
his or her bottom? for No, Reply 2 for Sometimes, Reply 3 for
Yes.
Self-help Does your baby try to get totoys  No, A little, Yes Does your baby try to get to toysthat areout 111

that are out of reach?

Social emotional Does your baby like to play peek-

aboo? little/Yes

No/Never tried, A

of reach? Reply 1 for No, Reply 2 for A little,
Reply 3for Yes

Doesyour baby liketo play peek-a-boo?Reply 93
1 for No/Never tried, Reply 2 for A little/Yes.

3PEDS:DM: Parents' Evaluation of Developmental Status: Developmental Milestones
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Table 2. Developmental screening tool: feedback

Johnson et al

Feedback Resultsin text Characters(includ-
ing spaces), n

For mothers reporting /more met Based on your answers, your baby does well [using hands and fingers, listening, talking, Varied

milestones using arms and legs, learning to take care of self, getting along with others]

For mothers reporting 1/more unmet  Based on your answers, your baby may be behind [using hands and fingers, listening, Varied

milestones talking, using arms and legs, learning to take care of self, getting along with others]

For mothers reporting all milestones  Thanks, Mom! Keep up with how your baby islearning and growing. Go to www.pge- 128

met itp.net? or call 301 265-8415 if you have questions.

For mothers reporting 1/more unmet  Please call Prince George's Infants & Toddlers right away at 301 265-8415 for FREE 148

milestones

help for your baby. Talk with baby’s Dr. & childcare provider too.

A\ebsite currently unavailable.

Participants Characteristics

A total of 81 low-income mothers of infants aged 8-10 months
were recruited and enrolled in the study: 93% (75/81) of the
mothers reported that their infantswere on Medicaid, 2% (2/81)
had no insurance, 4% (3/81) had private insurance, and 1%
(1/81) did not know her child’s insurance status (Table 3).
Seventeen percent (14/81) of the mothers said that they had less
education than a high school degree, 37% (30/81) had a high
school degree, and 46% (37/81) had some college or higher
education.

Nearly half of the mothers (49%, 40/81) indicated that they
were Hispanic/Latina, 42% (34/81) identified as African
American, and 5% (4/81) identified as white (non-Hispanic).
In addition, 57% of the participants (46/81) listed English, 37%
(30/81) listed Spanish, and 6% (5/81) listed another language
as the first language spoken at home.

Of note, 15 mothers (19%) reported that their infant had been
born prematurely compared to a statewide prematurity rate of
10.5% among all women and 12.5% among African American
women in Maryland [23].

Most participants (91%, 74/81) reported using a mobile phone
with internet access, and 9% (7/81) reported using abasic phone
without internet access. Ninety percent of the participants
(73/81) reported that they had a monthly texting plan that
provided unlimited text messaging, 5% reported amonthly plan
with limited texting (4/81), 1% (1/81) paid on a per-message
basis, and 4% (3/81) did not know what their texting plan
provided.

There were no statistically significant differences between
subsets of these low-income mothersfor any of the demographic
and other characteristics except previous screening. Mothers
who reported that their infant had been previously screened
were significantly more likely to have infants who were “ doing
well” in comparison with those who did not report a previous
screening (P<.02). Overall, 47% of the mothers reported that
their infant previously received asimilar screening (38/81); this
proportionis higher than the national average and the Maryland
statewide rate of 43% [1].

Usability
The assessment of usability of the screening tool focused on
five objective measures of efficiency and effectiveness: initiation

http://pediatricsjmir.org/2019/1/e10814/

of the screening tool, completeness of responses to screening
guestions, timerequired, ability to receiveresults, and follow-up
of infants who “may be behind” (Table 4).

Several mothershad connectivity issueswith their phonesinside
one of the clinics but were able to connect by moving closer to
a window. One of the mothers received a message from her
carrier that the carrier would charge her for text messages. Since
the study protocol specified that messages would be free, the
study team lent her an alternative phone to use for the study.

All participants—mothers whose infants “may be behind” or
were “doing well”—were able to text “DM” to the short code
511411 on their mobile phones (100%, 81/81). All were able
to initiate the screening and successfully trigger the first
guestion. In addition, all were able to trigger and enter one of
the indicated responses to each of the six questions (100%,
81/81). A total of 79% (64/81) successfully submitted responses
to all six questions on their first attempt. The remaining 21%
(17/81) submitted final responses on the second or, in the case
of one mother, third time. Three of these participants required
additional time because of technology/connectivity issues. Four
restarted the tool during submission of the six responses because
they made an error in one or more responses.

After entering all responses to the last question, a study team
member asked all participantsto review their responses. Among
the fourteen participants who changed one or more of their
responses when they answered the questions for a second time,
86% (12/14) changed their response to Question 1 (“Poke").
Response to Question 2 (“Baby’s Name”) was the second most
frequently changed: Half of those who changed their responses
(7/14) changed their response to this question.

One focus group participant described her confusion about the
meaning of “poke” asfollows:

I got kind of confused when they said poking. Poking,
how? What doesthat mean? | had to re-read it again.
| was thinking—Poke what?

Additionally, athough only three participants changed their
answersto Question 6 (“ Peek-a-bo0™), some expressed concern
about this question in the focus groups:

Peek-a-boo? | did not understand. | had a hard time
understanding what it was all about. Actually, that
my baby was doing that.
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Table 3. Demographic and other characteristics of participants and their infants.

Characteristics All participants  “Doing well” “May be behind” P valuefor “Doing well”
(N=81) (N=51) (N=30) vs“May be behind”

Mother’s age (years), mean (SD)? 276 (5.7) 279 (5.5) 27.1(6.1) .53
Mother’s education, n (%)

Less than high school 14 (17) 10 (20) 4(13) 18

High school graduate 30 (37) 15 (29) 15 (50) b

Some college or higher 37 (46) 26 (51) 11 (37) —
Mother’sracel/ethnicity, n (%)

Non-Hispanic/African American 34 (42) 23 (45) 11 (37) .86

Hispanic/Latina’ 40 (49) 24 (47) 16 (53) —

Non-Hispanic, white 4(5) 249 2(7) —

Other 34 24 1(3) —
Infant’s gender, n (%)

Female 41 (49) 29 (57) 12 (40) 14

Male 40 (51) 22 (41) 18 (60) —
L anguage spoken at home, n (%)

English 46 (57) 28 (55) 18 (60) .70

Spanish 30(37) 19 (37) 11 (37) —

Other (eg, Amharic or French) 5(6) 4(8) 1(3) —
Infant born prematurely, n (%)

Yes 15(19) 9(18) 6 (20) .79

No 66 (81) 42 (82) 24 (80) —
Infant’s source of health insurance, n (%)

Medicaid 75 (93) 49 (98) 26 (87) .30

No health insurance 2(2 1(2 1(3 —

Private insurance 34 1(2 2(7) —

Don’'t know 1(1 0(0) 1(3 —
Type of text messaage plan, n (%)

For each text message 1(2) 0(0) 0(0) a2

Monthly for unlimited texts 73 (90) 47 (92) 27 (90) —

Monthly for alimited number of texts 4 (5) 1(2 3(10) —

Don't know 34 3(6) 0(0) —

Screening status®, n (%)
All 6 milestones met 48 (59) — — —
5 or fewer milestones met 33(41) — — —
Final screening status®, n (%)
All 6 milestones met 51 (63) — — _
5 or fewer milestones met 30(37) — — —

Previous screening of infant, n (%)

Yes 38 (47) 30 (59) 8(27) <.02

No 40 (49) 20(39) 20 (67) —

Missing 3(4) 1(2) 2(7) —
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%0ne participant did not provide her age.
BNot applicable.

Johnson et al

®Mothers who provided another related term for race (eg “Spanish” or “Guatemala’) or who did not respond to the question were identified as

Hispanic/Latinaif they aso indicated that they spoke Spanish at home.
dAs submitted by mothers via the screening tool.

€n 3 cases, the mother indicated that she had made amistake on asingle question after she had received the results, which changed theinfant’s screening
status. The final screening status reflects the amended responses in these cases. This status is reflected in the letter prepared for the baby’s provider, a

copy of which was also given to the mother.

Table 4. Usability of atext-based developmental screening tool.

Measures of efficiency and effectiveness

Efficiency, n (%)

Initiation of tool (participantsabletotext “DM” to 511411 and trigger 81 (100)

developmental screening questions)
Responding to screening questions

Participants able to trigger and respond to all 6 developmental
screening questions

Attemptsrequired to complete all 6 developmental screening questions

Completed on first attempt
Completed on second attempt
Completed on third attempt

Time required for completion (average amount of time to complete
all 6 screening questions), min

Effectiveness, n (%)

Receiving results (participants receiving results by text following
completion of screening questions),

Overall (N=81)  “Doingwell” (N=51)  “May be behind” (N=30)
51 (100) 30 (100)

81 (100) 51 (100) 30 (100)

64 (79) _a _

16 (20) — _

1(1) — —

4.39 438 4.4

81 (100) 51 (100) 30 (100)

Follow-up of infantswith one/more missed milestones: Did the mother of infant with one/more missed milestone meet/talk with ITPP

program?
I TP representative met with mother (only) — — 3(10)
I TP representative met with and reached the mother by phone  — — 9(30)
I TP representative reached the mother by phone (only) — — 16 (53)
I TP representative called but was not able to reach mother (did — — 2(7)
not meet with)
8Not applicable.

BITP: Infants and Toddlers Program.

To follow-up with the 30 mothers whose responses indicated
that their infants“ may be behind,” the study team took anumber
of stepsthat will be described in detail in aforthcoming paper:
All 30 mothers received a text message encouraging them to
call thel TRP. On the dayswhen an I TP representative was present
in the WIC clinic during the study, she met with any mother
whose infant had one or more unmet milestones. She also
attempted to call all these mothersto administer the follow-up
survey. By the end of the study, the I TP representative had met
or talked with al but two of the mothers (93%, 28/30).

Acceptability

Acceptability of the screening tool was assessed by a phone
survey by using subjective measures of ease of use, usefulness,

http://pediatricsjmir.org/2019/1/e10814/

and satisfaction (Table5). It was possible to reach and interview
80% of study participants (65/81). Almost al interview
participants said that it was " Easy” (40%, 26/65) or “Very Easy”
(58%, 38/65) to answer the six text message devel opmental
screening questions; none said it was “Hard” or “Very Hard”
(Table 5). Asdescribed by one focus group participant, “1 have
two kids and I’m on the phone or busy with kids. It's easier to
answer the questions on a phone than to have to talk on the
phone.” A higher percentage of the participants whose infants
were “doing well” said the text messages were “Very Easy”
(70%, 28/40), compared to those whose infants“ may be behind”
(40%, 10/25). Because of the number of zero cells, it was not
possible to perform statistical tests on these data.
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Table 5. User assessment of the developmental screening tool.

Johnson et al

User perceptions of ease of use, usefulness, and reported satisfaction

Overall (N=65), n (%) Infants“doingwell”

(N=40), n (%)

Infants who “may be
behind” (N=25), n (%)

Per ceived ease of use

How hard or easy wasit to answer the six text messages that asked you questions about your baby?

Very easy to answer the questions
Easy to answer the questions
Hard or very hard to answer the questions

Missing response

How did you feel about how much time (the screening questions) took?

The right amount of time
Too much time

Needed more time
Missing response

Per ceived usefulness

38 (58) 28 (70) 10 (40)
26 (40) 12 (30) 14 (56)
0(0) 0(0) 0(0)
12 0(0) 1(4)
62 (95) 38 (95) 24 (96)
2(3 2(9) 0(0)
0(0) 0(0) 0(0)
12 0(0) 1(4)

Would you want to answer text questionslike thisagain and get results about how your baby is doing when your baby isolder?

Yes

No

Would you recommend the text messages that asked you questions about your baby to a friend with a baby?

Yes

Maybe

No
Satisfaction

65 (100) 40 (100) 25 (100)
0(0) 0(0) 0(0)
64 (97.5) 39 (97.5) 25 (100)
1(2.5) 1(2.5) 0(0)
0(0) 0(0) 0(0)

Overall, how did you feel about giving answer to the 6 text messages that asked questions about your baby and getting text messages

with feedback about how your baby islearning and growing?
Very good, it was helpful
Good, it was okay
Average, it was neither good or bad
Poor
Unhelpful

How much did you like or dislike getting text messages with results about how your baby isdoing?

Liked alot, liked getting the feedback by text
Good, it was OK to get the feedback by text
Neither good or bad, | didn’t care how | got the feedback

Disliked, | did not like getting the feedback by text or totally neg-
ative, | would not want to receive feedback by text again

Missing response

52 (80) 33(83) 19 (76)
12 (18) 6 (15) 6 (24)
1(2) 0(0) 0(0)
0(0) 0(0) 0(0)
0(0) 0(0) 0(0)
37 (57) 25 (62.5) 12 (48)
25 (38) 15 (37.5) 10 (40)
1(2) 0(0) 1(4)
0(0) 0(0) 0(0)
2(3) 0(0) 2(8)

Among all participants, the time required to complete the
developmental screening (ie, the time between first texting
“DM” and submitting the final response) was 4 minutes and 39
seconds on an average. All but three of the phone survey
participants who provided an answer (95%, 62/65) felt that the
amount of timeit took to answer the six text messages was “the
right amount of time” Asone mother explained, “ The questions
were easy and | could answer them quickly.”

http://pediatricsjmir.org/2019/1/e10814/

All but one of the mothers surveyed said they would recommend
the text-based screening to a friend (97.5%, 64/65), and all
mothersreported that they wanted to answer screening questions
again when their baby was older (100%, 65/65).

Mothers were asked to assess the overall experience of
answering the questions and getting results by text: 80% of all
mothers interviewed reported that it was “very good, it was
helpful” (52/65) and 18% reported that it was “good, it was
okay” (12/65). Only one mother reported that it was “ average,”
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and no mother rated it as poor or unhelpful. When specifically
asked to assess the value of obtaining results of the screening
by text, almost all mothers responded that they liked receiving
feedback by text “alot” (57%, 37/65) or that it was* good, OK”
(38%, 25/65). Although a lower percentage of respondents
whoseinfants*may be behind” liked receiving feedback by text
“alot” or found it “good, OK” than the respondents whose
infants were “doing well,” it was not possible to calculate
statistics due to the number of cellswith zero data.

Discussion

Principal Findings

The primary aims of this pilot study were to assessthe usability
and acceptability of avalidated interactive text message-based
tool for developmental screening of infants of low-income
mothers as a strategy to make developmental screening more
broadly available, particularly among low-income populations.

Thispilot study found thet it was feasibleto create an interactive
text-based screening tool based on a validated instrument, and
low-income mothers of infants aged 8-10 months found the tool
both usable and acceptable. The findings of this study are
important because the ubiquity of mobile phones (100%) [10]
and texting (95%) [11] among Americans aged 18-29 years
creates the potential to make screening widely available to
parents of infants, including those from low-income househol ds
and on Medicaid who are at a heightened risk of developmental
delays especially in the early years.

Usability and Acceptability

Despitealong history of theory-based approachesfor assessing
the usability and acceptability of web interfaces, there is a
paucity of literature on mHealth usability and the inherent
challenges of mHealth usability assessments such as small
screens and the lack of software that captures physical
interactions with devices [19]. There are perhaps even greater
challenges in capturing user experience in atext intervention.
For example, users own avariety of devicesfrom basic mobile
phones to feature-rich mobile phones of varying sizes, and the
screening tool may appear quite different depending on the
device used. In addition, devices and platforms capture very
limited data on interactivity beyond the time and content of
interactive messages sent and received.

This study therefore focused on practical measures of
performance reflecting actual use of the intervention and user
assessments of their experience. The study found no differences
in any of the measures of usability according to the infants
developmental status or any of the demographic or
socioeconomic characteristics. All motherswere ableto respond
to al questions and complete the screening (100%, 81/81)
including the 21% of mothers who wanted to change one or
more responses (17/81). Challenges dueto poor mobile coverage
in one of the clinics did not prevent participants from
successfully completing the screening.

With regard to acceptability, mothers, including those who
received a report that their infant “may be behind,” valued the
tool as well as the experience of using it and receiving results
by text. Almost all mothers ranked the experience “very good”
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or “good” and all but one said that they would recommend it to
afriend. All mothersin the study expressed the desire to repeat
the screening in the future when their infants were ol der.

There were several lessons learned that should be considered
in future iterations and research. First, although the pilot study
focused on infants aged 8-10 months, future research and
implementation should extend the tool to cover additional ages
recommended by AAP and Medicaid’s Child Core Set of health
quality measures [4-6]. Second, words matter. The wording of
one of the screening questions was associated with the highest
error rates and should be reviewed and tested. Third, although
there was no difference in the measures of usability for Spanish
and English speakersin this pilot study, futureiterations should
offer a choice of language to the users. Fourth, the observation
that mothers whose infants “may be behind” were even less
likely to report a previous screening suggeststhat this approach
could potentially reach and identify infants at the highest risk
of developmental delay, who do not have a medical home and
who might otherwise not be identified in atimely way. Fifth, a
critical concernin conducting adevelopmental screening ishow
to refer mothers whose infants “may be behind” for further
screening and, if indicated, diagnosis and treatment for their
infants as required and supported by the Early and Periodic
Screening, Diagnostic and Treatment benefit of Medicaid [6].
The ability of the ITP representative to reach 93% (28/30) of
mothers whose infants “may be behind” in person in the clinic
or by phone for possible follow-up was therefore an important
aspect of the study process. Clearly, thisis only thefirst, albeit
necessary, step to ensure that at-risk infantsreceive the required
diagnosis and appropriate treatment in a timely manner.

Implementation and Evaluation Approaches

To our knowledge, this is the first study to use texting of a
validated tool to conduct devel opmental screening inthe United
States and to assess such atool with alow-income population
largely enrolled in Medicaid. It is therefore important to
incorporate the lessonslearned in this study about usability and
acceptability and test the effectiveness of this approach on a
larger scale including in a randomized clinical trial [24].
Although many mHeath studies do not include an
implementation component [15], this study was designed with
aview toward large-scale implementation and evaluation.

The combination of broadly available mobile technology, a
valid screen, and the partnerships put in place for this
study—with Text4baby, the State of Maryland WIC program,
and Prince George's County | TP program—provides apotential
model for scaling up and further evaluation of an approach to
promote widespread access to developmental screening and
potentially reach at-risk populations. Largescale mobile health
programs such as Text4baby could make the devel opmental
screening tool available to mothers enrolled in that program
where follow-up is available from an infant’s pediatrician or an
early intervention program such as ITP. To connect parents of
infants who “may be behind” to follow-up, this study suggests
that phone calls, in this study’s case, from the ITP to parents,
following screening may be an effective method.

The text-based screening tool could also be used and evaluated
in amedical home or other care setting. As noted in a recent
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review of mobile health applicationsto promote early language
development, “m-Health could provide a natural extension of
interventions and messages delivered within the primary care
setting” [9]. For example, the waiting room staff could ask a
parent to trigger the screening tool by sending a text message
to a designated number. The parent could then receive and
review the resultsimmediately with the infant’s pediatrician or
another provider.

In both cases, there could be advantages of embedding
developmental screening in a broader texting program such as
Text4baby. Parents could be sent additional text messages with
information about resourcesfor child development and tailored
parenting tips as well as reminders to attend well-baby visits,
a strategy that has been shown to be effective in increasing
attendance rates [25].

Limitations and Strengths

Limitations of thispilot study includeitsreatively small sample
size and primary focus on descriptive data. Participantsrecruited
from two WIC clinics located near a major metropolitan area
had higher educational levels than the United States average
levels [26]. Maryland also has one of the highest rates of
developmental screening in the United States [1]. Study
participants may not reflect the overall population of low-income
mothers of infantsin this age cohort, given that more than half
the mothers reported that their infants had had an earlier
developmental screening. As part of explaining the purpose of
the study and assuring that participant consent was “informed,”
the study team likely raised awareness of developmental
domains beyond the information provided in the screening
messages. In addition, this pilot study did not include an
independent test of validity of the text version as compared to
amore traditional format.

The study has several important strengths. Because of the
partnership with WIC and itsclinicsin Prince George's County,
the study was able to reach and recruit low-income mothers
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whoseinfants may be at el evated risk for devel opmental delays.
Due to the partnership with ITP, it was possible to reach and
offer follow-up to motherswhose infants“ may be behind.” The
study also focused on user experience and input in the early
stages of development and testing of an innovative mHealth
tool with lessons that should be incorporated in future
implementation and research.

Conclusions

This pilot study addresses the low rates of developmental
screening among low-income populations in the United States
by investigating how to build on the dramatic growth in the
coverage of mobile technology and the broad use of texting
within this population.

The study concluded that a validated developmental screening
tool delivered by text message to mobile phonesis both usable
and acceptable by low-income mothers of infants. The results
and lessons learned in this study can inform further evaluation
with larger sample sizesand at other recommended ages. It also
offersinsightsfor potential modelsfor scalable implementation
of validated developmental screening using text messaging to
screen and support mothers of infants.

