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A Web-based Interactive Tool to Reduce Childhood Obesity Risk in Urban
Minority Youth: Usability Testing Study
Abstract
Background: Childhood obesity is a serious public health issue among minority youth in the
United States. Technology-enhanced approaches can be effective for promoting healthy
behavior change.
Objective: The purpose of this study was to test the usability of prototypes of a web-based
interactive tool promoting healthy dietary behaviors to reduce childhood obesity risk in urban
minority youth. The web-based tool comprised a manga-style comic with interactive features
(e.g. sound effects, clickable pop-ups), tailored messaging, and goal-setting, and was optimized
for use on tablet devices.
Methods: Latino and Black/African-American (AA) children ages 9 to 13 years were recruited
to participate in two rounds of usability testing. A modified think-aloud method was utilized.
Self-reported surveys and field notes were collected. Audio recordings and field notes from
usability testing sessions were systematically reviewed by extracting and coding user feedback
as either positive comments or usability/negative issues. The quantitative data from selfreported questionnaires were analyzed using descriptive statistics.
Results: Twelve children (4 female; 8 Black/AA), with a mean age of 10.92 ±1.16 years
participated. Testing highlighted overall positive experiences with the web-based interactive
tool, especially related to storyline, sound effects, and color schemes. Specific usability issues
were classified into six themes: appearance, content, special effects, storyline, terminology, and
navigation. Changes to the web-based tool after Round 1 included adding a navigation guide,
making clickable icons more visible, improving graphic designs, and fixing programming
errors. In Round 2 of testing (after modifications to the web-based were incorporated), many of
the usability issues that were identified in Round 1 did not emerge.
Conclusions: Results of testing will inform further development and finalization of the tool,
which will be tested using a two-group pilot randomized study, with the goal of reducing
childhood obesity risk in minority, low-income youth.