The combination of broadly available mobile technology and
the partnerships put in place for this study with Text4baby, the
State of Maryland’sWIC program, and Prince George's County
I TP program holds promise for scaling up and further evaluating
amodel to promote morewidespread developmental screening.

This study contributes to the growing body of evidence
supporting the feasibility as well as the effectiveness of using
text messaging to address important health outcomes and
disparities. Studies have documented the impact of text
messaging programs on heath knowledge, appointment
attendance, vaccination compliance, and other health behaviors.
The findings of this study extend mHealth research to support
developmental screening and address services needed by at-risk
populations.
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Abstract

Background: Youth with disabilities are at high risk of unemployment compared with youth without disabilities. They often
encounter challenges in accessing vocational programs that meet their needs. One promising approach that could help to address
barriers that youth encounter while also enhancing social support is through el ectronic mentoring (e-mentoring). Although there
isan increase in e-mentoring for youth with disabilities, little is known about itsimpact for youth with physical disabilities.

Objective: This study aimed to assess the acceptability and initial impact of a Web-based peer electronic mentor employment
intervention for youth with physical disabilities.

Methods: The Empowering Youth Towards Employment intervention was evaluated using a pilot randomized controlled trial
(RCT). Youth, aged 15-21 years, with physical disabilities were randomly assigned to an intervention (ie, mentored) or control
(ie, not mentored) group. Trained mentors (ie, near peers) with aphysical disability led the online discussion forums and provided
peer support and resources for 12 modules (1 topic per week over 12 weeks). Primary outcomes focused on self-determination,
career maturity, and social support. We also explored program adherence and dosage, participant satisfaction, and areas for
improvement.

Results: A total of 13 youth (mean age 17.3 years, SD 1.88; 54%, 7/13 femal€) completed the RCT. In the intervention group
(n=9), 56% (5/9) of the youth were females, and in the control group (n=4), 50% (2/4) of the youth were female. Participants
reported satisfaction with the program and that it was feasible and acceptable. Participants' mean engagement level with the
program was 5.22 (SD 2.48) for the intervention group and 5.40 (SD 4.56) for controls. Participants in the intervention group
demonstrated significant improvements in self-determination (t;,=2.49; P<.04) compared with the control group. No adverse
events were reported.

Conclusions: The Empowering Youth Towards Employment is a promising intervention that enhances self-determination among
youth with physical disabhilities.

Trial Registration: Clinical Trials.gov NCT02522507; https:/clinicaltrial s.gov/ct2/show/NCT 02522507 (Archived by WebCite
at http://www.webcitation.org/6uD58Pvjc)

International Registered Report Identifier (IRRID): RR2-10.2196/resprot.8034
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Introduction

Background

Although many young people with disabilities are willing and
capable of working, they encounter many persona,
environmental, and socio-contextual challenges (eg, inaccessible
jobsand discrimination) in finding and maintai ning meaningful
employment [1]. Their persistently low employment rates are
about half or less compared with youth without disabilities[2-4].
Although youth with disabilities could benefit from employment
training programs, they are often not tailored to meet the needs
of youth with disabilities (eg, self-care at work, disclosing a
disability, and requesting accommodations). Of the programs
that aretargeted toward peoplewith disahilities, they often focus
onyouthwithintellectual or developmental disabilities, whereas
less attention has been paid to youth with physical disabilities
[1,3,4]. There are limited evidence-based employment
preparation programsfor youth with disabilitiesin Canada[5,6].
For example, a systematic review by Hanif et al [5] focusing
on employment preparation programs for youth with physical
disabilitiesfound only 8 empirical studiesinthisarea. Although
there is limited research on this particular population, the
findings are promising and show potentia to improve
self-confidence, self-awareness, goal setting, and knowledge
of career options [5]. Although some evidence suggests that
vocational programs can influence employment outcomes for
youth with disabilities, much further research is needed [5].
Focusing on youth with physical disabilitiesisimportant because
they arguably have different needs regarding developmental
tasks, socia development, and role functioning [7,8].
Furthermore, this period of emerging adulthood is an optimal
timeto help youth develop critical job and independence skills
[9].

Mentoring involves developing a relationship between a more
experienced individual who serves as a role model and shares
knowledge with aless experienced individual [10,11] and can
help provide youth with informational, practical, and emotional
assistance to enhance coping skills as youth transition to
adulthood [12-15]. Mentoring has beneficial impacts on job
training, educational attainment, social skills, self-esteem,
self-efficacy, work ethic, and employment outcomes [16-18].
Mentoring is particularly useful for groups that are considered
to be disadvantaged, such as youth with disabilities [15,19].
Research on mentoring programs among Yyouth without
disabilities shows that they are a cost-effective way to augment
vocational and educational services while aso promoting
positive behaviors (eg, self-efficacy, quality of life, and
employment skills) [12,20-23]. A meta-analysis focusing on
youth without disabilities showed that the key ingredients of
peer mentor interventions involve trained mentors, monitored
implementation, structured activities, and parental involvement
[20]. Until recently, most mentoring programs (in general and
those specific to employment) have not included nor specifically

http://pediatricsjmir.org/2019/1/e12088/

targeted youth with disabilities [15,18]. A common challenge
with mentoring programs is that it is often difficult to meet
face-to-face. Thus, having a Web-based format can help to
overcome some of these challenges [24]. Peer electronic
mentoring (e-mentoring) may be 1 way to help youth to gain
valuable employment preparation skillsin an accessible format.
Research demonstrates that Web-based platforms can influence
learning and behavior change [25-27]. Web-based formats are
particularly relevant for youth, given that the majority of them
seek information and communicate over the internet [28].
E-mentoring formats are also flexible in regard to matching
participantsto amentor and asynchronous communication [29].

Rationale

This study addresses an important gap in the literature by
offering a Web-based employment preparation intervention for
youth with physical disabilities. Such youth often encounter
different challenges compared with youth with invisible
disabilities or chronic illnesses because their condition is often
visible, and they also encounter difficultiesin mobilities, speech,
independence, coping, stigma, and socia exclusion [30]. Our
intervention aimsto strengthen youth’semployment preparation
skills including self-determination, career maturity, and social
support, al of which can have beneficial effectsfor employment
outcomes [15,19,31-34].

Methods

Objective

Our main objective was to assess the feasibility, acceptability,
and initial efficacy (ie, pilot randomized controlled trial, RCT)
of an electronic mentor (e-mentor) employment preparation
intervention for youth with physical disabilities for improving
self-determination, career maturity, and socia support compared
with controls. A secondary objective includes exploring program
adherence and dosage, participant satisfaction, and areas for
improvement.

Design

A pilot RCT, with an embedded qualitative design [35], was
chosen to test the feasibility and initia efficacy of the
Empowering Youth Towards Employment intervention for youth
with physical disabilities. Thisintention to treat design involves
an intervention group that received employment preparation
Web-based modules and a peer e-mentor. Meanwhile, the
control group received the Web-based modul es only (no mentor)
but could interact with other participants within their group.
We administered pre- and postsurveys (immediately following
the compl etion of theintervention) for both groups (intervention
and control). We followed the Medical Research Council
Framework for the development and evaluation of RCTs to
guide our design [36]. We focused on the development and
feasibility phasesto establish the theoretical underpinningsand
modeling to test the feasibility of key intervention components
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[36]. The qualitative data comprised open-ended survey
guestions and researcher’s observation field notes.

The rationale, design, content, and length of our intervention
was based on 2 systematic reviews focusing on employment
preparation interventions for youth with physical disabilities
[5] and best practices of peer mentorship for improving
employment outcomes [15] and 2 scoping reviews onimproving
the inclusion of people with disabilities in the workforce [37]
and mentoring practices for a diverse workforce [38]. We aso
conducted needs assessments regarding informational and social
support for youth with disabilities [7,39].

Procedures and Randomization

We received ingtitutional research ethics board approval (from
apediatric hospital and auniversity). Eligible participantswere
sent an information letter and phone call from the research team.
The research assistant screened all participants and obtained
informed written consent before enrolling them in the
intervention. Once partici pants consented, they were randomized
into an intervention or control group using a block size of 10
[4Q]. Participantswerethen emailed the presurvey (see measures
below). Next, a research assistant contacted participants to

http://pediatricsjmir.org/2019/1/e12088/
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inform them of their group assignment and instruct them on the
procedures to be followed (see Figure 1 for trial schema).

I ntervention (Experimental Group)

The purpose of the intervention was to provide meaningful
support and accessto evidence-based empl oyment resources so
that youth can begin thinking about preparing for employment.
The content and length of our intervention were
evidence-informed by 2 systematic reviews, a scoping review,
and a needs assessment conducted by our team [5,15,37,39]. It
was cocreated with a knowledge user advisory group and
consists of 12 modules (1 per week over 12 weeks) that were
delivered by youth peer mentorsin apassword-protected online
discussion forum (see Multimedia Appendix 1 for topics). Each
module contained informative resources and interactive
materials (ie, articles and videos) that could be viewed at their
own pace, homework, and discussions led by trained peer
mentors. The group-based intervention involved up to 10
participants per group plus 2 mentors (ie, trained near-peers
who have a physical disability). Youth were given accessto a
separate password-protected area of AbilityOnline website, a
safe forum for youth with disabilities. It was important to note
that we piloted the 12-week format before switching to a4-week
format (reported elsewhere) [6].
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Figure 1. Search process flow diagram.
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[L Analysis

Analyzed (n=9)

Youth mentors presented each of the topics to mentored
participantsin the same order using ascript. To ensure treatment
fidelity, each mentor received the same training and regular
check-ins with project staff. They provided their own personal
experiences and examples related to each topic and were
instructed to respond to all posts while offering informational,
emotional, and socia support, which they received training in.
The asynchronous discussion forum was available to al
participants in the group (eg, intervention or control).
Participants were instructed to log in to the forum at least once
aweek, which they could do at atime that was convenient for
them. Mentors posted their availability (ie, when they would
bein the forum) if participants wanted to discuss something in
real time. To be considered for the role of a peer mentor, eligible
young adults had lived experience with a physical disability,
some employment experience, and have completed the 3-day
Youth Peer Mentor Training program that runs out of apediatric
rehabilitation hospital [41]. Mentors adso completed
project-specific training (ie, activelistening, perspectivetaking,
confidentiality, maintaining boundaries, positive role modeling,
trust building through interactivetraining, and mentoring) before
starting. Mentorsincluded 2 youth (1 male and 1 female, mean
age 21.5 years) who had a physical disability. Mentors
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introduced the topics in the same order and were trained to
respond to participants’ comments in a similar supportive and
positive-focused manner [6].

Control Group

The control group had access to a separate password-protected
group within the Web-based forum that contained the modules
only, and they did not receive peer mentorship [6]. Instead, a
researcher posted the weekly discussion topics but was
instructed to not reply to any participant posts. Youth
participants within the control group could interact with other
participants in their group, but such discussions were not
facilitated by a mentor.

Recruitment

Participants were recruited from June to September 2016
through invitation letters sent from a pediatric hospital and
disability organizations through referrals and advertisements.
Potential participants also contacted us if they were interested
in participating. Inclusion criteria involved the following: (1)
able to read and write in English, (2) aged 15 to 25 years, (3)
have access to a computing device with internet access, (4)
currently enrolled in or recently completed a high school
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diploma in the applied or academic stream (to screen for
cognitive impairment), (5) have no paid work experience, and
(6) youth with a physical disability (eg, cerebral palsy, spina
bifida, muscular dystrophy, and spinal cord injury) [6]. Here,
we refer to disability as impairment, activity limitation, and
participation restriction, whereby a disability and functioning
are shaped by interactions between health conditions and
contextual factors [42]. Our rationale for this age group and
also choosing youth without employment experience was that
youth with disabilities often start their first job later than youth
without disabilities [39]. Exclusion criteria involve those who
recently completed or who are currently participating in another
employment preparation or peer support intervention [6].

Information packages were mailed to 330 potential participants,
and the research team followed up with potential participants
via phone (n=298) or email (n=32) to assess interest and
avalability for the study. If youth were interested in
participating in the study, they were then screened for eligibility
by a researcher, and if eligible, they were required to sign a
written consent or assent form before taking part in the study.
Wewere able to reach and assess 193 participantsfor eligibility.
A total of 173 participants were excluded (see Figure 1 for
reasons). All the 13 participants who joined the study provided
written consent, completed a presurvey, signed up for the
intervention website, and completed the postsurvey after the
completion of the intervention. A total of 20 participants
expressed interest in the study, met the inclusion criteria, and
provided written consent. Using ablock size of 10, participants
were randomly assigned into either the experimental (ie,
mentored) or control group (see Figure 1 for trial schema).

A total of 7 participants dropped out of the study. Of the
participants, 1 dropped out of the intervention group because
of medical complications, and 6 participants dropped out of the
control group (see Figure 1 for reasons). A total of 13
participants completed the intervention and postsurveys (9
intervention and 4 controls).

Outcome M easures

In addition to basic demographic information (see Table 1),
participants compl eted 3 standardized measures at baseline and
at completion of the study to explore self-determination [43],
career maturity inventory attitude scale [43], and
multidimensional scale of perceived social support [44]. These
standardized measures have good internal consistency,
construct-related and criterion validity, and test-retest reliability
and have been widely used for youth with disabilities [43-46].
Given that the focus of this study wasfeasihility, these outcome
measures were exploratory to examine variances to help
determine appropriate outcomes and sample size for future
full-scale RCTs.

The first outcome measure, Arc’'s Self-Determination Scale
[46], consists of a sef-report measure that assesses
self-determination for adolescents with disabilities, with
subscal es on autonomy, acting on the basis of preferences and
abilities (postschool directions), goa setting, and task
performance (eg, “I make my own my own meals or snacks”
and “1 make long-range career plans’). The scaleincludes| do
not even if | have the chance (0), | do sometimes when | have
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achance (1), | do most of the time when | have a chance, and
| do every time | have the chance (3) [46].

The second outcome measure, Career Maturity Inventory
Attitude Scale [43,45], is a 25-item agree (1) or disagree (0)
scale where responses form the bases for 5 subscales relating
to career decision making including orientation, involvement,
independence, compromise, and decisiveness (eg, “there is no
point in deciding on a job when the future is so uncertain,” “I
don’t know what courses | should take in school.” and “I keep
changing my occupational choice”) [45,47].

The third measure, Multidimensional Scale of Perceived Social
Support, includes a 12-item questionnaire that captures
perceived social support from various sources (ie, parents,
siblings, friends, and peers). Exampleitemsinclude “thereisa
special person who is around when | amin need,” “my family
really tries to help me,” and “I can count on my friends when
things go wrong.” The scale involves the following: very
strongly disagree (0), strongly disagree (1), mildly disagree (2),
neutral (3), mildly agree (4), strongly agree (5), and very
strongly agree (6). Scores are summed for a total score, with
higher scores reflecting higher values of social support [47].

Secondary measures include Web-based usage (ie, number of
times logged in and length of time on the forum); how much
they liked each topic, based on the Web-hosting Drupal platform
analytics. We also describe adherence with the intervention,
engagement (self-rated scale of 0-10, with higher scores
reflecting higher engagement in the program), and satisfaction
with the program as measured through open-ended questions
in the postsurveys. Other parameters explored included
recruitment accrua rates, program adherence, and satisfaction
with the intervention, along with suggestions for improvement.

Data Analysis

Data were analyzed using IBM SPSS, version 25. Descriptive
statistics were used to describe the sample characteristics at
baseline using means and SD for continuous variables and
frequencies and portions for categorical variables. t tests were
conducted to compare baseline characteristics between the
intervention and control groups. Separate analyses were
conducted for each outcome. Holm’s sequential correction will
be applied to control for type | error. Effect sizes were
determined using Cohen d, with 0.2 as indicative of a small
effect, 0.5 medium effect, and 0.8 large effect. A level of .05
was used as the criterion for statistical significance.

Qualitative analysis of the open-ended survey questions and
researcher’sfield notesinvolved 2 team membersreviewing all
data independently, and then, they compared the findings and
analyzed them thematically through an open-coding, constant
comparison approach [48]. Any discrepancies were resolved
through discussion of thethemes and reeval uated until consensus
was reached. We kept a log of the key decisions made
throughout the analysis to help improve the credibility of our
findings [48].
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Results

Sample Characteristics

A total of 13 adolescents (mean age 17.3, SD 1.88; 54% female;
range 15-21 years) completed the study, which ran from July
2016 to December 2016. A total of 6 participants had cerebral
palsy, 4 had muscular dystrophy, 2 had Charcot Marie tooth
disease, and 1 had metabolic bone disease. A total of 6
participantsin the intervention group and 4 in the control group
used an assistive or mobility device. The majority of the

Table 1. Demographic characteristics of participants and mentors.

Lindsay et a

participants (6 intervention, 4 control) were currently enrolled
in school. The remainder completed high school or were
unemployed. Therewere no significant differencesbetween the
groups on demographic variables at baseline (see Table 1).

In regard to self-rated engagement in the intervention, there
were no significant differences between the intervention (mean
5.22, SD 2.48) and control groups (mean 5.40, SD 4.56). Both
groups spent a similar amount of time on the website
(intervention: mean 1.1 hours, SD 1.3; control: mean 1.55 hours,
SD 1.85).

Demographic characteristics Participants

Intervention (n=9)

Mentors (n=2)
Control (n=4)

Age (years), mean (SD) 17.8 (1.7)
Sex (n)

Male 4

Female 5
Disability type (n)

Cerebral palsy 4

Muscular dystrophy 3

Charcot Marie tooth disease 2

Metabolic bone disease 0

Other physical disability 0
Use an assistive or mobility device (n) 6
Currently enrolled in school (n) 6
Total time spent on the website (hours), mean (SD) 1.1(1.3
Number of posts and messages, mean (SD) 6.77 (6.49)
Number of logins, mean (SD) 34.3 (59.0)
Self-rated engagement, mean (SD) 5.22 (2.48)

16.25 (1.89) 21.5(1.5)
2 1

2 1

2 1

1 0

0 0

1 0

0 1

4 2

4 2

1.55 (1.85) 6.38 (5.41)
3.0 (4.69) 35.5 (6.36)
7.25 (3.68) 99.5 (85.55)
5.40 (4.56) 7(0)

Although the intervention group logged in more times
(intervention: mean 34.3, SD 59.0; control: mean 7.24, SD 3.68)
and posted more messages on average than controls
(intervention: mean 6.77, SD 6.49; control: mean 3.0, SD 4.69),
the differences between the groups were not significant.

Primary Outcome Analysis

Our primary outcome for this study focused on the feasibility
of the Empowering Youth Towards Employment intervention.
t tests (between time 1 and time 2) were computed to examine
differences on each outcomeincluding self-determination, career
maturity, and socia support. Separate analyses were conducted
for each outcome. There were no significant differences on
outcome measures at baseline. After controlling for baseline
scores, participants in the intervention group had significantly
improved self-determination scores after the intervention
compared with those in the control group (t;,=2.49; P<.03;
d=.70; see Tables 2 and 3 for comparison of outcome measures
between the 2 groups). There were no significant differences
in career maturity or social support between the intervention
and control groups following the intervention.

http://pediatricsjmir.org/2019/1/e12088/

Program Adherence and Dosage

Mentors delivered the intervention asinstructed in the protocol
and posted a unique topic once a week. The researchers
monitored thisthrough the discussion boards. The mentor’srole
was also to respond to participant comments, which was done
majority (82%) of the time. A total of 18% of the messages
posted by participants did not get a response from mentors. A
total of 2 of these messages were follow-up responses from
participants on a specific topic. In a few instances, mentors
posted a longer, more generic statement that addressed several
different comments rather than addressing each specific
participant.

The control group ran as planned, where a research assistant
posted 1 topic per week, which included general information
and discussion questions. The researcher who posted the topics
in the control group did not respond to any of the participants
posts in the forum, as directed in the protocol. All 12 topics
were posted at the beginning of the week as prescribed, and the
full extent of the intervention was delivered to participants.
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Participant Satisfaction With the I ntervention

A total of 8 out of 9 (89%) of intervention group participants
and 4 out of 4 (100%) of the control group participants said
they would recommend the intervention to others. In their
open-ended survey responses, participants described their level
of satisfaction with the intervention and whether they would
recommend it to others. Specifically, youth in both the
intervention and control groups reported satisfaction with
receiving information and feedback. A total of 3 participantsin
the intervention and 3 in the control group reported enjoying
the information provided in the intervention, especialy the
employment preparation content and disability specific
resources. For example, a participant in the intervention group
commented that the intervention “gives alot of advice on how
to get to work where you want to and how to overcome the
disability, which is helpful” [#1-09]. Furthermore, giving and
receiving feedback was another aspect that participants (5
intervention, 1 control) appreciated. Such advice included
feedback from peer mentors related to career strategies,
overcoming disability-related challenges, and sharing

Table 2. Descriptive statistics on participant outcomes (time 1) by group.