Keywords: usability testing, interactive technology, mHealth, childhood obesity, minority;
health nutrition, health education
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Introduction
Background
The World Health Organization considers childhood obesity one of the most serious public
health challenges of the 21st century [1]. In the United States (US), the prevalence of obesity among
youth was 18.5% in 2015-2016 [2]. The challenge remains pronounced among some communities,
especially in low-income, minority populations. Latino and Black/African-American (AA) children
have the highest rates at 25.8% and 22.0% respectively [2]. Furthermore, the prevalence of
childhood obesity among school-aged children (6-11 years) (18.4%) and adolescents (12-19 years)
(20.6%) is higher than among preschool-aged children (2-5 years) (13.9%) [2]. Childhood obesity
leads to negative health outcomes, such as type 2 diabetes, cardiovascular disease and hypertension,
which can continue through to adulthood [3, 4, 5]. This complex epidemic has been attributed to,
among other behaviors, the increased consumption of energy-dense and low-fiber foods [6, 7] as
well as the reduced consumption of nutrient-dense fruits and vegetables [8, 9].
Effective, yet innovative interventions are needed to capture the attention of children living
in a multi-media environment. The pervasiveness of daily technology and new media use in youth,
particularly within the Latino and Black/AA population [10, 11, 12], highlights opportunities and
potential new avenues to engage with this priority population [13]. A systematic review indicated
that web-based programs, as part of a multi-component intervention, could reduce obesity and
overweight in school-aged children [14]. Web-based and technology-assisted interventions,
particularly if developed using human-centered approaches and informed by theory [15], have the
potential to increase access, improve convenience, decrease cost and increase participant
engagement with dietary behavior change strategies, especially among culturally diverse and hardto-reach communities [16, 17, 18, 19].
Theoretical Basis and Content of Intervention INC
Intervention INC is a theory-based, web-based interactive tool promoting healthy dietary
behaviors, specifically increased fruit/vegetable (F/V) and water intake, with the goal to reduce
childhood obesity risk in Latino and Black/AA youth. The main component of the web-based tool is
a novel interactive manga comic, optimized for use on tablet devices. While research is limited,
Japanese comic art, commonly known as manga, have previously been used as part of cognitive
behavioral therapy to improve depressive symptoms in Japanese adults [20], as a mental health
campaign for youth in England [21] and as an obesity prevention tool for minority children in the
US [22] [23]. Unlike Western-style comic books, manga are a unique form of multimodal narrative
media that stimulate a reader’s attention by combining detailed visual images and text to create
more of a subjective or personal viewpoint of a story [24]. Another distinct feature of manga comics
is their wider range of genres. Manga comics are an increasingly popular form of entertainment in
many countries, including the US, irrespective of gender, nationality or age [25, 26, 27, 28]. While
such popularity increases the opportunity for reach of manga comics, components such as story plot
and character details (e.g., physical features, language use, personal preferences) can be developed
to tailor these comics for specific minority populations.
The comic component of the web-based tool was guided by the Narrative Transportation
Theory (NTT). The NTT explains how narrative communication, such as manga comics, could
contribute to changes in health-related beliefs and behaviors by transporting the reader into the
narrative world [29]. According to the NTT, transportation into a narrative world is believed to lead
to acceptance of persuasive messages within a story through multiple mechanisms, which include
positive relationships with story characters, lowered resistance to story messages, and similarities to
real world experiences [30, 31, 32, 33, 34]. If a reader likes or identifies with a specific character,
the events experienced by the character or statements made by the character may have a greater
effect in shifting the reader’s beliefs [33] [34]. As a result, narrative messages may be more
effective than fact-based evidence, particularly when the messages are not similar to one’s own
beliefs [29]. Additionally, readers tend to be more engaged with stories that are similar to their
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personal experiences and cultural values [29]. Thus, embedding health messages into storylines
with realistic and relatable scenarios could further engage readers, and thus potentially impact
health-related attitudes and beliefs. The NTT also suggests that images are most impactful when
they are embedded in a story rather than provided in isolation as it could enhance the narrative
influence [35]. Therefore, visual images relevant to the story’s message, such as those incorporated
in manga comics, may further impact attitudes and beliefs.
Social Cognitive Theory (SCT) is a frequently used framework in effective dietary behavior
change interventions [36, 37], and also lends explanation to ways in which a manga comic may
influence health behavior in youth [22, 23]. Exposure to characters in the storylines may facilitate
observational learning and influence health behaviors, particularly when readers relate to the
characters in the comics and consider them role models [38]. With input from members of the
priority population throughout development, character personalities, interests, and appearances can
be designed to increase the likelihood that readers may see them as relatable, and thus role models.
The development of similar entertainment-education narratives draws greatly on SCT by using role
models to perform new behaviors [39, 40, 41]. Further, the use of relatable characters to illustrate
the positive effects of healthy eating and the negative effects of unhealthy eating operationalizes the
construct of outcome expectations for the readers of the comic. Thus, an engaging manga comic
informed by the NTT, which includes health messages and content guided by SCT, may be an
effective vehicle to promote healthy eating behaviors.
Another key component of the web-based tool is goal setting. Goal-setting is discussed in
several behavior change theories, including SCT and Goal-Setting Theory, and involves a
commitment to change through small steps [42, 43, 44]. These theories similarly relate goals to
outcome expectancy and self-efficacy, both of which are needed for goal commitment and
attainment. Further, goal-setting and self-monitoring are approaches through which self-regulation
is operationalized. In the web-based tool, goal-setting, weekly assessment of goals, and tailored
feedback are integrated as theory-guided approaches to support healthy behavior change.
The Concept of Usability Testing
According to the US Department of Health & Human Services, usability testing refers to
evaluating a product or service by testing it with representative users [45]. Usability testing is a
crucial step in the development of online health tools and mobile health (mHealth) applications and
technologies to ensure that they are accessible, understandable, and useful to end users, and are
delivered in an efficient, effective, satisfying, and culturally-competent manner [46, 47]. Although
several studies have emphasized how usability testing can improve technology-based tools [43, 44,
45], there is limited research detailing usability testing methods for mHealth tools with youth users,
especially under 13 years of age [48, 49, 50, 51, 52, 53]. A challenge often cited is that traditional
usability testing approaches, whether via survey or qualitative methods, are designed for adults and
may require different practical, methodological, and ethical considerations with children. The
literature also highlights the importance of taking into account individual characteristics that may
make it easier or more difficult to participate in these verbal reporting methods, such as level of
“extraversion” and “friendliness”[51, 53, 54, 55]. For example, usability testing done with very
young children (younger than 7 years) have highlighted issues related to impatience during testing,
unpredictable reactions (especially if the child is uncertain on what to do), and minimal remarks
made by users while using a typical think-aloud protocol [55, 56]. At the same time, authors have
emphasized how behavioral observation (especially during “free play”) often provides the most
useful information and insight into usability [55, 56]. While simplifying typically used usability
survey questions or think-aloud verbal probes may address issues of literacy and understandability
in children, this may also diminish the depth of relevant feedback provided by youth users. Thus,
more research is needed to demonstrate successful approaches to usability testing among youth, and
particularly among the understudied preadolescent population (9 to 12 years). The lack of published
studies in this area suggests that health promotion web-based tools are being developed without
formal involvement or evaluation by potential users, which can impact their potential usefulness,
relevance, and effectiveness.
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The purpose of this study was to conduct usability testing with Latino and Black/AA preadolescents
to evaluate prototypes of Intervention INC. Usability testing results will be used to finalize the tool,
which will be evaluated in a pilot randomized-controlled trial (RCT).