Lindsay et a

experiences related to the intervention topics. For example, 1
intervention group participant shared:

| was able to suggest some things | did that helped
me with some of my issues which | hope helped my
colleagues. [#1-03]

Participants also expressed contentment with the Web-based
format of the intervention, stating it was “well-organized”
[#1-02] and that the Web-based format “was the easiest one to
learn from and get information from” [#1-05]. Furthermore, 7
participants in the intervention group had positive feedback
regarding the social interaction and social support components
provided through the intervention. For example, a participant
shared that they “enjoyed connecting with...the mentors because
it made the ideas of transition to postsecondary seem less
daunting”[#1-05]. Another youth highlighted a benefit of the
program:

It is very important to hear the opinions of people
with disabilities. So, if someone feel s alone they know
they're not the only ones going through certain
situations. [#1-02]

Variable Intervention group (n=9), Control group (n=4), t (df) P value Effect size (Cohen d)
mean (SD) mean (SD)

Self-determination 223 (5.17) 14.5 (3.69) 3.35(12) .06 0.88

Career maturity 13.0(3.27) 13.0(7.02) 0(12) >.99 0

Socia support 495 (21.07) 58.0 (17.7) -1.005 (12) 33 0.21

Table 3. Differencesin outcomes between experimental and control groups (time 2).

Variable Intervention group (n=9), Control group (n=4), t (df) P value Effect size (Cohen d)
mean (SD) mean (SD)

Self-determination 23.0(5.78) 13.5(7.59) 249 (12) .03 0.7

Career maturity 13.75(3.10) 15.25 (4.11) -0.71(12) 49 0.71

Socia support 495 (21.07) 60.5 (13.27) -0.946 (12) .36 0.32

One of the main goals of the intervention was to provide
employment resources and information to participants, which
was deemed as hel pful by most participants, such as participant
#1-04, who stated:

The study was very informative and helped a lot with
my plans for my career.

A participant in the control group also discussed that they
enjoyed the program because “you get good information and
tips* [#2-03].

Areas for | mprovement

Some participants had suggestions about how the intervention
could be improved. For example, some participants noted that
it would be hel pful to have more promptsto keep them engaged
throughout the 12 weeks. Lack of engagement was often
associated with personal reasons (ie, too busy or forgetting to
log in, too shy to participate, etc). For instance, aparticipant in
the intervention group explained:

http://pediatricsjmir.org/2019/1/e12088/

| enjoyed the program; however my summer became
very busy and | regret not being ableto engagein the
program. [#1-02]

Another participant suggested:

Sometimes | forgot to check the website during the
week so it would be helpful to receive an email
reminding me to check any updates. [#1-03]

One participant in the intervention group who had logged in
few times but did not post describes:

| needed greater clarity on time frame and

expectations. I'm sorry | was a passive participant

and did not engage in the discussions more. [#1-01]
A tota of 3 intervention participants and 1 control group
participant mentioned that they found it difficult to remember
to log in to the website or had limited access to a compulter,
which made it difficult to participate on aregular basis.

Other participants wanted improvements to the website. For
instance, a participant in the control group explained that they
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found the “layout of the website was confusing...and hard to
navigate” [#2-05]. Meanwhile, a participant in the intervention
group suggested:

The website could have a better Ul (User Interface)
so it has a better feel. [#1-09]

Discussion

Principal Findings

Our findings show that the Empowering Youth Towards
Employment intervention demonstrated acceptability and
preliminary evidence of impact in 1 of the outcome measures
within a sample of youth with physical disabilities. Youth with
disabilities are considered a vulnerable population that has
unique vocational needs[15]. Helping them to gain employment
skills is important because they often encounter significantly
higher unemployment rates compared with youth without
disabilities[6,49]. Therefore, providing mentoring and resources
within a Web-based forum is 1 potential way that can help to
engage youth with disabilitieswithin an accessible format [50].
Peer mentors can act as role models who help to normalize the
experience of transitioning to work for those who have a
disability. Knowing that others have gone through a similar
experience may help to increase their motivation for pursuing
vocational interests [51,52]. Youth may be more receptive to
receiving information from a peer who is closer in age [52].
Previous research shows that mentoring is a promising
mechanism that can help to enhance youth’s inclusion while
also offering support and coping strategies [53]. Web-based
platforms can also influence learning and behavior change[26].
Our study is novel in that it offers an employment preparation
program through an e-mentor platform. Most previous studies
focus on self-management and health-related outcomes.

Our results indicated significant improvements in
self-determination (large effect) among the youth in the
intervention (ie, mentored) group. Previous research showsthat
thereis a strong link between mentoring and improvementsin
self-efficacy [54], self-determination [55,56], and
self-confidence [57]. For example, Gregg et a’s [55] study
explored the effectiveness of virtual mentoring to enhance the
persistence of secondary and postsecondary students with
learning disabilities in science, technology, engineering, and
mathematics and found improved self-determination [55].
Indeed, helping youth to develop their self-determination and
self-advocacy skills is important because it is critical for
optimizing their participation and inclusion in society [58-60].

A tota of 2 of the measures within our study, career maturity
and social support, showed no significant improvement
following the intervention. These findings are somewhat
surprising and contrast other e-mentor interventions focusing
on youth with visual impairments and blindness (using amixed
format including face-to-face and group-based activities, email,
and phone calls) that found significant improvement in career
decision making [61]. Another study involving 8 e-mentoring
sessions to enhance the transition to college for youth with
disabilities [62] found significant improvements in career
decision self-efficacy. This discrepancy could be partly aresult
of the small sample size, differences in the disability types

http://pediatricsjmir.org/2019/1/e12088/
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explored, the length of the mentoring interventions, differences
inthe measures used, and lack of control groupsin these studies.

Research showsthat early vocational experiences are associated
with the development of career maturity and vocational identity,
contributing to a positive career trajectory [33,34]. Vocational
maturity is characterized by the extent to which oneis concerned
with seeking out acareer choice; investigating and planning for
an occupation; stable occupational preference over time; redistic
attitudes toward work; and habits, interests, and abilities that
match one’s occupational preference [33,63]. Most studies
exploring career maturity among youth with disabilities focus
on the college age[31]. Given that the average age of our sample
was younger, it could be that youth are still very early on in
their devel opment and need moretime and experienceto further
develop their career maturity.

Our results also showed no significant improvements in social
support within the time frame of this study. This finding could
be aresult of the social support provided by peer mentors (eg,
encouragement and sharing experiences), perhaps acting as a
mediating factor affecting self-determination [32]. For example,
research shows that employment success can be achieved
through social relationships [64] or perhaps, the participantsin
our study aready had good support systemsin place from family
and friends. Someresearch suggeststhat the e-mentoring process
lacks verbal communication cues, which result in more
impersonal or superficial relationships between mentor and
mentee, and therefore, moreinformal or conversational language
should be used to encourage closeness [53,65]. Interestingly,
participants expressed satisfaction in social interactions and
support from the intervention in the open-ended survey
responses.

Our findings highlighted participants satisfaction with the
intervention, and the majority would recommend it to other
youth. Somewhat surprising, however, isthat their self-reported
levels of engagement were somewhat |ower than expected. This
could have been because of the 12-week length of the program
and many youth were busy with school and often found it
difficult to participate as often as they would have hoped to.
We observed that engagement levels, based on the number of
posts per topic, decreased over the course of the 12-week
intervention. We recommend that the research team and youth
mentors check in more regularly with the participants to help
keep them engaged throughout the intervention. Other studies
on mentoring among youth with disabilities show that having
small group activities[66] and family support [21,67] can help
keep participants engaged, along with timely responses from
mentors [65].

Our results showed lower than expected engagement levels,
which suggest that the intervention may not be appropriate in
its current form for youth with physical disabilities. The
intervention could benefit from flexibility in the length of the
program to increase acceptability to a larger group of youth.
Some youth may have found it difficult to remain engaged for
12 weeks, especially with ongoing school commitments. Our
findings are consistent with past research focusing on youth
without disabilities, showing that maintaining engagement of
participants within an e-mentor format can be challenging, and
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engagement may decrease astheintervention progresses[68,69].
Onetopic per week may also not be enough interaction to keep
youth engaged, as research shows that frequent and consistent
contact is useful for a successful mentoring relationship
[65,70,71]. Therefore, we recommend that a shorter, more
condensed format, perhaps over the summer monthswhen youth
are not as busy with school, may be more suitable.

Limitations and Future Directions

It is important to consider the limitations of this study, which
focused on thefeasibility and initial impact of theintervention.
First, we were underpowered in some of the analyses. Our
sample sizewas small, and werecruited from only 1 site, which
limits the generalizability of the findings. Second, some youth
who completed a presurvey and participated in the discussion
forum did not complete a postsurvey, which excluded them
fromthe analysis. Thiswas particularly the case for the control
group. Therefore, it is important to note that more of the
participants in the intervention group stayed in the study. The
design of futureinterventions should consider how to maintain
engagement of participantswho arein the control group. Third,
weincluded varioustypes of physical disahilities, and each have
different needs and concerns regarding preparing for
employment and could have affected the results. Fourth, we
were unableto determine the number of participants who looked
at the resources and modules and the amount of time that they
spent looking at them, which is an important factor that could
influence the outcomes that we explored. Finally, the host
website that we used for thisintervention went through several
upgrades during the course of theintervention that caused some
technical difficulties that some participants experienced. This
could have affected their participation and engagement in the
study.
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Future studies should be directed in several areas. First, given
therelatively low self-rated engagement levels, future research
should have specific engagement strategiesto keep participants
engaged (in both the intervention and the control groups). This
could involve regular check-ins to seeif participants need any
help with posting, reminders to contribute to the discussion, or
involving avariety of different components such asface-to-face
or in-person components [19]. Further support may be needed
for participantswho are shy or reluctant to post. Finally, further
research should explore whether any potential gains from this
or other similar interventions last over the long term.

Conclusions and I mplications

The Empowering Youth Towards Employment intervention is
promising in that it enhances self-determination among youth
with physical disabilities. There is a growing emphasis on the
importance of including a process evaluation as part of an RCT
[72]. This study shows that a process evaluation can provide
valuable information about an intervention, which is critical if
it going to be fully implemented into practice. Furthermore,
findings from the process evaluation will help interpret the
outcomes of the intervention. Our results show that the length
of the intervention seemed too long for both the mentors and
the participants. We recommend condensing the length of the
intervention into a 1-month format that would also fit into the
youth's schedule. It is important to balance addr essing the
primary mentoring goal of helping youth to develop
employment-related skillswith fostering ameaningful mentoring
relationship with participants. We recommend that further
mentor training and ongoing support is needed to help facilitate
this. Furthermore, our results suggest that there is value in
having peer mentors who have a disability. Most previous peer
mentoring studies have amentor that does not have a disability.
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Abstract

Background: Youth with disabilities are more likely to live in poverty and be unemployed compared with youth without
disabilities. Such trends are often a result of a lack of support, inaccessible jobs, environmental barriers, and discriminatory
attitudes toward people with disabilities. Youth with disabilities also face barriers in accessing vocational preparation programs.
One encouraging way that could hel p address challengesthat youth encounter is by providing support through electronic mentoring
(e-mentoring).

Objective: The objective of this study was to assess the feasibility of a 4-week Web-based peer e-mentoring employment
intervention for youth with physical disabilities.

Methods: We conducted a pilot randomized controlled trial (RCT) to evaluate our intervention, Empowering youth towards
employment. Participants included youth aged 15 to 25 years who were randomly assigned to an experimental (mentored) or
control (nonmentored) group. Our intervention involved having trained youth mentors (ie, near peers who also had a disability)
lead Web-based discussion forums while offering peer support and resources, which involved 12 modules (3 topics a week for
4 weeks). Primary outcomes focused on implementation (ie, feasibility and acceptability), whereas secondary outcomes focused
on effectiveness (ie, measures of self-determination, career maturity, and social support).

Results: A total of 28 youth (mean age 19.62, SD 3.53; 14/28, 50% female) completed the RCT in 3 intervention groups and
2 control groups (intervention n=18, control n=10). Participants reported satisfaction with the program and that it was feasible
and acceptable. Youth's mean engagement level with the program was 6.44 (SD 2.33) for the experimental group and 5.56 (SD
3.53) for controls. Participants in the intervention group did not demonstrate any significant improvements in social support,
career maturity, or self-determination compared with those in the control group. No adverse events were reported.

Conclusions: The Empowering youth towards employment e-mentoring intervention needs further testing with alarger sample
and different length of formats to understand how it may have an impact on employment outcomes for youth with disabilities.

Trial Registration: ClinicaTrials.gov NCT02522507; https.//clinicaltrials.gov/ct2/show/NCT02522507 (Archived by WebCite
at http://lwww.webcitation.org/77a3T4qrE)
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Introduction

Background

Thereisagrowing literature highlighting the benefits of having
a diverse workforce and, particularly, hiring people with
disabilities [1]. Although there have been many encouraging
improvements in this area, people with disabilities, and
particularly youth, continue to experience lower employment
rates compared with youth without disabilities. For example,
the employment rate for youth in Canada aged 20 to 24 years
with a severe disability is 35% and youth with a mild or
moderate disability is57% compared with 87% of youth without
disabilities[2]. A similar pattern exists for youth aged 15to 19
years where 40% of those with disabilities are employed
compared with 51% of youth without disabilities [3]. Gaining
employment skills is important because engagement in paid
employment isasocial determinant of health that islinked with
improving independence and quality of life [4-6]. Many youth
with disabilities would like to work and are capable of doing
so but encounter many barriers in preparing for and finding
employment [ 7-9]. Even more concerning isthat 34% of youth
with disabilities, aged 16 to 24 years, are neither working nor
in school [10].

Employment preparation programs are often not designed to
meet the needs of youth with physical disabilities [6,11].
Although some programs exist, they are mostly focused on
youth with developmental or intellectual disabilities. Youth
with physical disabilities arguably encounter different needs
and challenges in terms of socia development and role
functioning [5,12]. A recent systematic review focusing on
employment preparation programs for youth with physical
disabilities highlighted that thereis very limited evidence-based
programming for youth [11]. Of the handful of studiesin this
area, youth with disabilities showed promise with improvements
in self-confidence, goal setting, and knowledge of career options
[11]. Given the various challenges that youth with disabilities
encounter, more efforts are needed to help youth prepare for
and engage in meaningful employment [7].

Mentoring isapotential way to strengthen the inclusion of youth
with disabilitiesin employment while al so offering meaningful
socia support [13-15]. A mentor refersto someonewhoismore
experienced, acts as arole model, and shares experiences with
a less experienced individual. Research shows that mentoring
relationships have potential to offer informational, practical,
and emotional support; self-determination; quality of life; and
career development goals [13,16-21]. There is a small but
growing literature on mentoring programs for youth with
disahilities, most of which hasfocused on traditional face-to-face
mentoring. A main challenge with thistype of mentoring isthat
it is often difficult to find and access mentors [13]. Therefore,
apotential advantage of electronic mentoring (e-mentoring) is
that it isin a format that allows for flexibility in matching a
mentor with amentee and al so has asynchronous communication
[22]. E-mentoring can help to overcome inequities and provide
opportunities to underserved groups such as youth with
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disabilities [14,15]. Given that Web-based platforms can
influence learning and behavior change[23-25], they may offer
apromising way to help youth with disabilitiesto learn essential
employment preparation skills. Our intervention aims to
strengthen employment readiness skills of youth with
disabilities, including their self-determination, career maturity,
and social support, al which canimprove employment outcomes
[13,15,26-28].

Objectives

Our objective wasto assess the feasihility (ie, pilot randomized
controlled trial [RCT]) of a 4-week e-mentoring intervention
focused on youth with physical disabilities for improving
self-determination, career maturity, and socia support compared
with controls.

Methods

Design

We used apilot RCT with an embedded qualitative design [29]
to assess the feasibility of the Empowering youth towards
employment (ie, 4-week e-mentoring) intervention for youth
with physical disabilities. We followed the Medical Research
Council Framework for the development and evaluation of
RCTsto guide our design [30]. Wefocused on the devel opment
and feasibility phase to ascertain the theoretical foundations
and to assess the feasibility of intervention components [6,30].
Theintervention group received mentorship from trained youth
mentors who guided them through 12 module topics in a
Web-based forum [6]. The control group only had accessto the
Web-based modules and did not receive mentorship.

The content of our intervention was based on several systematic
reviews conducted by our team focusing on employment
preparation interventions for youth with physical disabilities
[11], improving the inclusion of people with disabilitiesin the
workforce [31], and best practices of peer mentorship for
improving employment outcomes for youth with disabilities
[13]. Needs assessments with youth who have a physical
disability also informed the types of informational and social
support they look for in a Web-based format [12,32].

Sample and Recruitment

Werecruited youth from apediatric rehabilitation hospital from
April 2017 to August 2018. A researcher sent invitation letters
to potentially eligible participants meeting the following
inclusion criteria: able to read and write in English, aged 15 to
25 years with a physical disability, have access to acomputing
device with internet access, currently enrolled in or recently
completed a high school diploma in the applied or academic
stream, and have no paid work experience [6]. We define
disability asan impairment, activity limitation, or participation
restriction whereby a disability and functioning are shaped by
interactions between health conditions and contextual factors
[33]. We excluded youth who had recently completed or who
were currently participating in employment preparation or peer
support intervention [6].
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Figurel. CONSORT flow diagram.
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Our am was to achieve a sample of approximately 80
participants (40 experimental and 40 control) [6] with an alpha
of .05 and power of 80% based on the guidelines of Cohen [34]
and Hertzog [35]. A total of 37 participants met the inclusion
criteria and provided written consent. We used a block size of
up to 10 participants who were randomly assigned into an
experimental (ie, mentored) or control group (nonmentored; see
Figure 1 for trial schema). We ran 5 different groups in the
summers of 2017 and 2018, of which 3 were experimenta and
2 were control. A total of 7 participants (5 experimental and 2
control) did not complete the postsurvey, and 2 participants
dropped out of the study before completion. Moreover, 28
participants completed the intervention and postsurveys (18
experimental and 10 controls).

Setting
Youth received accessto a password-protected areaof awebsite,
AbilityOnline, a safe forum for youth with disabilities.
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Peer Mentors

Each intervention group had a paid mentor including youth (ie,
near peers) who had lived experience with aphysical disability,
were currently enrolled in postsecondary education, and had
completed a 3-day Youth Peer Mentor training program held
at a pediatric rehabilitation hospital [36]. A total of 2 of the
experimental groups had 1 male and 1 female mentor who led
the discussions, and 1 group had 1 male mentor. We aso held
project-specific training sessions that taught mentors about
active listening, perspective taking, confidentiality, maintaining
boundaries, positive role modeling, and trust building [6]. We
instructed the mentors to introduce the topicsin the same order
and to respond in a supportive and positive means [6].

Procedures and Randomization

Ethics approval was obtained from a pediatric hospital and a
university. A research assistant screened all potential participants
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for inclusion and obtained written informed consent before
including them in the project. After participants consented, they
were randomized into an experimental or control group, with
up to 10 participants per group (see Figure 1) [6,37]. A
researcher then emailed the presurvey to each participant via
REDCap. She then informed them of their group assignment
and gave them instructions on how to log in to the project
website.

I ntervention (Experimental Group)

The Empowering youth towards employment (ie, 4-week
e-mentor) intervention was developed to provide socia and
informational support regarding employment preparation for
youth with disabilities [6]. The evidence-informed content
[11,13] was cocreated with a knowledge user advisory group
consisting of youth with disabilities and parents[6]. The content
involved 12 modules where 3 different topics were delivered
each week for over 4 weeks. Thetopicsincluded thefollowing:
introduction and goal setting, life skills, managing disability at
work, family role in supporting employment, aspirations and
expectations, volunteerism, finding a job, social networking
and community resources, preparing for job interviews, learning
from professionals with disabilities, career pathways and
transitions, and referrals [6]. The modules included interactive
materials and resources that youth could go through on their
own and at their own pace. The experimental group had access
to 1 or 2 trained peer mentors through a password-protected
Web-based (asynchronous) discussion forum [6]. Each module
topic was led by a trained mentor and held in a group-based
format, involving up to 10 youth participantsand 1 to 2 mentors
[6]. The youth mentors used a script to introduce each topic in
the same way; however, they were encouraged to share their
own relevant experiences. An earlier pilot 12-week version of
this intervention is reported elsewhere [6,38]. On the basis of
participant feedback that the original format of the program was
too long, we condensed the format from 1 weekly topic for 12
weeks to 3 topics per week over 4 weeks [38].

Control Group

Participantsin the control group (up to 10 per group) were given
access to a separate password-protected area of the Web-based
forum where they could see the modules but did not receive
peer mentorship. Each modul e topic was posted by aresearcher
with the same timing as the experimental group, but they did
not reply to posts. Participants could interact with other
participants in the control group through the discussion forum,
however, this was not moderated [6].

Outcome M easures

Primary outcomes of this study focused on implementation of
the 4-week Web-based peer mentoring intervention asmeasured
by recruitment and withdrawal rates, adherence with the
intervention (ie, length of time online and number of times
logged in), proportion of completed questionnaires, and
engagement and satisfaction (ie, self-rated engagement in the
study, whether they would recommend the program to others,
and open-ended questions to assess satisfaction) [6].
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Secondary outcome measures of this study focused on the
preliminary estimates of effectiveness of the 4-week Web-based
mentoring intervention. In our pre-post surveys, we collected
demographic information and the following standardized
measures. career maturity inventory attitude scale [39,40],
multidimensional scale of perceived social support [41], and
self-determination [42]. Each of these measures have been used
for youth with disabilities and have good test-retest reliability,
internal consistency, and construct-related and criterion validity
[40,42,43]. The career maturity inventory attitude scale is a
24-item scale including agree and disagree items relating to
career decision making (orientation, involvement, independence,
compromise, and decisiveness) [26,40]. The multidimensional
scal e of perceived social support isa12-item questionnaire that
captures perceived support from several sources[41]. Thescores
are summed for a total score where a higher score indicates
higher perceived social support [41]. Findly, the Arc's
self-determination [42] is a self-report measure for adolescents
with disabilities, with subscales on autonomy, acting on the
basis of preferences, abilities, postschool directions, goal setting,
and task performance.

Data Analysis

We analyzed the data using IBM SPSS, version 25. We used
descriptive statistics to describe sample characteristics at
baseline using means and SD for continuous variables and
frequencies for categorical variables. We performed t tests to
compare the baseline characteristics between the experimental
and the control groups, separate analyses for each outcome.
Analyses were conducted using an intent-to-treat approach.
Linear regression models were used to test the intervention
effects on outcome measures using an analysis of covariance
with posttreatment measures compared between groups using
baseline scores as covariates. A level of .05 was used as the
criterion for statistical significance. The Holm sequential
correction technique was used to control for type | error. We
calculated effect sizesusing Cohen d where 0.2 indicatesasmall
effect, 0.5 medium effect, and 0.8 large effect.

Qualitative data (ie, open-ended survey questions) were analyzed
thematically [44] to explore reasons for their satisfaction or
dissatisfaction with the program and areas for improvement.

Results

Sample Characteristics

A total of 28 youth aged 15 to 25 years (mean age 19.62, SD
3.53; 14/28, 50% female) completed the Web-based program,
split between the intervention and control groups. In addition,
12 youth had cerebral palsy, 6 with Duchenne muscular
dystrophy or other neuromuscular disorder, 7 with spinabifida,
and 3 with other (nonspecified) physical disabilities. Moreover,
22 of the 28 youth (78%) used an assistive or mobility device,
and 19 out of 28 youth (68%) were currently enrolled in school.
Therewere no significant differencesin demographic variables
or comfort with computers and discussion forums between the
experimental and control groups at baseline (see Tables 1 and
2).
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Table 1. Demographic characteristics of participants and mentors.
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Demographics Participants

Experimental (n=18)

Mentors (n=3)
Control (n=10)

Age (years), mean (SD) 19.77 (3.49) 19.4 (3.56) 22 (2.64)
Sex, n (%)
Male 8(44) 6 (60) 2(67)
Female 10 (56) 4 (40) 1(33)
Disability type, n (%)
Cerebra palsy 6 (33) 6 (60) 0
Duchenne muscular dystrophy and neuromuscular 3(17) 3(30) 0
Spina bifida 6 (33) 1(10) 0
Other physical disability 3(17) 0 3(100)
Use an assistive/mobility device, n (%) 15(83) 7 (70) 3 (100)
Currently enrolled in school, n (%) 11 (61) 8(80) 2(67)
Table 2. Participant use and engagement in the program.
Variable Participants, mean (SD) Mentors, mean (SD)
Experimental Control
Comfort with computers 2.58 (0.65) 2.46 (0.66) _a
Comfort with discussion forum 1.54(0.72) 1.62 (1.04) —
Time spent on the website, hours 5.22 (4.95) 2.95 (2.47) 25.3(22.3)
Number of logins 7.17 (6.00) 7.66 (5.02) 72.3 (78.05)
Number of messages 8.58 (6.02) 8.11 (4.85) 65.6 (46.49)
Self-rated engagement 6.47 (2.40) 5.56 (3.53) 7.25(0.27)

3Not applicable.

Time Spent Online

The experimental group spent more time online (mean 5.22,
SD 4.95) compared with the control group (mean 2.95, SD 2.47)
and posted slightly more (experimental: mean 8.58, SD 6.02;
controls: mean 8.11, SD 4.85), although the difference was not
significant (see Table 2). Meanwhile, the mentors spent an
averageof 25.3 (SD 22.3) hoursonline, mean of 72.5 (SD 78.05)
logins to the website, and mean 65.6 (SD 6.49) posts. Both
groupslogged in asimilar average amount (experimental: mean
7.17, SD 6.00; controls: mean 7.66, SD 5.02).

Recruitment

We sent information packagesviamail or email to 812 potential
participations. A researcher followed up with participants via
phone or email about 1 week after initial contact to assess for
potential interest in the study. Youth who were interested in
taking part were screened for igibility, and if interested, they
signed a written consent form. We reached and assessed 309
participants for eligibility. A total of 503 potential participants
were unable to be contacted to participate in the study (see
Figure 1 for reasons). Moreover, 37 participants were
randomized (24 in the 3 experimental groups and 13 in the 2
control groups) and 28 completed the intervention or control
and the postsurvey.
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Engagement and Satisfaction With the I ntervention

The experimental group reported ahigher self-rated engagement
(mean 6.44, SD 2.33) compared with the control group (mean
5.56, SD 3.53), athough the difference was not significant.
There was a significant difference between the experimental
group reporting that they would recommend the program to
others compared with fewer of the controls 100%, (18/18)
experimental and 78% (7/9) controls (P=.04). In the open-ended
survey comments, participants described what they liked most
about the program, including the career and life-skills content,
shared experiences with mentors and other participants, and the
format of the intervention (see Table 3).

Secondary Outcome Analysis

Parameters for our secondary outcome anaysis explored
recruitment and accrual rates, satisfaction with theintervention,
and suggestions for improvement. Marginad models were
computed to examine group differences on each outcome. No
significant differences on outcome measures were noted at
baseline. After controlling for baseline scores, no significant
differences were found in career maturity, self-determination,
or social support between the experimental and control groups
after the intervention (see Table 4 for the comparison of
secondary outcome measures between the 2 groups).
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Table 3. Overview of themes and representative quotes. Quotes are provided in italics, the Participant ID isin brackets.

Theme

Experimental group

Control group

Engagement and sat-
isfaction

Connecting and
learning from others

Module content

Thisisatopic | have to start thinking about...it initiated some good con-
ver sations between my mother and me. [#1-04]; It made me think about
the things that are important for finding a job. [#2-08]

The responses from the mentors made me feel what | had to say meant
something. It was so neat to learn from other’s experiences and how |
could relate. [#1-01]; (I liked) how there were other clientswith a disabil-
ity struggling with the same thing | amin terms of job searching that |
can sort of relate to. [#2-02]; The different aspectsand questionsthat were
presented made me think about problem-solving skills...you don't feel
alone and you get different viewpoints from others. [#2-04]; As someone
who is preparing themselves for work, | found that reading the strategies
that were provided by the other participantsin the study group was very
helpful to me, as| can utilize them and apply themto my own job search.
[#1-03]

Most topics were very thought provoking which allowed me to develop

This program prepares you for how to find work
and shows the different steps. [#5-02]; It covers
things that school doesn't. [#3-07]

My favorite part of the program was reading other
participants responses. [#4-06]

Being able to read other posts and see the differ-

thought-out personal answers. [#1-02]

Areas for improve-
ment

The website was challenging to use. [#5-03]

ences and similarities. | enjoyed the modules
(power points) with useful knowledge. [#4-03]; |
feel like the programdid a good job of teaching
how to get a career with a disability. [#3-07]

More people on at once and face-to-face interac-
tions. [#5-03]; If there were more interaction and
discussion, it would be more useful. [#4-06]; | al-
ready struggle with communicating to strangers so
| was reluctant to comment on others posts. [#4-
03]; I just hope next time the website works bet-
ter...whenever | triedtologin| had a problemwith
my password. [#5-01]

Table 4. Descriptive statistics on participant outcomes by treatment condition.

Variable Pretreatment, mean (SD) Posttrestment, mean (SD) Test statistic P value Effect size
F (df) (Cohen d)
Experimental Control Experimental Control
Self-determination 17.76 (8.67) 22.77 (7.59) 17.94 (7.33) 2550 (9.31) 3.01(27) 97 0.9
Career maturity 13.93 (4.59) 15.00 (4.27) 14.11 (4.55) 15.57 (4.57) 0256 (27) .61 0.32
Social support 56.82 (8.04) 55.22 (14.92) 51.82 (16.24) 59.22 (13.84) 2.10 (27) 16 0.49
Discussion Our results indicate that the Empowering youth towards

Principal Findings

Improving the employment preparation skills of young people
with disabilities is important for enhancing their inclusion in
the workforce. Youth with disabilities continue to experience
higher unemployment rates compared with youth without
disabilities [7,45]. Consistent research shows that mentoring
can help to improve academic and employment outcomes[13].
Offering peer mentorship through an accessible format may
help to provide socia support to youth with disabilities while
engaging them to learn about employment preparation skills
[6,13]. Our study addresses an important gap in the literature
by offering a Web-based, group-based peer mentoring
intervention to help youth with physical disabilities prepare for
employment. Many youth with physical disabilities have
difficulty accessing vocationa training. A virtual learning
environment can offer a space for participants to access key
resources [46].

http://pediatricsjmir.org/2019/1/612653/

employment intervention was feasible and acceptable to the
participants. Our findings show that the majority of participants
were satisfied with the intervention and would recommend it
to other youth. In the qualitative feedback, participants reported
that the program was beneficial for employment preparation
and interacting with other youth that have adisability, especially
those in the experimental groups. Participants in the control
groups reported satisfaction with content and employment
readiness. These results are encouraging and help to show that
there is a need for the content. Few participants within the
control group described social interactions or sharing
experiences with other youth, which could be because of the
lack of a mentor to facilitate conversation. We also observed
that among the few participantsthat posted in the control group,
there was very little interaction between the participants.
Previous studies show that having a moderator in a discussion
forum can help participantsto feel at ease while also providing
information [46]. Given that both the experimental and control
groups reported valuing the support provided, further work is
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needed to fully tease apart how much these onswerevalued
because of the mentor’s presence or because of the contact with
and shared information with peers and overall social support.

The findings revealed that the self-reported engagement in the
study was somewhat lower than that expected for participants
in both the control and experimental groups. Other research
similarly shows that maintaining engagement of participantsin
an e-mentoring study can be difficult [47,48]. The relatively
low engagement in our study indicates that the intervention
format and length might need adjustment and further testing.
We decided to have a 4-week version of this e-mentoring
intervention to account for youth’s busy schedules during the
school year; thus, we ran our intervention in the summer months.
Their low engagement level s could have been because of youth’s
involvement in other activities and because they lacked timeto
participate fully in the program. Future studies should consider
how best to keep youth engaged, perhaps through reminders or
having a variety of different components (face-to-face, either
in person or through Skype, and Web-based, etc), or embedded
in another type of therapy or educational program. It may also
be helpful to organize more synchronous, group-based
discussions.

Thefindings of our secondary outcomes showed no significant
differences between the experimental and control groups on
self-efficacy, self-determination, or social support. Theseresults
differ from the outcomes of our 12-week version (ie, 1 weekly
topic) of this intervention [6], where we found a significant
improvement in self-determination in the experimental group
compared with the controls. Although other studies on
e-mentoring interventionsfor youth with disabilities have shown
significant improvements in self-determination [20,49], very
few of these studies had RCT or other rigorous designs [14].
Of the few studies that have had an RCT design, that is,
Ammerlaan et a [49] explored the impact of their interactive,
group-based website for youth with juvenile arthritis, they also
found no significant differences between the experimental and
control groups on self-efficacy, quality of life, or
self-management. Therefore, further testing and RCTs are
needed to better understand how we can best design (ie, format,
length and content) an intervention for youth with physical
disabilities. In altering the original format of our intervention
from 12 weekly topics [38] to 3 topics per week over 4 weeks
(ie, the study reported here), we hoped to increase engagement
and potential outcomes; however, this was not the case.
Although youth reported that they liked this format, there were
no significant improvementsin the outcome we measured. These
results suggest that it may take time to see a change in social
support, self-determination, and career maturity. Further research
is needed to continue testing the optimal dosage and format of
theintervention.

Our nonsignificant findings contrast some other studies using
an e-mentor approach for youth with disabilities. For example,
Bell [50] focused on youth with vision impairments and found
significant improvementsin career decision-making. Theformat
of their intervention involved severa components including
face-to-face, group-based activities, email, and phone calls[50].
Meanwhile, Kim-Rupnow and Burgstahler [51] had a
Web-based group mentoring program for youth with various
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types of disabilities and found significant improvements in
career options, employment preparedness, perseverance, social
skills, and self-advocacy. These previous studies suggest that
several components are needed to help keep youth engaged in
the program, an issue that was noted by the youth’s self-reported
engagement and also in their postsurvey comments. Most other
research using an e-mentor intervention for youth with
disabilities do not have a control group [14] and might account
for some of the nonsignificant findings. Our results could also
reflect that youth need more time to develop their career
decision-making skills, which is something that may not be
captured within a 4-week time frame.

Although the qualitative feedback from participants was
encouraging regarding the social support they received during
theintervention, thiswas not sufficient for detecting asignificant
difference in outcomes between the experimental and control
groups. These findings may be because of it being a pilot and
having insufficient power to detect changes. It could aso be
partly aresult of the format or length of the intervention. For
example, some youth expressed that they wanted more
group-based and synchronous chats, which could help to
improvetheir engagement and overall feeling of support. Other
research on e-mentoring for youth with disabilities shows that
such a forum can offer solution-focused support and shared
experiences [52]. Previous studies show that a limitation of
electronic forms of mentoring include that such forms of
communication lack verbal cues and can result in impersonal
relationships [14].

Limitations and Future Directions

Thereare severa limitationswithin this study that areimportant
to consider. First, given that this was a pilot feasibility RCT,
the study may have been underpowered and we did not reach
our original target sample size[6] that wasrecruited from 1 site,
which limits the generalizability of the findings. Future studies
should aim to recruit from more centers and also offer youth
different timing optionsto maximize the sample size and power.
We also recogni ze that the uneven distribution of experimental
and control groups, which was because of a timing issue of
recruitment (ie, during the summer months), could have affected
the power and significance of the findings. We encountered
issues with recruitment and had a low overall response rate.
Future studies should consider recruiting through different
mediums (ie, social mediaand Web-based forums), broadening
theinclusion criteria (agerange, disability type, and employment
experience), and partnering with other organizations. Second,
we were unable to establish how much time each participant
spent reviewing the modules, which could influence their
employment preparation skills, career maturity, and
self-determination. Third, there were several technica
difficulties with the website over the course of the study (ie,
difficulties logging in, glitches because of website upgrades,
etc). Fourth, there was staff turnover in the mentors who lead
the discussion forum. Although they were provided the same
training and had a similar level of experience, this could have
affected outcomes. Fifth, weincluded various types of physical
disabilities that differ in nature and how this could influence
salf-management of their condition [53] and youth employment.
Future studies should consider focusing on a specific disability
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type. Finally, the dosage of the intervention varied depending Conclusions
on how much people logged in and may have influenced
outcomes. Other studies on e-mentoring for youth with
disabilities have involved email, virtual environments, Skype
video calls, and phone calls. Future research could consider
incorporating some of these formats [14]. A recent review of
e-mentoring for youth with disabilities found that the majority
of studies involved one-to-one mentoring and some had a Further adaptationsto the format (including various components)
combination of both one-to-one and group-based mentoring and length of the intervention are needed to increase the
[14]. Thus, future studies should consider offering morethan1 ~ acceptability to larger proportions of youth with physical
approach to maximizeyouth’sengagement in the study. Further ~ disabilities. An RCT with an adequate sample size is required
work is also needed to explore any potential gains from such  to assess the overall effectiveness of the program.
interventions on employment over the longer term.

In conclusion, the Empowering youth towards employment
intervention demonstrated that it is feasible and acceptable to
the youth participants, however, we found no significant
improvements in social support, self-determination, or career
maturity compared with the controls.
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Abstract

Background: Theincreasing prevalence of excessive screen time (ST) among children is a growing public health concern, with
evidence linking it to an increased risk of overweight and obesity among children.

Objective: This study aimed to explore the beliefs, attitudes, and practices of Brazilian immigrant mothers living in the United
States related to their preschool-age children’s ST behaviors.

Methods: A qualitative study comprising 7 focus group discussions (FGDs) was conducted with Brazilian immigrant mothers
living in the United States. All FGDs were audio-recorded and professionally transcribed verbatim. The Portuguese transcripts
were analyzed using thematic analysis.

Results: In total, 37 women participated in the FGDs. Analyses reveaded that although most mothers expressed concerns for
their preschool-age children’s ST, nearly all viewed ST as an acceptable part of their children’s daily lives. Furthermore, mothers
perceived that ST has more benefits than disadvantages. The mothers' positive beliefs about (eg, educational purposes and
entertainment) and perceived functional benefits of ST (eg, ability to keep children occupied so tasks can be completed and
facilitation of communication with family outside the United States) contributed to their acceptance of ST for their preschool-age
children. Neverthel ess, most mothers spoke of needing to balance their preschool-age children’s ST with other activities. Mothers
reported using several parenting practices including monitoring time and content, setting limits and having rules, and prompting
their children to participate in other activities to manage their preschool-age children’s ST.

Conclusions: Thisstudy provides new information on the beliefs, attitudes, and practices of Brazilian immigrant mothersliving
in the United States related to their preschool-age children’s ST. Study findings revealed several potentially modifiable maternal
beliefs and parenting practicesthat may provideimportant targetsfor parenting- and family-based interventions aimed at limiting
preschool-age children’s ST.

(IMIR Pediatr Parent 2019;2(1):€11791) doi:10.2196/11791
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Introduction

Background

Theincreasing prevalence of excessive screentime (ST) among
children is a growing public health concern [1-3]. ST is time
spent with any type of screen, including mobile phones, tablets,
televisions (TVs), video games, computers, etc [4]. A growing
number of studies have documented excessive ST (=2 hours
per day) among preschool-age children (aged 2 to 5 years)
[4-11], and some studies have linked excessive ST to an
increased risk of overweight and obesity among children
[4,12,13].

Preschool-age children’s increasing ST has prompted severa
countries, including the United States, to develop ST guidelines
[4,14,15]. The American Academy of Pediatrics (AAP) ST
guidelines updated in 2016 encourage parents and guardians of
preschool-age children to limit ST to equa to or less than 1
hour per day [4]. In addition, AAP recommends that parents
and guardiansrestrict ST during mealtimes and keep ST devices
including TVs out of children’s bedrooms [4]. Nevertheless,
evidence shows that many children have more than 1 hour of
ST daily, have TVsin their bedrooms, and watch TV during
meals [16-18]. Moreover, research conducted in the United
States has identified socioeconomic and racial and ethnic
disparitiesin ST among children [18-21].

Much of the available research examining ST among children
has focused on TV viewing and indicates that the amount of
TV time and presence of a TV in a child's bedroom are
associated with an increased risk of overweight and obesity
[22-25]. Similarly, recent research is starting to document that
the use of other ST devicesis associated with an increased risk
of overweight and obesity [12,13,26,27]. Several mechanisms
have been hypothesized to explain this association, including
the idea that ST displaces physical activity and contributes to
itsdecrease[1,4,24]. It also has been hypothesized that ST leads
to an increased energy intake due to eating during ST, and that
exposureto food marketing affects children’sfood and beverage
attitudes, preferences, purchase requests, and consumption (eg,
advertisement of energy-dense and low nutrient—dense foods).
Furthermore, it also has been hypothesized that ST contributes
to reduced sleep duration and increased sedentary time (ie, low
energy expenditure), which contribute to an increased weight
status [4,12,24,26-28].

I nterventions designed to reduce excessive ST in early childhood
may have health benefits during childhood but may also help
reduce chronic disease risks when heathy ST behaviors are
carried into adulthood [ 13,29-31]. Many habits children develop
during early childhood are established at home, making the
home an important early socia environment where children
devel op habitsthat impact their weight status and health [30-33].
Parents play a central role in establishing a home environment
that promotes or hinders the process of children developing
healthy habits including ST [34,35]. Evidence suggests that
parents beliefs, attitudes, role modeling, and ST parenting
practices (eg, establishing and enforcing ST rulesand monitoring
ST) influence children’s ST [34-36]. Recent studies have begun
to document parental perceptions of young children's ST and
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parental ST practices [33-36]. However, research examining
parenting and early childhood ST among |ow-income, minority,
and immigrant parentsisstill limited [8,19-21,26]. Thisresearch
is needed to develop and refine interventions tailored to meet
the needs of these population groups that are at increased risk
of obesity and related chronic diseases [6,13,24,28].