Methods
Study Overview
The current study is part of a larger study that aims to design, develop, and evaluate the
Intervention INC tool. Table 1 outlines the multiple phases and research activities of the overall
study; the research activities specific to this study are underlined. The methods described below
focus on the two rounds of usability testing conducted during the development phase with children
using prototypes of the Intervention INC tool.
Table 1: Phases of Intervention INC tool design and evaluation (research activities specific
to this study are underlined)
PHASE

ACTIVITIES

Formative

-

focus groups/interviews with children and parents

Development

-

internal development of initial web-based tool concepts
co-designing of web-based tool content and design with children
and parents
usability testing of web-based tool prototypes with children and
parents

Evaluation

-

2-group pilot randomized controlled trial to evaluate feasibility and
acceptability of web-based tool with child/parent dyads

Sample/Participants
English-speaking Latino and Black/AA children ages 9 to 13 years were recruited to
participate in two rounds of usability testing (R1 and R2) to provide feedback and identify problems
to help inform final development of the web-based tool. Participants were recruited from a contact
list of 36 children, who had participated in previous formative phase focus groups/interviews
(manuscript under review) and early development phase study sessions (manuscript in preparation).
These youth were originally recruited via a community-based organization primarily serving
children in high-need New York City neighborhoods and local outreach near businesses within the
East Harlem, New York neighborhood.
Eligibility criteria for this prior study sample consisted of: the child being between the ages of
9 and 12 years; the child self-identifying as Latino and/or Black/AA; the child being Englishspeaking; the child having internet access, as well as access to a smartphone or tablet; and the child
having an interest in talking about food and technology. We did not screen for reading or digital
literacy level as content in the web-based tool was delivered via multiple mediums, including text,
audio, and images. Literature suggests that pictures and audio-assisted reading improves reading
comprehension and lowers literacy level of the text [57, 58].
Children meeting eligibility criteria were scheduled for a one-on-one usability testing session
with a study staff member. R1 sessions were conducted in June 2017 and R2 sessions in July 2017
after certain modifications were made to the web-based tool. The goal was to recruit five to eight
children in each round of usability testing as it has been reported that usability testing with five
users will reveal 85% of usability issues [59, 60]. Child assent was obtained prior to study
participation, in addition to parental permission and a photo release form. Participants received a
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$10 gift card and a round trip Metrocard upon completion of the session. All study activities were
approved by the Institutional Review Board at Hunter College.
Web-based Tool Description
The web-based tool tested in R1 and R2 comprised a 3-chapter interactive nutrition comic
with a character profiles section and embedded interactive features (e.g. sound effects, character
voice-overs, clickable pop-up windows) to engage users. At the end of each chapter, a tailored
message from a character was provided to the user promoting either F/V or water intake, as well as
a prompt to select a goal related to either increasing F/V or water intake. Figure 1 shows a flowchart
of the web-based tool components that were tested within the current study.
The web-based tool was optimized for use on tablet devices as formative research with a
similar population highlighted that a majority of parents reported owning smartphones and tablet
devices, and a majority of children reported preferring tablets over laptops (manuscript in
preparation). For the purposes of comic development, tablets were preferred over smartphones
because of the larger display size, and also preferred over laptops to maintain the touchscreen
capabilities. Throughout development, the tool was tested on devices with iOS/Android/Windows
operating systems and across Safari, Chrome, Firefox, and Internet Explorer web browsers.
Figure 1: Flowchart of web-based tool components