Objectives

Braziliansare arapidly increasing L atino immigrant population
group inthe United States, but only limited research hasfocused
on health-related behaviorsthat may affect Brazilian immigrant
children's hedth [37]. Brazilians share many cultural
characteristics with other Latin American population groups
but represent many different ethnic backgrounds, including
Africans, Europeans, and native Brazilians[37,38]. Portuguese
is the official language of Brazil and an important cultural
difference between Brazilians and other Latin American
population groupsthat primarily speak Spanish [38]. According
to the 2006 to 2010 American Community Survey of the
approximately 400,000 Brazilianimmigrantsliving in the United
States, nearly half live in the northeastern states, mostly in
Massachusetts (MA, about 19%), New York, and New Jersey
[37]. A recent study conducted in the Greater Boston area of
MA found that 48.2% of Brazilian immigrant children (aged 3
to 12 years) were overweight or had obesity [39].

Understanding parents’ beliefs, attitudes, and practices related
to their preschool-age children’'s ST is essentia for the
identification of modifiable factors that can be addressed in
interventions designed to discourage excessive ST and ultimately
reduce the risk of obesity. No existing research conducted in
the United States, to our knowledge, has examined Brazilian
immigrant mothers' beliefs, attitudes, and practices related to
preschool-age children’s ST. This exploratory qualitative study
addresses this research gap.

Methods

Study Design, Setting, and Sample

This study was conducted in 2 MA citiesand is part of alarger
ongoing mixed-methods research study (113 unique families
to date) with Brazilian immigrant familiesliving in the Greater
Boston area, MA, examining parenting styles and parenting
practices related to the risk of childhood obesity (eg, eating,
physical activity, sleep, and ST) [40-44].

Focus group discussions (FGDs) were used to gain an in-depth
understanding of mothers’ beliefs, attitudes, and practicesrelated
to ST behaviors of their preschool-age children. FGDs were
used, as they are valuable techniques for working in diverse
cultural settings because of the rich information the discussion
reveals[45].

Ethicsand Consent

This study received ethical approval from the University of
Massachusetts—Boston Ethics Board (IRB # 2013060).

Data Collection

Participants were recruited (March 2017 to August 2017)
through flyers posted at local Brazilian businesses and
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community-based social and health services agencies, as well
asthrough announcements and events at predominantly Brazilian
churches. Interested participants either called the telephone
number listed on the flyers or spoke to the study staff at church
events. The study staff assessed eligibility and invited women
to participate if they had at least one child aged 2 to 5 years,
were of Brazilian ethnicity, were born in Brazil, and had been
living in the United States for at least 12 months. Participants
also were recruited using a snowball sampling technique [43],
with women enrolled in the study asking their Brazilian friends
with preschool-age children if they would be interested in
participating in the study.

Before each FGD, the moderator (ACL ) explained in Portuguese
the study’s purpose, FGD procedures, and study confidentiality
and obtained written and ora informed consent from all
participants. A native Brazilian-Portuguese speaker (ACL),
trained in qualitative research methods, moderated all FGDsin
Portuguese using a semistructured discussion guide with
questions adapted from previous studies[29,44]. The FGD guide
explored participants' beliefs, attitudes, and parenting practices
related to their preschool-age children’s ST. The guide aso
explored mothers' beliefs, attitudes, and practices related to
physical activity and sleep [43,44]. The guide was piloted in an
FGD with 4 Brazilian immigrant mothers and then refined (eg,
rewording some questions and changing the order of some
questions) before use. Data from the pilot FGD were not
included in this study.

Before each FGD, participants were asked to think about their
preschool-age children when participating in the discussion. A
trained, bilingual (Portuguese and English) research assistant
(GDA) took notesduring all FGDs, which were audio-recorded
and lasted between 60 min and 80 min. The moderator and
research assistant met for about 15 min after each FGD to
identify new themes and review recurring themes that were
entered into a grid that was used to follow emerging themes
and to determine when data saturation occurred.

FGD participants completed a brief, self-administered
guestionnairein Portuguese at the end of each FGD that assessed
education, marital status, use of health care servicesincluding
participation in government-sponsored health and nutrition
programs (eg, Women, Infants, and Children and Supplemental
Nutrition Assistance Program), and length of time living in the
United States. Participants also completed the Short
Acculturation Scale for Hispanics, a 12-item measure scale
validated for use with Latinos, including Mexican Americans,
Cuban Americans, Puerto Ricans, Dominicans, and Central and
South Americans [46].

Data Analysis

A professional transcriptionist and native Brazilian speaker
transcribed all audio recordings verbatim. After this, 2
experienced qualitative researchers and native Portuguese
speakers (ACL and CAMA) analyzed the Portuguese transcripts
using thematic analysis, an iterative process of coding the data
in phasesto create meaningful patterns[47,48]. Each researcher
read several transcripts numeroustimesto become familiar with
the content and generate initial codes [48]. They then
independently coded transcripts manually but met regularly to
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discuss coding and to identify and resolve disagreements in
coding [48,49]. The coded text describing similar ideas was
grouped and sorted to identify emergent themes and subthemes.
Finally, salient text passages were extracted and translated into
English to be used asillustrative quotes for the emergent themes.
Descriptive statistics and frequencies were calculated for data
collected in the sociodemographic survey using Microsoft Excel
2008 (Microsoft, Redmond, WA, USA).

Participants

A total of 7 FGDs (range of 4 to 7 participants per FGD) with
Brazilian immigrant mothers (n=37) were held at the 2 local
churches between April and August 2017. Of the 37 mothers,
7 (approximately 19%) were recruited through the use of
snowball sampling technique.

Mothers were aged 26 to 41 (mean 35.3, SD 2.8) years. Most
participants were married (34/37, 92%) and had 2 children
(33/37, 89%). The majority (21/37, 72%) had graduated from
high school and owned their own housecl eaning business (34/37,
92%). Approximately half (19/37, 51%) reported a family
income of US $40,000 or less, which is considered as low
income for a family of 4 in MA, whereas the rest reported an
annual income between US $40,000 and US $60,000, whichis
considered to be alow-middle income [49]. Participants were
from 3 main regions of Brazil (eg, the Southeast [eg, Espirito
Santo, Sao Paulo, and Minas Gerais], the South [eg, Santa
Cataring], and the Midwest [eg, Goias and Mato Grosso]), with
the majority (22/37, 65%) from the state of Minas Gerais. In
addition, the mgjority spoke Portuguese at home (34/37, 92%),
watched TV in Portuguese (35/37, 95%), and reported that most
of their friendswere Brazilians (32/37, 87%). Mothershad lived
in the United States for an average of 6.7 (SD 2.84) years, and
their mean acculturation score was 1.43 (SD 0.77), indicating
that they identified more closely with Brazilian culture than
with that of the United States.

Results

Overview

A total of 7 FGDs were conducted before saturation, with no
new themes or subthemes emerging during the last FGD.
Thematic analysis identified 9 emergent themes with 11
subthemesrelated to ST, which were classified into 2 domains:
(1) mothers’ beliefs and attitudes toward their preschool-age
children’s ST behaviors (5 themes and 8 subthemes), and (2)
the home's social and physica environment impacts on
preschool-age children’'s ST behaviors (4 themes and 3
subthemes; see Multimedia Appendix 1). Multimedia Appendix
2 shows themes and subthemes with representative quotes
translated to English to illustrate findings.

Domain 1: Mothers Beliefsand Attitudes Toward
Their Preschool-Age Children’sScreen TimeBehaviors

Theme 1: Perceptions and Concerns About
Preschool-Age Children’s Screen Time Behaviors

All mothers reported that their preschool-age children had ST,
with most reporting they had between 2 and 3 hours of ST per
day. Mothers explained that ST occurred throughout the day
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but that it was most common in the early morning when they
(parents) were getting ready for work and in the evening when
they (mothers) were preparing dinner or doing household chores,
during dinner-time, and before their children’s bedtime. Some
mothers discussed that their preschool-age children had more
ST on the weekends than during the week.

Moreover, most mothers reported that they had some concern
about the quantity of their preschool-age children’s ST. In
addition, a couple of mothers felt that their preschool-age
children were “addicted” to ST. These mothers stated that their
children would often become emotional and *have meltdowns
if their devices were taken away.” In contrast, a few mothers
reported not being concerned about their preschool-age
children’s ST because they perceived their children to be active
and healthy.

Subtheme 1.1: M other sPer ceive Benefitsand Disadvantages
of Screen Time

Nearly all mothers spoke of ST having benefits for their
preschool-age children, with most perceiving more benefits
than disadvantages. Mothersviewed ST asasource of education
and felt that their children’s cognitive development benefitted
from educational ST. In addition, several mothers mentioned
that because their children are growing up in a digital era,
learning digital skillsfrom ayoung age will be beneficial when
their children are older. A few mothers spoke with pride of their
preschool-age children’s skills using different digital devices
(eg, mobile phones, tablets, and computers). Furthermore,
mothers spoke of ST dlowing their children to easily
communicate with family and friends in Brazil using video
chats. Several mothers mentioned that their children were able
to get online on their own to communicate with relatives in
Brazil.

Despite agenerally positive view of ST, many mothers also felt
that ST has negative consequences for their preschool-age
children as it can interfere with children’s outdoor play, sleep,
interest in interacting with others, aswell asfamily time. A few
mothers also stated that ST, with the exception of watching TV,
wasasolitary activity for their preschool-age children, and they
thought excessive ST might lead to decreased social interactions.

Theme 2: Reasons for Screen Time

Mothers reported 3 main reasons for their preschool-age
children’s ST: (1) entertainment, (2) education, and (3) as a
parenting tool. The majority of mothers mentioned that their
children used ST for entertainment, including watching videos
and cartoons, playing electronic games, etc. Traditional TV sets,
tablets, and mobile phoneswere the devices children used most
often for entertainment. Most mothers also reported that their
preschool-age children used ST to watch educational programs
that taught them language and math skills (eg, counting, shapes).
Many mothersallowed ST to safely occupy their children while
they did household chores or ran errands with their
preschool-age children. In addition, a few mothers used ST as
a parenting tool to manage their preschool-age children’'s
behavior in public.
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Theme 3: Maothers Accept Screen Time asan Integral
Part of Children’s Daily Lives

Although most mothers reported that they had some concern
about the amount of ST, most of them accepted ST as a part of
their preschool-age children’s lives. Mothers said that their
children aregrowing up in adigital era, with widespread access
to and of technology, and felt that it is important to recognize
and accept that their children are growing up in different times
and that technology is now an integral part of daily life.

Subtheme 3.1: Mothers Perceive a Need for Balance

Despite an overall acceptance of ST as an integral part of their
preschool-age children’s daily lives, most mothersfelt that it is
important to find a balance between alowing their children to
have ST and encouraging them to be active and play outdoors.
Nonetheless, the majority of mothers reported that they found
this challenging.

Theme 4: Socioenvironmental I nfluenceson Screen
Time

As discussed below, mothers reported that their social and
physical environment influenced their children’s ST.

Subtheme 4.1: Increased Accessibility and Affordability of
Technology in the United States

Mothers talked about the accessibility and affordability of
technology in the United States (vsin Brazil) and said that this
contributed to their preschool-age children’s increased ST.
Several mothers reported that although ST devices were less
accessible and more costly in Brazil, technology had aso
become part of daily life of their family members and friends
in Brazil.

Subtheme 4.2: Siblings | nfluence Preschool-Age Children’s
Screen Time

Several mothers mentioned that older siblings influenced their
preschool-age children’s ST behaviors. Mothers explained that
their preschool-age children were exposed to multiple types of
ST devices at ayounger age than their older children, as older
siblings had and used many types of ST devices.

Subtheme 4.3: Preschool-Age Children’s Screen Timels
Influenced by Children’ Friends

Nearly all mothers spoke of social pressures for children’s ST
and access to technology. They explained that within their
children’s social environments (eg, school, neighborhood, and
socia groups), ST was the norm and that this contributed to an
expectation and acceptability of ST being part of daily life for
their family.

Subtheme 4.4: Caregivers|nfluence Preschool-Age
Children’s Screen Time

Motherswith preschool-age children enrolled in daycare spoke
of their children’s daycare having policies related to the use of
TV and personal ST devices (eg, limited TV watching, not
allowing ST devices). Mothers felt that these policies reduced
their preschool-age children’s daytime ST. In contrast, a few
mothers whose children were cared for by grandmothers or
other relatives when they were working mentioned that their
preschool-age children had excess ST during the day. Most of
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these mothers felt that it was difficult to monitor and restrict
their preschool-age children’s ST when relatives were caring
for them.

Subtheme4.5: Adult Family Membersand Parents Friends
Influence Mothers' Perceptions of Screen Time and Their
Preschool-Age Children’s Screen Time

Mothers spoke of their perceptions of ST and their management
of ST being influenced by their husbands, family members, and
friends. Some mothers mentioned that their husbands were less
concerned about and more accepting of their preschool-age
children’s ST and that this made them wonder whether they
were worried too much.

Asdiscussed previoudly, afew mothersfelt that having relatives
care for their preschool-age children impacted their children’'s
ST. Mothers reported that they often disagreed with relatives
about the amount of ST their children should have but felt they
have little control over their preschool-age children’s ST when
they are at work. In addition, some mothers reported valuing
the opinion of their friendswho limited ST and felt that if other
parents were monitoring and limiting ST, it was easier for them
to do the same.

Subtheme 4.6: Parents Screen Time Behaviors Influence
Children’s Screen Time

Across all FGDs, nearly all mothers felt that their ST habits
influence their preschool-age children’s. They recognized the
importance of adults modeling healthy screen use, but almost
half acknowledged that they not always do this, with several
mothers mentioning that they were “always on” their mobile
phones. In addition, some mothersfelt it was difficult to set and
enforce ST limits for their children when they were often on
their own devices.

Theme 5: Screen Time IsInfluenced by the Weather

Across al FGDs, mothers reported that their preschool-age
children have more ST during the cold weather when their
children spent more time indoors and the days were shorter
(getting dark earlier). Some mothers mentioned that their
children have less ST during the warmer weather months (eg,
summer) when they have considerably more opportunities to
play outdoors.

Domain 2: The Home's Physical and Social
Environment Impacts Children’s Screen Time
Behaviors

Theme 6: Screen Devices Readily Available at Home

Mothersreported having multiple ST devicesat homeincluding
TV sets, video game consol es, tablets, iPads, and mobile phones.
Mothers perceived that thiswidespread availability of and access
to multipletypesof ST devices (stationary and mobile) impacted
their preschool-age children’s ST throughout the day. Across
all FGDs, mothers mentioned that the affordability of ST devices
in the United States increased their children’s access to these
devices. Mothers spoke of having more disposableincome since
immigrating and mentioned that this afforded their families to
have multiple types of ST devices. In addition, some mothers
said that the availability of multiple ST devices (mobile and
stationary) made it very challenging to manage their children’s
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ST. Some mothers viewed personal mobile devices as being
more problematic to manage than traditional TVs.

Theme 7: Watching Television and Playing Video Games
With Their Children

Some mothers reported that they and especially their husbands
watched TV and played video games with their children. For
example, several mothers mentioned that their husbands liked
to watch sports (eg, soccer matches, car races) with their
children. In addition, a few mothers stated that they often had
the TV on in the background while their children were playing
and when they were doing daily household chores.

Theme 8: Parenting Practices to Manage Children’s
Screen Time

The majority of mothers spoke of the importance of managing
their preschool-age children’s access to and use of ST devices.
Mothers reported that they monitored their preschool-age
children’s ST (time and content), set limits, and implemented
rules (eg, no TV during meals, no more than 1 straight hour of
ST) to manage ST use. Mothers also spoke of prompting their
preschool-age child to be active and play outdoorsin an effort
to reduce ST. Specific parenting practices used by mothers to
manage their children’s ST are discussed below.

Subtheme 8.1: Monitoring Screen Time and Content

Most mothers monitored the amount and content of their
preschool-age children’s ST to ensure that their children were
viewing age-appropriate content. Moreover, athough some
mothers monitored the amount of ST, severa reported that it
was easy to lose track of ST when they were not at home or
when they were busy at home.

Subtheme 8.2: Implementing Screen Time Rules Can Be
Challenging

Some mothers reported having rules for ST such astime limits
in the morning and evening, no ST during mealtime, etc.
Furthermore, a few mothers mentioned hiding the TV remote
control and their children’s tablets as a strategy to reduce ST
use. Nevertheless, several mothers acknowledged that setting
limits and implementing rules are chalenging. Finaly, a few
mothers reported using “warnings’ as a strategy to help their
preschool-age children transition out of ST to another activity.
These mothers felt that giving their children a “time's up
warning” helped avoid meltdowns. A few mothers admitted to
making exceptions and “breaking set rules’” and using ST when
they needed a break.

Subtheme 8.3: Prompting Children to Do Something Else

Mothers spoke of prompting their children to do something else
(eg, play outside, color, and play with toys) as a frequent
strategy to reduce their children’s ST or asastrategy to end ST.

Theme 9: Mothers Confidencein the Ability to Manage
Children’s Screen Time

When queried on their ability to manage their children’s ST,
some mothers reported they were confident in their ability to
monitor and limit their preschool-age children’s ST. In contrast,
others felt that managing their children’s ST is challenging,
with several mothers stating that it is easier to set a rule but

JMIR Pediatr Parent 2019 | vol. 2 |iss. 1 |e11791 | p.191
(page number not for citation purposes)


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

JMIR PEDIATRICS AND PARENTING

enforcing it in a sustainable way is more difficult. Moreover, a
few mothers explained that parents need to agree on managing
ST, and afew mothers said that sometimestheir husbandswould
not set or enforce ST rules.

Discussion

Principal Findings

To date, there is a paucity of information available on how
minority and immigrant parents perceive and manage their
preschool-age children’s ST [8,19-21,31]. In addition, to our
knowledge, no studies have focused on ST of preschool-age
children of Brazilian immigrant families living in the United
States. To address this gap, this qualitative study explored
Brazilian immigrant mothers' beliefs, attitudes, and practices
related to their preschool-age children's ST behaviors. This
information isessentia for the development and implementation
of culturally sensitive interventions that are compatible with
Brazilian immigrant parents and families' beliefs, attitudes,
and practices related to children’s ST.

Although we asked mothers to think of their preschool-age
children when discussing the FGD topics, several mothers
discussed these topics within the context of the whole family,
including older and younger children. Thiscontextual discussion
is consistent with previous qualitative research, including our
own [21,30,50,51], and indicates the importance of the family
within Latino communities. It aso suggests that the family
should be considered the unit of change and that interventions
focusing on promoting healthy ST will likely be more successful
if they consider the entire family unit, including adults (eg,
mothers, fathers, and other relatives such as grandmothers) and
children (younger and older children).

Although most mothers in this study expressed concerns for
their preschool-age children’s ST, nearly al viewed ST as an
acceptable part of children’sdaily lives. Mothers spoke of their
children growing up in a digital world with widespread use of
technology and mentioned that this was very different from
when they were childrenin Brazil. Thesefindings are consistent
with previousresearch [13,28,52,53] and suggest that successful
interventionswill be those that acknowledge the current reality
of ST as an integral part of a family’s life and help parents
identify positive ways to expose their children to ST in ways
that are compatible with their devel opmental age. Interventions
should focus on helping parents identify quality ST while
adhering to current ST recommendations.

This study’s findings revealed that mothers perceived that ST
had more benefits than disadvantages. Overal, mothers
perceived that the information and skills that their children are
gathering and learning during ST would serve their children
well in the future. Nearly al mothers reported that ST was an
acceptable source of entertainment if not excessive. Mothers
also mentioned that ST facilitated regular communication with
family and friendsin Brazil. Finaly, mothersfelt that allowing
their children ST aided in their ability to manage household
chores and complete errands as it kept their children occupied
and safe. Previous research suggests that positive beliefs (eg,
educational purposes and entertainment) and functional beliefs
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(eg, mothers getting things done and regular communication
with family living abroad) areimportant reasonsfor the parents
acceptance of ST for their young children [54-57]. Thisstudy’s
findings in tandem with the extant research further reinforce
theimportance of intervention messagesincorporating parents
positive and functional beliefs of ST for their preschool-age
children and framed within the social context of the day-to-day
life of immigrant, working families.

Mothers in this study viewed that all family members as well
as their friends and their children’s friends influenced their
preschool-age children’s ST habits. In addition, mothers spoke
of their social networksinfluencing their views and acceptance
of ST aspart of children’sdaily life. These findings concur with
previous research documenting interpersona influences on
children’s ST behaviors[58-60] and suggest the importance of
addressing these influences to promote healthy ST behaviors
among preschool -age children of Brazilian immigrant families.

Although moreresearch is needed, it isworth noting that some
mothers participating in this study reported that their husbands
and partners did not perceive their preschool-age children’'s ST
behaviors as problematic and expressed minimal or no concerns
for their children’s ST. In addition, most mothers reported their
husbands watched TV and played video games with their
children, which is consistent with previous research conducted
among other populations [50,61]. Thisisimportant as research
shows that children have increased ST when parents have ST
themselves [50,61-64]. Moreover, many mothers participating
in this study reported limited support from their husbands in
their efforts to set up and enforce rules to limit ST. Previous
studies suggest that mothers and fathers have different parental
influences on their children's ST behaviors and both should be
included in interventions [61-63]. Our findings, combined with
those of previous research, suggest that future parenting
interventions designed for Brazilian immigrant families should
be family-focused and involve other family members, including
fathers. In addition, interventions should address possible
incongruent beliefs and concerns of parents within the same
household and campaign for awareness among fathers of the
adverse consequences of excessive ST for young children.