The final version of the web-based tool will include an additional three chapters (six
chapters in total), post-chapter trivia questions, and rewards for correct answers, as well as
expanded health information and fun-fact pop-ups throughout each chapter to reinforce health
messages. Screening questions will also be incorporated and asked first to determine whether the
child receives messages, goals, and comic content focused on either F/V or water intake.
Data Collection
Testing sessions for R1 and R2 followed similar procedures. They were conducted in private
rooms in a college campus building with two trained researchers (one as a moderator and the other
as a note-taker). Demographic information (e.g. age, gender, race/ethnicity) and technology
use/preferences (e.g. “What devices do you use to access the internet or download apps?”) of
scheduled child participants were previously assessed during formative phase study sessions via a
questionnaire. However, these data were collected from any unscheduled child participants that
attended a usability sessions (additional details in Participant Characteristics section). During the
usability testing sessions, a combination of qualitative and quantitative methods were implemented.
Both methods are essential in the iterative design cycle [61]. Each session comprised of a brief
think-aloud training, usability testing of the web-based tool with a modified think-aloud protocol
and moderator guide (with examples of prompts to encourage verbalized feedback from participants
throughout testing), and a questionnaire to assess usability and acceptability. Each participant
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accessed the web-based tool using a touch screen laptop (MicrosoftⓇ Surface Pro) as it provided
flexibility for the participant to use the device as a computer or tablet. Usability testing sessions
were audio-recorded and field notes were taken to document participant’s comments, performance,
behaviors, and nonverbal body language.
Think-Aloud Training
When using think-aloud with adults, examples from the literature suggest starting with a
practice session where a moderator/evaluator asks the participant to do an example task similar to
the target tasks to orient participants to the practice of talking out-loud (as opposed to explaining)
before actually engaging with the developed tool/system [62, 63]. Once the participant starts
interacting with the tool/system, evaluators should only intervene when a participant stops
verbalizing their thoughts, and only use simple, short, and non-directive prompts such as “keep on
talking” to minimize biasing the user to change their behavior. Prior to the usability testing with our
web-based tool, the moderator explained to participants the purpose of the session (e.g. to test an
early version of a website using a tablet to get feedback and suggestions on how to make it better)
and provided instructions on how to “think-aloud” while testing different sections of the website.
Our protocol included the moderator explaining the concept (e.g. “I want you to say out loud what
you are thinking as you use the tablet to go to the website”) and providing an example to practice
(e.g. “I want you to raise the volume of this tablet while thinking out loud”). This example was
practiced until the child demonstrated an understanding of how to “think-aloud” (e.g. explained
outloud that he/she is looking for the volume button on the side of the tablet and pressing the “up”
button to raise the volume). In addition, as there is limited literature on using the think-aloud
method with youth, moderators were prepared to use more directed prompts/probes and questions in
the case that child participants forgot to verbalize their thoughts while using the tool.
Usability Testing of Web-Based Tool
Participants were first asked if they would prefer to receive a message with a link to the
website by text or email. They were then provided with a printed sample text/email message that
included the website URL. The moderator asked the participant if he/she knew what to do next (i.e.
click on website URL or open a browser to type in the URL). Once the website URL was entered
into a browser on the tablet, a login page was displayed with a form to enter a username and
password. The moderator provided the username and password for participants, and observed if the
participant was able to enter in the information to log in. Once logged in, participants were allowed
to navigate freely through the different sections of the web-based tool, but were guided to cover all
the sections, which included comic chapters, goals, the message board and character profiles (see
Figure 1).
Throughout usability testing of the web-based tool, participants were encouraged to thinkaloud to explain what they were thinking as they were navigating through the sections. While
reading the comic, the participants were specifically encouraged to read aloud, verbalize reactions,
and share initial thoughts with the moderator. Examples of think-aloud prompts included, “What is
the first thing you notice on this page?”, “Can you tell me what you’re doing?”, and “Is there
anything you would change?” Prompts were also provided to encourage specific feedback once a
child experienced any special effects in the comic or interacted with clickable icons (e.g. “What did
you think about that animation?”, “Why did you click that?”, “What do you think of that pop-up
message?”).
A note-taking guide was also developed for use by the note-taker to record observations of
participant’s responses (especially nonverbal) during usability testing of the comic section. The