In this study, several aspects of the home's socia and physical
environment emerged asinfluences on preschool -age children’s
ST including the accessibility to and availability of multiple ST
devices, which was perceived as providing young children
having older siblings with early and frequent ST exposure.
Furthermore, parents viewed their ST as influencing their
preschool-age children’s ST. Theresults of thisstudy aresimilar
to those of previousresearch that indicate an association between
the home's socia and physica environment and the
development of children’s early behaviors including ST
[11,19,30,33,41,65]. Thisfinding suggests that family-centered
interventions should address not only children's but aso
parents’, siblings, and other family members ST and
incorporate parental role modeling of healthy ST behaviors.
Most Brazilian immigrant mothers participating in this study
mentioned the importance of finding a balance for their
children’s screen use. These findings areimportant, and suggest
that interventions should be designed to increase parents
awareness about the negative consequences of excessive ST
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and highlight the importance of limiting their preschool-age
children’s ST.

Consistent with previous research [10,21,26,64-68], mothers
participating in this study used several parenting practices such
as monitoring time and content, setting limits and having rules,
and prompting their children to do something else to manage
their preschool-age children’s ST. Previous research suggests
that parental monitoring, especially maternal ST monitoring, is
associated with less ST for children [56,62]. Similarly, previous
evidence suggests that setting limits and having ST rules are
associated with children’'s ST [34,56,62,63]. Nevertheless,
several mothers in this study acknowledged that it can be
challenging to sustain and enforce parenting practicesto manage
their children’s ST, especially given the availability of multiple
screen devices a home. These findings are supported by
previous research [57] and suggest the need for interventions
that promote the development of parenting skills to enhance
parents’ confidence to set and enforce family rules to promote
healthy ST.

Limitations

Study results should be considered in light of study limitations.
Thefindings are based on a nonrandom and purposeful sample
of low-income, Brazilian immigrant mothers in 2 MA
communities, which limits generalizability. There is also a
possibility of selection bias asmotherswith aheightened interest
in or awareness of theimportance of child health behaviors may
have been morelikely to participatein the study. Moreover, the
use of snowball sampling to recruit participants might have
resulted in the recruitment of study participants who share
similar beliefs, attitudes, and behaviors related to ST of their
preschool-age children. Thus, further research is needed to
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increase generalizability and to explore whether results apply
to a broader group of Brazilian immigrants. In addition, this
study did not objectively assess children’s ST and sedentary
behavior, and thisis alimitation, given that evidence suggests
that parents' sedentary behaviors including ST influence their
children’s behaviors.

Finaly, thisstudy included only mothers, and thisisalimitation
given the increasing evidence suggesting the importance of
including both parents in child health promotion and obesity
prevention research and interventions [62,69]. Future research
can addressthese limitations by exploring beliefs, attitudes, and
behaviors of preschool-age children and their Brazilian
immigrant parents (mothersand fathers) from other communities
across the United States, selecting a larger sample size and
employing multiple data collection methods, including both
qualitative and quantitative methods, and objectively assessing
parents’ and children’s ST.

Conclusions

This qualitative study provides new information on the beliefs,
attitudes, and practices of Brazilian immigrant mothers living
inthe United Statesrelated to their preschool-age children’'s ST
behaviors. Study findingsrevealed several potentially modifiable
maternal beliefs, attitudes, and parenting practices that may
provide important targets for parenting- and family-based
interventions aimed at promoting children’s healthy ST. Future
research should explore Brazilian immigrant fathers' and
grandparents’ beliefs, attitudes, and parenting practices related
to preschool-age children’s ST. This information will be
important for the design of ST interventions tailored to meet
the needs of Brazilian immigrant children and families.
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Abstract

Background: A magnetic resonance image (MRI) is a diagnostic test that requires patients to lie still for prolonged periods
within a claustrophobic and noisy environment. This can be difficult for children to tolerate, and often general anesthetic (GA)
isrequired at considerable cost and detriment to patient safety. Virtual reality (VR) is a newly emerging technology that can be
implemented at low cost within a health care setting. It has been shown to reduce fear associated with a number of high-anxiety
situations and medical procedures.

Objective: The goal of the research was to develop a VR resource to prepare pediatric patients for MRI, helping to reduce
anxietiesin children undergoing the procedure.

Methods: A freely accessible VR preparation resource was developed to prepare pediatric patients for their upcoming MRI.
The resource consists of an app and supporting preparation book and used a series of panoramic 360 degree videos of the entire
MRI journey, including footage from within the bore of the scanner. The app, deployed viathe Android Play Store and iOS App
Store, can be viewed on most mobile phones, allowing achild to experience an MRI in VR using an inexpensive Google Cardboard
headset. The app contains 360 degree videos within an animated, interactive VR interface designed for 4 to 12-year-olds. The
resource was evaluated as part of a clinical audit on 23 patients (aged 4 to 12 years), and feedback was obtained from 10 staff
members. In 5 patients, the resource was evaluated as atool to prepare patients for an awake MRI who otherwise were booked
to have an MRI under GA.

Results. The VR preparation resource has been successfully implemented at 3 UK institutions. Of the 23 patients surveyed, on
ascale of 1to 10, the VR resource was rated with a median score of 8.5 for enjoyment, 8 for helpfulness, and 10 for ease of use.
All patients agreed that it made them feel more positive about their MRI, and all suggested they would recommend the resource
to other children. When considering their experiences using the resource with pediatric patients, on a scale of 1 to 10, the staff
members rated the VR resource a median score of 8.5 for enjoyment, 9 for helpfulness, and 9 for ease of use. All staff believed
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it could help prepare children for an awake MRI, thus avoiding GA. A successful awake MRI was achieved in 4 of the 5 children

for whom routine care would have resulted in an MRI under GA.

Conclusions: Our VR resource hasthe potential to relieve anxieties and better prepare patients for an awake MRI. The resource
has potential to avoid GA through educating the child about the MRI process.

(JMIR Pediatr Parent 2019;2(1):€11684) doi:10.2196/11684

KEYWORDS
virtua reality; MRI; anxiety

Introduction

The claustrophobic and noisy environment of magnetic
resonanceimaging (MRI) can be difficult for patientsto tolerate
and at times can lead to patient movement during the scan or
even to the scan being aborted. If the resultant images are
undiagnostic, thismay require the patient to be rescanned under
sedation or genera anesthesia (GA). Children represent a
particularly sensitive patient group to such effects where the
rescan rate and need for GA is considerably higher than in
adults. In a recent study it was shown that the use of GA in
pediatric MRI hasrisen from 21% to 28% over 3 years, an effect
attributed to the increased use of 3 Tesla MRI systems, which
produce superior image quality but have an associated increased
sensitivity to patient motion [1].

Despitethisincrease, previouswork has shown that appropriate
preparation can successfully reduce the need for anesthesiain
younger patients. In one study, through the effective use of
multiple preparation resources, anesthesia rates were reduced
from 47%to 27% [2]. A variety of methods have been reported
to prepare children for MRI including the use of informational
videos[3], mock scanners[4], play tunnels, vibrating matswith
MRI scanner audio simulations [5], and the use of small scale
models for demonstrating the MRI procedure to children [6].
Having a process to avoid anesthesia is also preferred among
parents[7,8].

There are numerous benefits to both the patient and the
institution in avoiding an MRI scan with GA. With an awake
MRI, therisksof possible adversereaction to GA or other forms
of sedation are removed, which although unlikely can still occur
[9]. Research has demonstrated that anesthesia can be highly
anxiety-provoking for children and parents [10] because there
is the need to fast prior to GA and arecovery period reguiring
them to remain in clinical care for typicaly 1 to 2 hours.
Because the GA requires medical intervention, there are also
significant costs associated with the equipment and clinical
team required to administer the procedure.

In recent years, the use of virtual reality (VR) in medicine has
undergone rapid growth with applications in surgery [11],
teaching and training [12], anxiety reduction for medical
procedures [13-15], and treatment for a variety of diseases
[16-18]. This increase in popularity has been driven by the
development of consumer-level VR headsetsthat use astandard
mobile phone (eg, Google Cardboard and Daydream View,
Google LLC; Gear VR, Samsung Electronics Co Ltd) or a PC
(eg, Oculus Rift, Facebook Technologies LLC; Vive, HTC
Corporation) for their computer processing. In particular, the
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Google Cardboard format has potential for large-scae
distribution, since most modern mobile phones have the
technology to be incorporated into a simple, cheap headset to
display content in the VR format. Distribution of content isnow
easily facilitated via YouTube, which has native cardboard
compatibility, or Google Play for Android devices and the App
Store for iOS devices. Creating VR content is also now more
achievablewith the availability of consumer-level 360° cameras
that allow amateur film makers to create and easily distribute
360° footage for viewing within a VR headset.

In this paper, we report on afreely accessible resource that uses
360° video footage to acclimatize a pediatric patient for an
upcoming MRI using VR. The resource was created as a tool
to help lower anxiety associated with MRI, reduce
motion-related image artifact, and decrease the need for GA by
increasing avake MRI compliance.

Methods

The Virtual Reality M agnetic Resonance | maging
Journey

The VR resource was developed to facilitate preparation of
pediatric patients for MRI in a number of settings. First, the
resource was devel oped to be used by health play speciaistsin
their role supporting extremely anxious patients. Second, the
resource was to be available to patients with upcoming MRI
appointments. Information was included in their appointment
letter regarding how to download the resource. By using the
resource at home, the child would be in a familiar and safe
environment that may better facilitate learning and discussion.
Third, we used theresourcein the MRI waiting areafor anxious
patients and parents prior to their MRI. Finally, the resource
was used during the anesthetic preassessment process severa
weeks prior to a patient’'s MRI under GA. In this setting, the
resource may help guide the decision regarding whether an
awake MRI is achievable. All these use cases were suggested
by health play specialists and radiographers whose daily role it
was to prepare patients for MRI. Both groups had active
involvement in the design of the resource and informed the
development from the beginning using relevant insights from
their roles in health care. They highlighted the importance of
showing the pathway that a child undergoes when having an
MRI, specifically focusing on key parts of the journey to help
the patient to understand and experience each aspect of their
upcoming scan. Theseincluded (1) arriving at the reception and
the waiting area, (2) participating in the MRI safety screening
process, (3) highlighting where the radiographer sits during the
scan, (4) introducing the children to the scan room, (5) allowing
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them to experience being in the scanner, and (6) saying goodbye
after their scan. All elements were captured via 360° video and
incorporated into the resource. The use of 360° video rather
than computer-generated content facilitated scalability to other
sites that could capture custom footage for their own bespoke
version. The resource was aimed at children between ages 4
and 12 years, an age group where appropriate preparation can
greatly increase the chance that the child will tolerate and lie
still for their scan. The resource was deployed as a free
downloadable app and a supporting preparation book. Having
the two helped facilitate the different interactions required by
different patients and provided a choice of resource for the
patient to access. The aim of the app was to produce a
continually immersive VR experience of the entire MRI journey,
easily accessible for home use. The preparation book helped
facilitate agreater interaction between clinical staff and anxious
patients. Rather than a continual immersive experience, it
fostered discussion outside of VR and, when appropriate, the
individual 360° videos could be displayed to the patient using
the VR headset.

Incorporating the entire MRI journey into the resource was felt
to be important since all elements in the journey can induce
anxiety for a child. It was hoped that the virtual experience
would better allow children to understand their role and the
roles of others when coming for an MRI, helping them to feel
involved with their own care. It was designed to highlight the
expectation of them in the process and facilitated rehearsal of
the procedure. The resource aimed to address common questions
asked by children coming for an MRI (eg, concerns that the
scanner may touch or hurt them). Therewas afocusto keep the
content positive whilerealistic, using child-friendly terminology
(eg, calling the head coil, used to acquire the MRI images, a
helmet) together with highlighting that children could watch
their own DV D during the scan.

All persons who appeared in the videos or photos provided
consent for their footage and pictures to be used according to
our standard hospital policies.

Capturing 360° Footage

The 360° degree video footage was captured on a 2016 Gear
360 camera (Samsung Electronics Co Ltd) controlled remotely
using a Samsung Galaxy S7 mobile phone. For al footage
outside the scanner, the camerawas positioned using amonopod
with tripod stand base at atypical six-year-old child eye height.
This allowed for the feeling of being present from the child’s
perspective when the videos were viewed within aVR headset.
Short video segments were captured where the radiographer
and parent actors played out the role as though the child were
attending for their scan. We tried to keep the footage length to
a minimum time (idealy less than 1 minute) to ensure it
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remained engaging for the intended young audience but still
informative. Initial attempts were made to move the camera
during the journey, but it was found that this movement when
displayed in a VR headset created a feeling of nausea and this
ideawas abandoned. Instead stationary footage was taken from
key steps of the journey, and the patient was “teleported” via
interactions with the app or preparation book from one area of
theradiology department to subsequent areas asthey progressed
along their journey.

The camerawasfound to function correctly within an operating
1.5T MRI scanner. Scanners tested included the Magnetom
Aeral. 5T (SiemensHealthineers), SignaHDx (GE Healthcare),
and the Ingenia and Achieva 1.5T (Koninklijke Philips NV).
An initia investigation was undertaken by the Magnetic
Resonance Safety Expert (MRSE; JA, CMcG) to assess the
safety of the camera within the MRI system, and footage was
obtained from within the scanner under direct supervision of
the MRSE. It was found that the camera did contain some
ferromagnetic components which led to mild attractive forces.
The weight of the camera mostly overcame these forces except
at the location of highest spatial gradient (at the flaring of the
MRI scanner bore). To ensure the camera did not become a
projectile, it was taped into place on top of a standard phantom
that was supplied with the MRI system.

By fixing the cameraonto the phantom, we ensured the scanner
would receive a measurable signal allowing it to operate as
normal. To providetheillusion of abody for the camerafootage,
an inflatable mannequin with the head sealed down was dressed
in child's clothing, and the camera, attached to the phantom,
acted as the head of the mannequin (see Figure 1).

The 360° footage was successfully obtained during scanner
operation with the camera controlled via the Samsung Galaxy
S7 phone from within the scan room. Footage was acquired for
the localizer and approximately 1 minute of a spoiled gradient
echo sequence. In this sequence, the flip angle was reduced to
1 degree to minimize specific absorption rate exposure to the
camera. Initially, the camera showed no detrimental effects
while in the scanner or after being removed. However, after
approximately 10 sessions of capturing footage, the camera
started to automatically shut down during footage acquisition
within the scanner. At first it was thought the scanner was
causing the camerabattery to rapidly drain. However, when the
camera was removed from the high magnetic field of the
scanner, it would operate again as normal, and to the best of
our knowledge there was seemingly limited battery drain and
no permanent damage. We found it was possible to maximize
the camera operating timefor filming in the scanner by ensuring
the camera was fully charged prior to filming (typically the
maximum filming time would be 2 minutes).
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Figure 1. Setup for filming 360 degree video within an operating magnetic resonance imaging scanner.

Footage was downloaded to the mobile phone, and the Samsung
Gear 360 app was used to stitch the two images from the camera
sensorsinto asingle equirectangular image. This stitched image
was then downloaded to a MacBook Pro for video
postprocessing using the package iMovie v10.1.2 (Apple Inc).
Editing steps included cropping the video timeline to remove
unwanted footage from the start and end. Volume levels were
modified to ensure consistency acrossthe clips, and the volume
of the operating scanner was reduced such that it was realistic
to what a patient would experience during their scan. Audio
from the DVD shown during the scan was not captured and
instead was layered over the video during postprocessing to
ensure the volume was appropriately set. The editing package
iMovie outputs video with a 16:9 aspect ratio, and this was
subsequently cropped to a2:1 aspect ratio using the open-source
video transcoder HandBrake (360° video has a2:1 aspect ratio
because thefield of view is 360° aong the horizontal direction
by 180° along the vertical). The final 360° video was injected
with metadata using the 360 Video Metadata Tool provided by
Google.

The App

The app was created within the Unity devel opment environment
(Unity Technologies) and was deployed to both Android and
iOS devices via hosting on Google Play and the App Store for
free download. The app was designed with aVR format suitable
for Google Cardboard—compatible headsets (V R mode) and for
usein astandard non-VR format (tablet mode) for patientswho
did not have a Google Cardboard headset.

The app was designed to be fun and interactive, allowing the
child to view the 360° videos in any order or repeat a single
video. To maintain achild’sinterest, the videos were embedded
and accessed via a stylized cartoon environment. A virtua
character chosen to match the target patient age, complete with
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voiceover, was created as a conscious design decision to enable
engagement with the target audience.

In tablet mode, swipe and touch interactions were used for
selecting and navigating within the 360° videos. In VR mode,
the gaze sel ection method and standard Cardboard buttonswere
enabled for selecting, pausing, and exiting videos. An initial
trial of the app highlighted that many users were not aware of
the gazefeaturetypically used inaVR environment, so atutorial
was built into the app to help the user become accustomed to
interacting within VR prior to starting their virtual MRI journey
for thefirst time.

We undertook an iterative devel opment cycle of testing to ensure
that the app worked on avariety of devices and platforms. For
VR, thisrequired additional optimization to ensurethat playback
across awide range of devicesdid not fall below 60 frames per
second, where it is recognized that VR-based nausea can be
experienced. Furthermore, to ensure the app supported devices
across a range of technical specifications, the playback
resolution of the video clip was downgraded from the original
4K resolution to 1920x960. Thisresulted in minimally reduced
video clarity and sharpness but with the benefit of decreased
download file size (from 480 MB to 161 MB). We found that
this final build size was an important consideration because
users often have limited storage capacity on their devices. To
overcomethis, aversion of the app was created with the videos
being streamed from aremote server rather than being embedded
in the app. This was found to reduce the app size to 22 MB.
However, to successfully play back the videos, a fast internet
connection isrequired. We found the avail ability and reliability
of such a network in a hospital setting to be limited at times,
and given the additional costs of hosting a server from which
to stream the videos, we decided not to release the streaming
version of the app.
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The Preparation Book

The preparation book was developed to support the app and
allowed for closer interaction between the child and health play
specialists, radiographers, and parents and to provide a choice
of resource for the patient (MultimediaAppendix 1). It contained
photos highlighting the same parts of the MRI journey as the
app, maintaining consistency of persons acting as radiographers
and parents. The electronic version of the preparation book
contained hyperlinksto load the 360° videos of the MRI journey
that were hosted on YouTube. When displayed using a mobile
phone, the videos could be loaded directly from the preparation
book and displayed in a Google Cardboard headset using the
YouTube Cardboard functionality.

This preparation book was developed in Word (Microsoft
Corporation) and exported to a PDF file format for easy
distribution and better display on mobile and tablet devices. A
shortened version was also developed for specific use within
the radiology department to prepare a child immediately prior
totheir scan. Thisomitted the stages of arriving at the reception
and the safety screening since it was typically given to patients
after these stages were compl ete.

Implementation and Evaluation

Within the hospital, mobile devices were used with the Z4
mini-headset (BoboV R), and for home use, adisposable Google
Cardboard version 2 headset (Access VR Solutions) was mailed
to patients. The BoboVR Z4 mini had a faux leather face-pad
making it cleanable and therefore the most suitable for use
within a hospital environment where the risk of infection must
be controlled. The head straps were removed from the headset
such that the patient simply held the headset to their face. Given
our resource had a maximum VR exposure time of
approximately 5 minutes, simply holding the headset was
preferred as this avoided the need for adjustments to the straps
and allowed for rapid removal of the headset if the patient
wanted to stop the experience (eg, if suffering from VR-based
simulation sickness).

The evaluation of the resource was undertaken following the
National Institute for Health and Care Excellence Evidence
Standards Framework for Digital Health Technologies [19].
The goal of the evaluation was to gather anonymous feedback
on the initia implementation helping to inform further
enhancements of the resource to improve the patient experience.
The evaluation is ongoing as part of aregistered clinical audit
in accordance with King's College Hospital standard policies
and procedures.

We recruited 23 patients (median age 9 years, range 4 to 12
years) attending the Neuroradiology Department at King's
College Hospital during the period November 2016 to February
2017. Patients voluntarily participated in an anonymous survey
and were selected to include those who had never had an awake
MRI (19/23) or had had an MRI more than 1 year ago (4/23).
An upper age limit was set due to the nature of the resource,
which was designed to be appropriate for users up to
approximately age 12 years. The lower age range was set by
the minimum age for which a child was booked to have an
awake MRI during the evaluation period. Since the purpose of
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the evaluation was to provide initial feedback on the resource,
a patient group without medical complexities was chosen (ie,
patients were excluded if they suffered from a physical or
nonphysical disability such as cerebral palsy or autism, which
may inhibit their interaction with the VR environment). Patients
were identified through the radiology information system as
having an appointment for an upcoming brain or spine MRI.
The patient was either mailed a headset for them to trial the
resource a home or were provided with the resource
immediately prior to their MRI when they arrived for their scan.
All patients voluntarily participated in an anonymous
guestionnaire (see Multimedia Appendix 2) which assessed
their experience using the preparation resource with a standard
10-point or 5-point Likert scale.