note-taking guide included screenshots of each panel of the comic, along with multiple checkboxes
(e.g. to check which automatic animations displayed automatically), YES/NO options (e.g. to
indicate if user selected a goal), and reminders for the note-taker to record start/end times and note
general comments. Using this guide, data related to time taken to complete each comic chapter,
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number of usability issues, frequency of interaction with clickable features within the comic, and
specific comments made in each panel of the comic could be collected.
Perceived usability and acceptability
The perceived usability and acceptability of the web-based tool was assessed using a
questionnaire provided to each participant after the usability testing session. The questionnaire was
administered via pen and paper, and the moderator was available to answer any questions about the
survey or clarify words that the participant did not understand. The moderator additionally
highlighted that this questionnaire was not meant to test the child, but was a way for the child to
express how easy or hard it was to use the web-based tool so that the developers could improve it
for future users.
The questionnaire combined and modified items from the System Usability Scale (SUS)
[64], the Usefulness, Satisfaction, and Ease of use (USE) questionnaire [65] and an
acceptability/usability measure questionnaire [66] in order to assess five usability domains:
usability, usefulness, ease of use, ease of learning, and satisfaction. The combined questionnaire
consisted of 37 items scored on a five-point Likert scale from strongly disagree to strongly agree.
The usability domain comprised of the 10 items in the SUS questionnaire. Two items comprised the
usefulness domain (one from the USE and the other from the acceptability/usability measure). Ease
of use domain was assessed using 13 items (10 from the USE and three from the
acceptability/usability measure). Ease of learning was assessed by the same four items found in the
USE questionnaire. The satisfaction domain comprised of eight items (all from the USE, except for
one that was added from the acceptability/usability measure).
The combined questionnaire was pilot-tested in earlier development phase study sessions
with a similar population of children ages 9 to 12 years (manuscript in preparation). Based on this
previous testing, some modifications were made to tailor the questionnaire according to children’s
literacy levels for the current study. For example, the item “I found the system very cumbersome to
use” was replaced with “I found the website very awkward to use” and “I would imagine most
people would learn to use this system very quickly” was changed to “I think most people my age
would learn to use this website very quickly”. Additionally, changes were made to make the
questions more appropriate for our web-based tool. For example, the word “system” or “tool” was
replaced with the term “website”.
Data Analysis
Analysis of think-aloud data, including coding categories and themes were guided by
approaches used in previous literature [46, 67, 68]. Audio recordings from usability testing sessions
were not transcribed verbatim as interactions with the tool (e.g. audio of character dialogue
prompted by touching interactive icons) were more evident from listening to audio recordings.
Microsoft Excel version 15.33 was used to assist with data organization and analysis. For both R1
and R2 of usability testing, the audio recordings and field notes were systematically reviewed. First,
child utterances during usability testing were extracted and coded as either positive comments or
usability issues (which also included negative comments verbalized by child participants). Similar
or related comments were then grouped into themes and subthemes. Each code was counted in
coding units. Coding units consisted of sentences or reactions from the participants and
programming glitches counted during usability testing. The major coding rules were as follows: (1)
multiple sentences or reactions that referred to the same matter were coded as one unit (e.g., if a
participant made multiple comments about a picture being too small, they were all counted as one
unit); (2) agreements between participants on the same matter in dyad sessions were counted as two
units (e.g., if a participant made a comment and his/her pair agreed, the two comments were
counted separately); and (3) programming glitches that occurred during dyad sessions were counted
as one unit.
To ensure the reliability of the content analysis, the coding and themes were continually
validated by two other researchers throughout the analysis process. Specifically, the primary analyst
coded the data and then presented the analysis to two other researchers who reviewed code
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application to comments/verbalizations. If any inquiries or disagreements arose regarding codes and
themes, the three researchers discussed and resolved any discrepancies. Coding revision and theme
refinement continued until the data analysis was complete. Field notes were reviewed to help
inform analysis.
The quantitative data from self-reported questionnaires about participant’s usability and
acceptability of the web-based tool across the five domains were analyzed using SPSS version 22
and Microsoft Excel version 15.33 to calculate the means, standard deviation, and ranges
(minimum-maximum) for the overall score as well as subscales. For usability domain questions (10
items), separate means, standard deviation, and ranges were also calculated based on the SUS
scoring protocol [64].

Results
Participant Characteristics
A total of 12 children (n=6 per round) were recruited. R1 consisted of two dyad sessions and
two individual sessions and R2 consisted of six individual sessions. While dyad sessions were not a
part of the initial study design, they were conducted in R1 as two scheduled children brought their
relatives. The overall mean age of participants was 10.92 ±1.16 years (range 9 to 13 years). The
mean age of participants in R1 was slightly higher than in R2, 11.17 ±1.33 and 10.67 ±1.03,
respectively. Majority of the participants were male (n=8) and Black/AA (n=8). Among the twelve
participants, eight (3 in R1; 5 in R2) were involved in the co-designing process of the web-based
tool and participated in a previous usability session of the first prototype (conducted in March 2017,
which evaluated only Chapter 1 of the comic).
Technology Use
Prior to accessing the web-based tool, participants were asked whether they would prefer to
receive messages about the web-based tool through text message or email. Participants’ preference
was text message (7/12) over email (5/7). The most common devices used to access the internet or
download apps were iPadsⓇ/tablets (11/12) and smartphones (10/12), followed by desktop
computer/laptop (8/12) and xBox (5/12). Other devices participants reported to use to access the
internet or download apps were iPodⓇ, WiiⓇ and KindleⓇ. Smartphones and iPads/tablets were the
top two devices used most often. However, smartphones were the preferred devices among
participants (8/12). While the majority of participants used smartphones, two out of 12 indicated
they do not use smartphones. Among the participants who used smartphones, four out of 12 shared
their smartphones with someone else in the family, normally with mom and siblings. Table 2
summarizes the participants’ demographic and technology characteristics.
Table 2. Demographic characteristics and technology use of participants
Mean ± SD or n (%)
Characteristics