Ten King's College Hospital staff were also surveyed including
health play specialists (2/10), radiographers (7/10), and ahealth
care assistant (1/10; see Multimedia Appendix 3). Staff were
included if they had experience using the preparation resource
during the patient evaluation period. The survey questionnaire
used 10-point and 5-point Likert scales to evaluate staff
experienceusing theresourcein preparing childrenfor an MRI.

The app was provided to 5 patients who were originaly
considered for an MRI under GA. After allowing the child to
experiencethe app, it wasthought that the GA could be avoided,
and in these patients an awake MRI was attempted. All
subsequent images were then evaluated for patient motion
artifact.

Results

Versions of the preparation resource have been created for the
MRI journeysfor three UK hospitalsincluding King's College
Hospital, The Royal Belfast Hospital for Sick Children, and
NHS Highland, freely available under the titles “My MRI at
King's,” “Virtual Reality MRI,” and “My MRI at Raigmore,’
respectively.

All versions have the same interface/template and differ only
in the embedded 360° videos or photos, which are specific to
each hospital site. Sample images are shown in Figures 2 and
3 that highlight the cartoon style interactive interface and stills
from the 360° videos. Also shown are the corresponding sections
from the preparation book.

Theresultsof the patient questionnaire are shown in Multimedia
Appendix 4, which highlights a positive response to the
preparation resource. An unexpected outcome of the patient
feedback was the impact the app had on parents, severa of
whom commented on the feedback forms that the app allowed
them to better understand their child’'s upcoming MRI, helping
to reduce their own anxieties and enabling them to better prepare
their child.

The results of the staff questionnaire appear to highlight that
staff members believe the preparation resource to be a useful
tool (Multimedia Appendix 5). All ten staff members surveyed
answered questions 1 through 8, while question 9 was not
answered by health play speciaists since they have limited
involvement in directly scanning patients.
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Figure 2. Screen shots from the 'Where the Radiographer Sits' stage of the MRI preparation resource: (a) app cartoon interface, (b) corresponding 360°
video, and (c) corresponding page from the preparation book.

The radiographer shows me where they sit
when I have my scan. They can talk to me
using a microphone.

Figure 3. Screen shots from the 'Lying Down, Having Your Scan' stage of the MRI preparation resource: (&) app cartoon interface, (b) corresponding
360° video, and (c) corresponding page from the preparation book.

The machine takes (0tS Of pictures. Some

take a couple of minutes and others Can

take |onger. The whole SCah Cah take

around 15 minutes to 5 minutes.

‘You can watch the
app Or put on your

Of the 5 patients originally booked for MRI under GA, 4 were : :
ableto tolerate an awake MRI. In one case, the child's anxiety Discussion
levels prohibited them from entering the scan room, and GA Principal Findinas
had to be administered. In al cases, no movement was noted P g
by the scanning radiographer or suggested in the radiology
reports.

Inthis paper we report the technical aspectsinvolved in creating
our preparation resource that uses 360° video footage displayed
via an inexpensive VR headset to create an immersive virtual
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MRI scan experience. Our evaluation highlights both patients
and staff responding positively to the resource and the potential
it has as atool to reduce the need for GA.

While acquiring the 360° footage, we experienced some of the
well-known pitfalls of creating VR content, many of which are
previously described in asimilar use of VR to prepare patients
for anesthetics procedures [15]. This includes inadvertently
inducing feelings of nauseain the viewer by acceleration in the
VR environment. Although not fully understood and with a
variety of causes, VR sickness can be triggered by conflicting
sensory inputs from the visual system, vestibular system, and
nonvestibular proprioceptors [20]. Additionally, thereisaneed
to be conscious of filming closeto objects and people—the VR
equivalent to invading personal space.

Theseissuesare well described inthe VR literature and are key
aspectsto consider if a VR experienceisto feel immersive and
fulfill the place and plausibility illusion[21]. Inapractical sense,

when obtaining 360° footage we found it important to undertake
quality control of the content. This was done by immediately
viewing the footage within aVR headset so we could assessfor
any VR-specific issues and correct them immediately rather
than realizing these issues at a later date.

There has been limited research involving the use of VR in
children, and concerns remain regarding its safe use. These
concerns include the potential for physical harm, since VR
encourages the user to undertake movements while being
blinded to the actua physical environment; VV R-based simulation
sickness [22]; and the potential effect VR has on the child’s
vision and balance [23]. To address these concerns, the use of
VR equipment often comes with an age restriction from the
manufacturer. In the case of the equipment used in this work
(Google Cardboard-based headsets), the manufacturer suggests
their headset “can be used by children but under adult
supervision.” For our purposes, thetime spentin VR waslimited
to approximately 5 minutes (the length of the resource). This
issimilar to the maximum exposureintroduced by other research
groups aiming to protect younger children from any adverse
effects [24]. These risks were documented in arisk assessment
and explained to the parents prior to use. If at any point the
patient felt uncomfortable with the experience, the headset could
be removed immediately.

We developed two methods to deliver our 360° video content
to patients. First, we created an app for free download from the
Android Google Play and iOS App Store. We considered
deploying to other VR platforms that provide a higher quality
and more immersive VR experience (eg, Samsung Gear VR,
Google Daydream, Oculus Rift, and HTC Vive environments).
However, given the low cost and greater potentia for
distribution, the Google Cardboard format wasin our view the
best choice, enabling hospital workers and patients' familiesto
easily download and use the app with no previous experience
with VR. Furthermore, deployment to Android and iOS enables
the app to be viewed in tablet mode, which can be useful for
patientswho do not have a Google Cardboard headset or cannot
tolerate the VR environment. Examples include postoperative
patients or patients with physical disabilitieswho cannot easily
move.
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In younger patients and where there was support from trained
clinical staff, the preparation book enabled a closer interaction
between staff and child, something that is particularly important
for children with high levels of anxiety associated with MRI.
Preparation books are widely used by health play specialistsin
hospitals, and children respond well to seeing visual images
and having age-appropriate information that allows them to
understand and process what will be happening to them. The
preparation book presented here aimed to be an interactive
resource. The electronic version linked directly to the 360°
videosfor viewing within aVR headset. By offering aselection
of preparation resources (eg, app or preparation book), choices
are provided and individual learning needs for patients of
different ages are better met. The need for age-appropriate
resources has previously been noted in the literature [7].

Patient and staff surveys highlighted the potential benefit of the
preparation resource as a source of information for relieving
patient anxieties but also as an enjoyable experience for the
child. This enjoyment could be in part due to the novelty factor
of VR, wherethe child may have engaged more with the content
due to them experiencing the technology for the first time. In
our evaluation we did not assess for any previous exposure to
VR or 360° video content, and therefore as the technology
becomes ubiquitous, there is potential for our resource to be
less engaging and less effective. Literature, however, shows
that traditional resources such as preparation bookl ets and mock
scanners reduce patient anxiety in MRI, and numerous studies
have measured the benefits of such preparation with patient
guestionnaires, heart rate measurements[25], or blood prolactin
and cortisol levels after the scan [26]. In one study, however,
it was found that such preparation had potential to increase
anxieties [27].

The only negative patient feedback was from a 12-year-old who
felt the app was too babyish. Similarly, the staff survey
suggested from their experience the applicable maximum age
for the resource was 11 years. On a positive note, the staff
survey highlighted that in some cases staff felt the preparation
resource potentially reduced patient motion and scan time due
to increased compliance. A similar result has been previously
reported in a prospective controlled study where patient
preparation resources have shown significant reductions in
patient motion [5]. The advantage of our resourceisthat it can
be used at any location in the hospital, and parents can use the
resource to prepare their child at home.

Limitations

The purpose of our survey was to provide feedback on our
preparation resource to improve and further enhance the patient
experience. We did not consider a research-based approach
involving, for example, a control group, and so our results are
not generalizable without further related work. Likewise, no
control group was considered when we applied our resource to
the patient case studies who were booked for GA, as our focus
was on evaluating the potential for the app to avoid GA. The
benefits of preparation resources have previously been
investigated in controlled studies that have concluded such
interventions can successfully obviate the need for patient
sedation [8,28]. In future work, we aim to follow a similar
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methodology using our VR-based preparation and considering
anxiety scores, GA rates, and the presence of motion artifact in
images for patients who have been prepared using our VR
resource compared to traditional preparation techniques such
as preparation booklets and pamphlets.

Conclusion

The VR preparation resource presented in this articleisanovel
tool for hospital staff and parentsto relieve anxieties of pediatric

Ashmore et al

patients and potentially increase awake MRI scan compliance.
The resource is freely available for download on multiple
platformsand as such could easily be used by any site scanning
children. The method developed could be recreated by others
with little effort and has the potential to be expanded to other
patient journeys. Our initial experiences using the resource
provided nearly unanimous positive feedback, and it was shown
for some patients that it potentially helped avoid the need for
GA while undergoing MRI.
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Abstract

Background: Cyberbullying includes bullying behaviors on the Web; these behaviors are inconsistently measured and lack
standardized definitions. The Uniform Definition of Bullying provides a consensus-based definition of bullying, and it highlights
the need for an evidence-based definition of a model for cyberbullying.

Objective: Toward understanding the key elements and constructs defining cyberbullying, the objective of this study was to
devel op a stakeholder-driven conceptual model of cyberbullying.

Methods: Concept mapping isavalidated research method that |everages both qualitative and quantitative approachesto integrate
stakeholder input on complex topics. This process was used to develop a concept map and adapt it through participant input to a
conceptual model. The validated concept mapping approach includes 5 steps: preparation, generation (brainstorming), structuring
(sorting), representation (statistical analysis), and interpretation. We recruited stakeholder participants, including adolescents, as
well as parents and professionals representing education, health, and the justice system. Analysis included hierarchical cluster
analysis to devel op a cluster map representing cyberbullying, followed by adaptation of that map to a conceptual model through
qualitative participant feedback.

Results: A total of 177 participants contributed to the concept mapping process, including 69% females, 50% adults, and 68%
Caucasian, representing each of our stakeholder groups. A total of 228 brainstorming items were generated and sorted into a
concept map that included 9 clusters. Clustersincluded topicsthat had strong overlap with traditiona bullying, such as consequences
for perpetrators and targets, with example items “alienating” and “crippling.” Some clusters were unique, such as cyberbullying
techniques, with example item “excessive messaging,” and characteristics of the cyberbullying experience, with example item
“constant.” Through the interpretation step, a conceptua model emerged, illustrating connections and distinctions between
traditional bullying and cyberbullying.

Conclusions: We found that in generating a stakehol der-driven concept map of cyberbullying, participants could not describe
cyberbullying without integrating key concepts from traditional bullying. On the basis of our conceptual model, there are unique
characteristics of cyberbullying that suggest that uniform definitions of bullying need to be evaluated to ensure their application
to cyberbullying.

(JMIR Pediatr Parent 2019;2(1):€12683) doi:10.2196/12683
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Introduction

Background

Bullying is both a public health and a criminal justice problem
that occurs throughout the world, and bullying can happen at
many stages in the life course, from childhood to adolescence,
eveninto adulthood. Although traditional “schoolyard” bullying
remains problematic, over the past decade, technologies have
provided new platforms on which bullying can occur. It is
estimated that 19.6% of children of ages 14 to 18 years were
bullied on school property, and 14.8% of children aged 14 to
18 yearswereelectronically bullied [1]. These electronic forms
of contact may include social networking websites (eg,
Instagram, Twitter), Web-based games, instant messaging, short
message service text messaging, and mobile phone pictures.
This phenomenon has come to be known as cyberbullying. It
isestimated that 1% to 41% of US adolescents have perpetrated
cyberbullying and 3% to 72% have been targets[2].

Consequences of Bullying and Cyberbullying

Previous studies have examined the substantial negative effects
that cyberbullying can have on both targets and perpetrators.
Adolescentswho have experienced cyberbullying report higher
levels of depression and lower self-esteem [3]. Furthermore,
emotional distress, anger, sadness, detachment, externalized
hostility, and delinquency are more common in targets of
cyberbullying than in the general population [2]. Many of these
effectsare also seenintargetsof traditional bullying, suggesting
similarities in the negative conseguences of these phenomena

[4].
Current Challengesin Under standing Cyberbullying

Assessing the preval ence of cyberbullying remains challenging,
partly asthefield lacks aconceptual approach or an operational
definition of the term [5]. A consistent definition can support
tracking of cyberbullying over time, and it has been called out
as one of the major challengesin the field [6]. In the realm of
traditional bullying, collaboration across expertsinthefield led
to the development of a consensus-driven definition. Led by
the Centers for Disease Control and Prevention (CDC), the
Uniform Definition of Bullying is as follows. Bullying is any
unwanted aggressive behavior(s) by another youth or group of
youthswho are not siblings or current dating partners; bullying
involves an observed or perceived power imbalance, and it is
repeated multiple times or is highly likely to be repeated.
Bullying may inflict harm or distress on the targeted youth,
including physical, psychological, social, or educational harm
[7]. Within thisdefinition, 4 different types of bullying behavior
are commonly identified: physical, verbal, relationa, and
damage to property [6]. Observational studies have shown that
the different forms of bullying of youths may overlap [8,9].
Within the CDC definition, cyberbullying is considered bullying
by digital electronic means. Thus, cyberbullying is considered
a context in which bullying occurs.

http://pediatrics.jmir.org/2019/1/e12683/
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The extent to which the Uniform Definition can be applied to
cyberbullying remains uncertain. A previous study that used
focus groups with college students to discuss whether the
Uniform Definition applied to cyberbullying found that students
were wary of applying the definition. Participantsin this study
described elements of cyberbullying that they felt were distinct
from the Uniform Definition, including their perception that
cyberbullying often involves less emphasis on aggression,
intention, and repetition than other forms of bullying [10]. A
conceptual model describing key elements of cyberbullying
could contribute to understanding the key components of
cyberbullying and assessing how it may be similar or different
compared with traditional bullying. A data-driven conceptual
model could potentially provide evidence to inform definitions,
measurement approaches, or future interventions.

Study Purpose

Thus, the purpose of this study was to develop a
stakehol der-informed conceptual model for cyberbullying. To
fulfill this purpose and ensure the model was driven by
participant views and data, concept mapping methodology was
applied. This validated methodology has been applied toward
developing conceptual frameworks to describe complex topics
[9-11]. Previous concept mapping studies have been applied to
complex topics, such as intimate partner violence, physical
rehabilitation experiences, and adolescent sexuality [12-14].
This method has also been used in previous health research to
provide insights into mental health and illness [10,12,14,15].
The outcome of this process is a concept map, a visua
representation of the key concepts and their interrel ationships.
The final map that is created is entirely in the language of the
participants, and it produces an easily interpreted visual
representation that can be adapted to represent a conceptual
model.

Methods

Study Setting and Design

This study was conducted in Washington State, and this study
recruited participants from academic and community settings.
The study design was concept mapping. The Western
Ingtitutional Review Board approved this study.

Participants and Recruitment

The concept mapping approach is ideally suited for data
collection from stakeholders relevant to the concept under
investigation. To ground our conceptua framework in views
of stakeholdersinvolved in cyberbullying, participantsincluded
adolescents and young adults, aged 12 to 21 years, as these
youth arethose who directly experience cyberbullying. We also
included parents of the youth of these ages, as parents are often
involved when their children are cyberbullying. In selecting
additional stakeholders for this study, we considered the
evidence that cyberbullying can occur at home, at school, and
in the community [16,17]. Thus, we included educators,
including teachers and administrators. We also included
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professionals typically involved in cyberbullying prevention
and identification or intervention: health professionals, such as
physicians, nurses, social workers, researchers and counselors,
and professionals involved in law and policy, including
attorneys. Additional €ligibility criteria included English
speaking. Concept mapping studies typicaly use
qualitative-sized samples of approximately 50 to 80 participants
intotal [9], often with higher numbers of participants at the data
generation and interpretation steps (brainstorming and
interpretation steps). As we had several stakeholder groups
involved in this study, we planned to include a larger number
of participantsto ensure we achieved stakeholder representation
across each concept mapping step and across the number of
groups involved in this study [11]. All participants were
recruited through purposeful sampling from academic and
community organizations between March 2013 and December
2015. Purposeful sampling included contacting local schools,
parent organizations, and universities to identity participants.
Each adult participant gave written consent for participation;
parental consent and adolescent assent were obtained for youth
participants. Beforethe start of each data collection, participants
completed a survey that included questions about age, gender,
race/ethnicity, and role (ie, student, professional, and parent).
Participants who completed the survey were provided a US $5
incentive, and participants who completed al other stages of
data collection were provided a US $20 incentive.

Concept Mapping

The concept mapping methodology was chosen, as it directly
involves participants and balances group consensus with
individual contribution, as some steps require group
participation, whereas others are doneindividually. The method
also allows for the consolidation of key concepts from a broad
array of initial data points. A total of 5 steps are involved with
the concept map creation process. preparation, generation,
structuring, representation, and interpretation [9]. Aswewanted
to use our concept map to and wanted it to trandate to a draft
conceptual model, we also added afinal step to propose and get
feedback on a conceptual model.

Preparation

The goal of preparation was to develop a focus prompt to
encourage brainstorming statements from participants in the
generation step. The prompt was specifically designed to be an
open-ended question that required participants to complete a
sentence to achieve consistent phrasing. We devel oped afocus
prompt of “A behavior or characteristic of cyberbullying is...”.
This prompt was pilot tested with a convenience sample of
adolescents, researchers, and health care providers before its
use for data collection.

Generation (Brainstorming) Sessions

The goal of the brainstorming step was to generate a list of
participant-generated items with sufficient breadth and depth
to represent the full spectrum of ideas related to what defines
cyberbullying. The concept mapping literature describes 2
approaches to collect brainstorming responses: Web-based
survey and focus groups. To develop a brainstorming list with
sufficient breadth and depth to inform our concept map, we
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used both approaches. First, individual brainstorming responses
were conducted using a secure Web-based survey tool. The goal
of the Web-based brainstorming approach was to alow for
greater reach in participant sampling among the adult
professional population. Second, brainstorming was conducted
using a semistructured focus group format. Focus groups
allowed for interaction among participants, as well as
opportunities for participants to build on each other’s thoughts
[18]. Each focus group included 5 to 8 participants and lasted
between 45 and 90 min. Focus groups with youths were held
separately from focus groups with adults. During focus groups,
after obtaining consent and providing instructions, the facilitator
presented the focus prompt to the group. Participants were
initially given 10 minto writeindividua responsesto the prompt
on paper. Thereafter, the topic was opened for group discussion
toward further idea generation and revision. At the conclusion
of the session, all written responses were collected from the
participants; any additional ideas that were discussed by the
group as a whole were recorded by the facilitator through
transcription of the audio recording. All focus groupswere audio
recorded and transcribed verbatim. A total of 2 investigators
reviewed the transcripts to identify items to contribute to the
brainstorming list. The brainstorming list was reviewed by 2
investigatorsto eliminate redundancy, and it was compiled into
1 revised list, representing all ideas and statements generated
by the brainstorming step.

Structuring (Sorting) Sessions

The goa of the structuring step was to sort the statements
generated in the brainstorming step. To form overarching
constructs, this process provides insights into how individual
ideas are related. In the sorting step, participants were given a
stack of index cards, each of which had a single written item
from the revised brainstorming list. Individuals were asked to
sort the cardsinto categoriesthat made senseto them and create
a label for each pile. All groups were determined by the
participants, each item could be sorted into only 1 group, and
every group needed at least 1 item within it.

Representation

Thegoal of representation wasto apply quantitative approaches
to analyze the data toward creation of a visua point map
representing individual items. Analyses were conducted using
the Concept Systems Core software Build 2016.062.11 (Concept
Systems Inc) and SAS software version 9.3 (SAS Institute).
Sort data were organized into a square symmetric-similarity
matrix (SSSM) for each participant. In this process, pairs of
brainstorming ideas were tested to determine if they had been
grouped together. An overall SSSM was constructed by
summing the matrices for all participants. Multidimensional
scaling (MDS) of the overall SSSM was used to produce a
2-dimensiona point map [19]. The point map represented all
items in a 2-dimensional plane; items that were commonly
grouped together were closer together on the point map. Items
that were rarely or never grouped together were further apart
on the point map. Stress index was calculated to assess the fit
of the MDS solution to the data. Stress indices ranging from
0.10 to 0.35 indicate acceptable fit for concept mapping, with
lower values indicating better fit [9,12]. The cluster map was
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created by applying hierarchical cluster analysisover the overal
SSSM. During this step, the software analyzes the data to
perform cluster analysis and MDS to create a visua
representation of the ideasin the form of clusters. The analysis
process groups the ideas according to the results of the MDS
into clusters. Items that were similarly categorized by
participants appear closer together on the map than items that
were not commonly categorized together. We then reviewed
the point map overlaid with arange of clusters generated by the
Concept Systems software. The role of the investigators wasto
use a consensus-driven iterative process to identify the cluster
arrangement with the strongest theoretical support. Using the
point map, the concept mapping software generates sequential
versions of the concept map with a change of 1 cluster per
version. The upper bound of the range of cluster arrangements
examined was 2 SDs above the mean number of statement
groups produced during the sort process. The lower bound of
the range of number of clusters was the minimum number of
clusterscreated by any participant. The analysis processincluded
reviewing cluster arrangements sequentially and identifying the
optimal cluster solution through an iterative process. Finally,
the investigators assigned alabel to each cluster on the basis of
thetheoretical construct described by its constituent statements.
Each cluster was initially named by the software on the basis
of the ideas generated by participants; names were reviewed
and revised for clarity by 3 raters. The draft concept map was
reviewed by all investigators to ensure it was qualitatively
consistent and logical. Any revisions to the map were based on
consensus of the investigators.

I nterpretation

Thefirst goa of these sessions was to conduct focus groups to
allow participants to view, discuss, and interpret the concept
map. The discussion was led by afacilitator and began with an
introduction and review of the concept mapping methodol ogy.
The steps of the project and the focus prompt were reviewed;
thereafter, the preliminary concept map was introduced.
Participants were asked to discuss cluster groupings and labels,
aswell asto explorethe overall structure of the map. Each group
was asked ways in which the map represented the definition of
cyberbullying and the ways it could be improved. After
concluding focus groups, the data were transcribed verbatim
and evaluated by 2 investigators. All focus groupswere analyzed
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for comments reinforcing elements of the concept map, aswell
as suggesting edits to the map. A total of 2 investigators
identified areas of consensus and used these to modify the
concept map. If consensus was not reached via 2 investigators,
a third was asked to review data and determine a decision on
whether to modify the concept map. Following finalization of
the concept map, the investigators then identified feedback
specific to aconceptual model. Thedraft conceptual model was
developed on the basis of feedback from participants in the
interpretation groups. Similar to the abovementioned, 2
investigators identified areas of consensus and used these to
modify the model. If consensus was not reached via 2
investigators, a third was asked to review data and determine a
decision.

Tranglation to a Conceptual Model

We concluded focus groupsin the interpretation step by asking
about thetransition to aconceptual model. We wanted to ensure
the conceptual model was representative of the concept map
and get input on the transition to such a model. Using a draft
conceptual model, we then conducted a final series of key
informant interviews to obtain feedback on both the concept
map and the conceptual model to ensure alignment. These
interviewswere al so recorded and transcribed verbatim. A total
of 2 investigators reviewed transcripts. They identified areas of
consensus around elements of the conceptual model and
proposed edits to the model to reflect participant feedback.

Results

Participants

A total of 177 participants contributed to the study. A total of
80 participants contributed the generation step; this included
37 Web-based survey participants and 43 focus group
participants across 6 groups. In the structuring session, 26
participants completed sort activities. In theinterpretation step,
atotal of 71 participants contributed to a focus group or key
informant interview. Youth had an average age of 17 (SD 2.25),
and adults had an average age of 43 (SD 12.9). Therewere 50%
of adults over age 21; adult professionals included 24% health
professionals, 22% clinical researchers, 12% educators, and 2%
attorneys. Table 1 provides demographic information of our
participants across the concept mapping process.
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Table 1. Participant demographics across steps of the concept mapping process.

Demographicsof participantsacross  Step 2: Brain- Step 2: Brain- Step 3: Sorting ~ Step 5: Interpreta-  Trandlationtocon-  Total
concept mapping steps storming focus ~ storming surveys activity (n=26) tion focusgroups  ceptual model key
groups (n=43) (n=37) (n=63) informant interviews
(n=8)
Gender, n (%)
Female 34(79) 32(86) 17 (65) 34 (54) 5 (62.5) 122(69)
Male 8(19) 5(14) 8(31) 29 (46) 3(37.5) 53(30)
Unknown 12 0(0) 1(4) 0(0) 0(0) 2(1)
Age, n (%)
Adults over 21 years of age 5(12) 35 (95) 19(73) 21 (33) 8 (100) 88 (50)
Youth aged 21 and under 21 (49) 0(0) 6 (23) 37 (59) 0(0) 64 (36)
Age unknown 17 (40) 2(5) 1(4) 5(8) 0(0) 25(14)
Race/ethnicity, n (%)
Black/African American 3(7) 2(5) 2(8) 4(6) 1(12) 12(7)
Asian/Pecific Islander 1(2) 8(22) 2(8) 11 (17) 0(0) 22 (12)
Caucasian 31(72) 25 (68) 20 (77) 40 (64) 5 (64) 121(68)
Hispanic/Latino 2(5) 1(3) 1(4) 2(3) 1(12) 74
Native American 3(7) 0(0) 0(0) 4(6) 0(0) 74
Mixed race 1(2 0(0) 0(0) 3(4) 1(12) 4(2
Other/unknown 2(5) 1(3) 1(4) 0(0) 0(0) 4(2)
Role, n (%)
Student 22 (51) 1(3) 5(19) 28 (44) 0(0) 56 (32)
Health professional 13 (30) 8(22) 1(4) 15 (24) 2(25) 39 (22)
Educator/teacher 3(7) 1(3) 5(19) 0(0) 0(0) 9(5)
Administrator/librarian 0(0) 9 (24) 0(0) 0(0) 0(0) 9(5)
Researcher 0(0) 13(35) 6(23) 14 (27) 6 (75) 40 (24)
Social worker 0(0) 2(5) 0(0) 12 0(0) 3(2
Counselor 0(0) 3(8) 1(4) 1(2 0(0) 5(3)
Law professional 0(0) 0) 3(12) 0(0) 0(0) 32
Other/unknown 5(12) 0(0) 5(19) 33 0(0) 13(7)
Parent/nonparent, n (%)
Parent 4(9) 0(0) 13 (50) 7(12) 2(25) 26 (15)
Nonparent 0(0) 0(0) 11 (42) 52 (83) 6 (75) 63 (35)
Unknown 39(91) 37(100) 2(8) 10 (0) 0(0) 88 (50)

Step 2: Generation

A total of 311 statements were produced during the generation
step of data collection. Refining the statement list led to
removing of duplicate statements (n=18) and merging of similar
statements (n=65). The final list of brainstorming statements
included 228 unique aspects of cyberbullying.

Step 3: Structuring

During the sorting procedure, participants sorted the statements
into individual groups, the number of groups ranged between
4 and 30 individual groups (mean 12.9, SD 6.1, median 11).
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Step 4: Representation

The stressvalue for thefit of the M DS sol ution to the structuring
data was 0.3 for the 9 cluster solution, indicating adequate fit.
Overdll, the 9 cluster solution presented in Figure 1 was found
to represent the best fit for the data after assessing atotal of 10
unique cluster solutions, ranging between 2 and 12 clusters.
The 9 clusters depi cted on the Cyberbullying Concept Map are
described in Table 2.
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Figure 1. Cyberbullying concept map developed by stakeholders including adolescents and young adults, parents, community members such as
educators, clinicians and attorneys. Each number represents a single item proposed by participants, and the clusters represents how participants sorted
itemsinto groups of alike concepts.

Table 2. Cyberbullying concept map clusters.

Cluster number Proposed name Example items

1 Characteristics of perpetrators and targets Lack of empathy, afraid to go back to school, and “small minds’

2 Conseguences for perpetrators and targets Alienating, crippling, and devastating

3 Characteristics of the bullying experience Aggressive, intent to harm, disrespect, and hostile

4and 8 Bullying techniques Ostracize, antagonize, and “mean girls’

5 Characteristics of the cyberbullying experience Anonymous, constant, and perceived lack of consequences

6 Cyberbullying techniques Making unwanted posts go viral, excessive messaging

7 Cyberbullying cases Sending rude messages from someone else’s account to get people mad
at the person

9 Perceived vulnerabilities Negative statements about clothes, family situation, intelligence, social

status, appearance, and sexuality

. . that a unique aspect of cyberbullying was that cyberbullying
Step 5: Inter pretation situations could arise from innocuous comments on the Web
Theinterpretation step firstinvolved reviewing theconcept map  that are taken out of context or jokes that go too far. These
and discussing participant perceptions of that map. Discussions  messages can be virally spread, such that they then represent
by participants consistently centered on how to describe pullying. As an example, an adolescent described how
cyberbullying as a phenomenon that was perceived as both  compliments posted on the Web can be twisted to become
similar to and distinct from traditional bullying. Commontopics  “backlash compliments, like oh your hair looks great [emphasis
of discussion included that many characteristicsand motivations  added].” The adolescent further described that these sarcastic
for bullying were considered to be similar and sometimes  commentswere morelikely to be“liked” or “shared,” allowing
identical for both cyberbullying and traditional bullying.  them to be seen and disseminated by others. Another example
However, participants felt strongly that there were unique described by a parent was learning that her son’s school was
aspectsto cyberbullying, including novel methods or situations  having a Web-based “draft,” described as follows: “they are
in which bullying could arise, as well as providing new tools  actually, like, doing adraft, afirst round draft, about which girls
for bullying perpetrators. For example, participants described  they want to take to the prom and ranking them, it is all done
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online” It was described that this scenario may not be
considered atraditional bullying situation but that it could have
similar negative impacts on youth who werethetargets. In these
scenarios, the initial communication or situation may not have
been unwanted or aggressively hurtful, but the situation could
devolve into bullying because of the format of Web-based
communication. Another areain which participants noted unique
aspects of cyberbullying was how the Web-based environment
provides tools so that atarget of bullying can “turn the tables”
to become a perpetrator. A quote from an adolescent described
the following:

...cause when you're in person you can see the
physical build of the person and if they’ re bigger than
you, you don’t usually want to pick a fight with them.
But on the internet, it's just a screen in front of you
with a username and they're all the same that way.

This quote describes participants views of how a target of
bullying can achieve power by using a*“screen in front of you”
to bully his/her perpetrator. Participants frequently discussed
their perceptions of heightened fluidity of theroles of perpetrator
and target in cyberbullying situations. The interconnectedness
of traditional in-person bullying and cyberbullying was also a
common topic. One example quote from an adol escent described
the following:

Umm so the people | know that, or the people that
I’'ve known that have been cyberbullied usually
they're the targets from like bullying at school and
they go and try to pass the pain on the internet to
someoneelse, soit’skind of likea circle going around
like that cause they can't like, they're not like, the
smaller guy can’t beat up the bigger guy, so he goes
on the internet and destroys him on the internet, and
the bigger guy comes back and destroysthe little guy
at schoal, soit'sjust like a circle between the two.

A notable trend in participant contributions to the topic is that
so many spoke from personal experiences with cyberbullying
scenarios. Adolescents spoke about situationsthey or their peers
had experienced. Parents often shared situations their children
had experienced. A parent described the following:

| wrote down some based on, um, experience one of
our daughters had about a year ago. Uh, repeated
contacts that were unwanted, so, just continuous
contacting, right, um, when not asked for, attempt to
push beliefs on to the recipient that are not those of
the recipient, uh, profane language if, of course it's
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not wanted, uh, yelling in the electronic message if
that’s not the, ya know, normal tone of the message,
and just threats or blackmail.

Translation to a Conceptual Model

On the basis of participant input, the conceptual model of
cyberbullying included the relationship between cyberbullying
and bullying (Figure 2). Key aspects of the conceptual model
included the overlap in bullying perpetrators and targets, which
includes clusters 1 and 9 from the concept map. Important
characteristics of bullying perpetrators suggested by participants
included bullying as “a way to deal with insecurities,” which
was suggested by ateacher. A characteristic of bullying targets
nominated by a legal professional was “afraid to go back to
school.” Within the circle describing bullying targets were
specific characteristics that were nominated as denoting
particular risk for bullying, including being of racial or sexual
minority groups. Some shared characteristics of both
perpetrators and targets included “ depression risk,” suggested
by several participants, including adults and adolescents. The
conceptual model aso included 2 overlapping boxes, with the
larger describing characteristics of the bullying experience;
these included descriptors, such as disrespectful, mean, and
aggressive. Overlapping thisbox was asmaller box representing
unique characteristics of cyberbullying proposed by participants,
such as* hides behind screen” (adult, parent). Similarly, alarger
box described bullying techniques, including falseinformation,
public shaming, or belittling. Overlapping thisbox wasasmaller
box representing techniquesthat were specific to cyberbullying,
including “displaying negative images’ (adult, health
professional) “covering with falsenames’ (adult, social worker),
and “virtua clique” (adult, administrator). Nestled within this
box was a smaller box in which specific examples of
cyberbullying cases were described, including “ photo-sharing
without consent” (adult, parent). The construct describing
consequences to bullying perpetrator and targets was a shared
construct. Participants reflected that they did not perceive
specific differences between cyberbullying and traditional
bullying for this construct. An areaof discussioninwhich there
was a lack of consensus was whether the concept map or
conceptual model appropriately represented the role of
bystanders. A quote from an older adolescent was, “| feel like
this entire thing isjust focused on the bully and the victim and
not just, it's just on them, and not the bystanders.” However,
other youth discussed viewing cluster 4 on the concept map as
adequately representing the role of bystanders.
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Figure 2. Conceptual model of cyberbullying and its relationship with bullying. Cluster numbers on the diagram are from cyberbullying concept map

in parentheses.
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and targets (1)

Characteristics of the bullying
experience
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the cyberbullying
experience

Consequences
for perpetrators

Bullying techniques

and targets

Cyberbullying
techniques

Discussion

Summary

This study used a concept mapping approach to gain insights
and perspectives from stakehol ders toward a concept map and
astakehol der-driven conceptual model of cyberbullying. During
the brainstorming step, stakeholders generated a diverse and
expansive list of statements describing cyberbullying. The
sorting procedure yielded a robust concept map of 9 clusters
that comprised characteristics of the people involved, actions,
and consequencesthat define bullying and cyberbullying. After
our concept mapping process, we utilized stakeholder insights
to develop a conceptual model that illustrates areas in which
cyberbullying issimilar to and unique from traditional bullying.
This conceptual model represents participants perception of
cyberbullying and suggests that cyberbullying can be best
understood within the context of al bullying behavior, with
recognition of the unique challenges it presents.

Principal Findings

A major finding of this study is the several ways in which
bullying and cyberbullying were aligned. Thisfindingisaligned
with emerging literature supporting strong connections between
bullying and cyberbullying. Recently studies have illustrated

that individualsinvolved in bullying often experience different
types of bullying within a given situation, which may include
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verbal, physical, and cyber experiences [18,20]. Similarly, we
found that a key area of overlap between cyberbullying and
traditional bullying includes characteristics of the individuals
involved. This study’s participants described characteristics of
both bullying perpetrators and targets that applied to traditional
bullying and cyberbullying, including describing bullying as a
way to addressinsecurities. Participants emphasized the fluidity
of roles between perpetrator and targets for both cyberbullying
and bullying. They noted that an adolescent’s ability to engage
in cyberbullying would not be limited by physica or socid
power; thus, cyberbullying may augment the fluidity of roles
between perpetrator and target. Thisfluidity in rolesissupported
by Olweus' descriptions of “the bullying circle” inwhich targets
may become perpetrators (and vice versa) depending on
situations and circumstances [21]. The Uniform Definition of
bullying describes that bullying behavior involves an actual or
perceived power imbalance. In this study, the fluidity in roles
of perpetrator and target does not seem to represent a shift in
the actual power of theindividual, but it could represent power
derived from the tool that is used to bully: the internet. Another
areaof similarity between cyberbullying and traditional bullying
was that the consequences of both were described in a single
construct in the interpretation diagram. This single construct
impliesthat our diverse stakeholders, including educators, legal
experts, health professionals, as well as teens themselves,
perceive that significant and similar negative consequences
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result from both cyberbullying and traditional bullying. A second
critical finding is the areas in which stakeholders elucidated
their perceptions of differences between cyberbullying and
traditional bullying. These included characteristics of the
bullying experience, including the capacity for anonymity by
“hiding behind screens’ in cyberbullying. Therole of anonymity
in cyberbullying has been noted in previous studies [2].
However, traditional bullying is not without the capacity for
anonymous actions, including sending threatening notes
anonymously or damaging property secretly. Even so, the
perceptions of participants about anonymous bullying via the
internet was a topic of concern and even alarm for many
participants. Finally, the concept map and accompanying
conceptual model serve as data-driven visual representations
of the complexity of bullying. This complexity isillustrated in
our concept map, and it includes shared characteristics among
perpetrators and targets, a variety of tools and approaches to
consider, and negative consegquences for both actors. Our
findings support aneed for research that considers mechanisms
or processesthat can explain how an individual may experience
bullying and its consequences differently, depending on the
context of that bullying event or situation. A “ person by situation
by context” interaction has been applied to research in other
areas, and the recent National Academies of Science,
Engineering, and Medicine report supports integration of these
frameworksinto research on bullying [21]. Thisstudy’sfindings
provide a conceptual model to understand an individual’s
journey through these experiences, but further work is needed
to understand how context playsarolein determining outcomes
of abullying event or experience.

Limitations

Several limitations to this study should be considered.
Traditional concept mapping methodology provides guidelines
for small numbers of participants at each stage. To provide
additional depth to this process, we included a larger number
of participants than is typicaly involved in concept mapping
to represent the various stakeholders who are involved in
cyberbullying. As we used a purposeful sample, this study’s
participants are not generalizable, and they may have had similar
perspectives. However, this study’'s findings that many
participants provided insights and quotations from direct
experience with cyberbullying support our purposeful sampling
approach to engage a stakeholder involved in cyberbullying
situations. Furthermore, the majority of data collection was
focused in 1 geographic location. This study focused on
cyberbullying applied to adolescents; we did not specificaly
target or include cyberbullying as applied to children or adults.
Further work should investigate whether findings may generalize
to young-adult age groups, in which cyberbullying has been
shown to be common [22,23]. Finally, we modified the
traditional concept mapping approach by adding a trandation
to the conceptual model step using key informant interviews.
This step adds value to this study’s outcomes, but this is by
definition outside the typical 5-step concept mapping process.

Implications

Despite these limitations, this study hasimportant implications
inillustrating the key factorsthat define cyberbullying from the
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perspectives of stakeholders. The conceptual model devel oped
inthisproject illustrateswhat key factors have been internalized
by stakeholders both through direct experience and through
exposure to sources, such as schools, media, and patients. The
arrangement of conceptsin our conceptual model suggests that
cyberbullying cannot be considered a distinct entity from
bullying, which is supported by the recent National Academies
report [21]. However, stakeholders perceive that there are
aspects of cyberbullying that support it asmore than just another
bullying context. Although the Uniform Definition of bullying
was created to apply to bullying across all types and contexts,
thisstudy illustratesthat thereis still astrong public perception
that cyberbullying presents distinct opportunities and challenges
compared with traditional constructs of bullying. To unify efforts
to prevent and intervene with bullying, as well as to measure
and assess it over time, future work must address these
stakeholder perceptions. To promote acceptance and uptake of
the Uniform Definition of bullying among stakeholders, it is
possible that the definition would benefit from evaluation for
the context of cyberbullying or consideration toward adding
languageto clarify its application to cyberbullying. Thisstudy’s
findings suggest that clarifications to the Uniform Definition
may include acknowledgment that power imbalance may be
created by tools such as the internet rather than cyberbullying
being solely considered as a preexisting condition within a
perpetrator. As the Uniform Definition is meant to be used by
educators, policy makers, and researchersin the realms of both
traditional bullying and cyberbullying, it isimportant to ensure
consistency in interpretation and application of this definition
across these stakehol der groups. Implicationsfor policy include
providing clarity and consistency in language when measuring
bullying andin policiesthat address bullying. Assessment tools
may need to clarify whether questions about bullying behavior
include cyberbullying, and they may need to use consistent
terms and language to ensure responses are valid across
populations and over time. Furthermore, most states currently
have separate policiesfor addressing bullying and cyberbullying,
which may contribute to public perceptionsthat these represent
separate entities [21]. This study’s findings support that
integration of these conceptsis supported by the overlap in key
concepts. Implications for health providers working with teens
and their parents include understanding that assessments for
bullying need to address both traditional bullying and
cyberbullying. Asking questionsin aclinic that encompass both
experiences or are open ended—such as “have you ever had
any experienceswith bullying?—may promote open discussion
about the different types of bullying or different roles a teen
may have played. Furthermore, providers can acknowledge that
experiencing either or both types of bullying is common and
consequential. Fortunately, newer studies suggest that
interventions designed to address cyberbullying also affect
bullying, further illustrating the strong connection across
bullying behavior [20,24].

Conclusions

In conclusion, findings support that cyberbullying is best
understood in the broader context of bullying, but findings also
support that stakeholder perceptions about the uniqueness of
cyberbullying are strong. Bullying presents a complex set of
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behavior within rolesthat may befluid and may lead to negative  findings may be applied toward working toward a shared
consequences for both perpetrators and targets. Findings may  understanding of key concepts in bullying with stakeholders
be applied toward achieving greater consistency in our who arein the field, addressing bullying with teens and their
definitions, assessments, and policies regarding bullying, and  parents as part of their everyday jobs.
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