R1 (n=6)

R2 (n=6)

11.17 ±1.33

10.67 ±1.03

Total
(n=12)
10.92 ±1.16

Male
Female

4
2

4
2

8
4

AA/Black
Latino
Preferred notification platform
Text message
Email

4
2

4
2

8
4

4
2

3
3

7
5

Age (year)
Gender
Race
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Participants who have been involved in
the co-designing process of the webbased tool
Participant who have been involved in
a previous usability session
Devices used to access internet or
download apps
iPad/Tablet
Smartphone
Desktop computer/Laptop
Xbox
Other (ex. iPodⓇ , WiiⓇ ,
KindleⓇ )

Type of smartphone
Android (ex. SamsungⓇ )
iPhoneⓇ
Don’t use a phone
Participants who share smartphone
with other family members

2

3

5

1

2

3

6
5
3
3

5
5
5
2

11
10
8
5

2

1

3

4
1
1

2
3
1

6
4
2

3

1

4

Usability Testing Themes
Overall mean testing time was 65 ± 12 minutes with mean time in R1 slightly higher than in R2
(67 ± 8 minutes vs. 63 ± 15 minutes, respectively). Testing revealed a total of 586 comments or
reactions. A greater number of comments and reactions were collected in R1, especially during dyad
usability sessions (329 collected in R1, 257 collected in R2). Table 3 provides a summary of
participants’ comments and reactions, which have been classified under six themes: appearance,
content, special effects, storyline, terminology, and navigation. Additional comments were labeled
under general feedback. Participants’ comments and reactions were further categorized as either
positive comments or usability issues. Overall, there were more positive comments (70.8% in R1;
65.8% in R2) compared to usability issues (29.2% in R1; 34.2% in R2) in both rounds.
Appearance referred to the impressions of how the web-based tool looked and included the
design, layout, illustrations, font and colors. Participants approved of the illustrations of the comic
and the overall design of the web-based tool. One participant mentioned this referring to the
illustrations of the comic: “I like it’s [the comic] anime.” However, they had complaints on the
colors as the comic was in black and white with only some instances of color. One participant
expressed “I would like it [the comic illustrations] better in color, we are in 2017!”
Content included information that was delivered through the web-based tool. Participants
found the information provided in the character profiles section most interesting. Participants
expressed particular interest in the character’s favorite recipes, hobbies, and favorite links (i.e.
external online games and apps). One participant mentioned wanting to know the character’s
favorite color. Participants also reported liking the fun facts. For example, one participant said
“Interesting, I didn’t know that [basketball fun fact].” However, three R2 participants felt that some
of the pop-ups and post-chapter messages were “off-topic” or not relevant to the story. Participants
in R1 suggested that a guide could be added to learn how to use the interactive features within the
comic. However, after the guide was included, some R2 participants commented that while they
thought the guide was useful, it was not necessary to include it at the start of each chapter.
Special effects were comic features, including sound effects, voice-overs of some selected
character dialogue, clickable pop-up windows with additional information, and animation, meant to
increase immersion into and engagement with the comic. Participants commented positively on
them and asked for more special effects. Suggestions were even provided as to specific scenes in the
comic where additional special effects could be incorporated. Some of the quotes were “It is funny
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that he’s [the chameleon] blinking his eyes” and “It would be cool if they [the characters] were
moving. Kind of funny too.”
Storyline comprised any comment related to the plot of the nutrition comic. Overall, the
storyline was positively received, especially the flashbacks (i.e. of character memories) and the
“love triangle” between characters. Participants were generally very engaged while reading through
the comic, often using vocal inflections to express reactions or sometimes reading character
dialogue out loud and mimicking the character voice. In general, participants thought the comic was
humorous and chapters had interesting endings, which made them eager to read subsequent
chapters. Participants also mentioned liking the characters and relating to at least one of them.
However, there were parts of the storyline where the older participants had other expectations. One
participant mentioned “That’s it? The worm thing… Oh, I thought it would be something different.”
Terminology referred to the words, abbreviations, and onomatopoeia used in the web-based
tool. There were a few words that participants had trouble reading, such as, “high fructose corn
syrup” and “hypertonic solution” Participants stated they did not know the meaning of some words
and abbreviations (“What does NPS mean?”, “What is an athlete?”). No problems were encountered
with the onomatopoeia as children correctly identified the intended sounds.
Navigation reflected the way a user navigated the web-based tool to complete tasks. For one
participant, it was not clear the steps that should have been followed to access the web-based tool
(i.e. open a browser and typing in URL). Three participants also pointed out that they did not know
what to do after completing a section or a task. Their suggestions included adding some guidance
texts like “type this link into your browser” and “check back next week for a new chapter”. On the
other hand, participants also provided positive comments related to navigation. Turning pages was
often an issue for participants as the touch-area to “swipe” was narrow and not as obvious to users.
Four participants were confused on how to go back to the main page, commenting that, “you should
make Home link bigger and more obvious.” One participant said, “I love being able to swipe and
zoom in.”
General feedback included any other broad comments related to the web-based tool.
Overall, participants’ general feedback was very positive. For example, two participants said “I
liked it [the web-based tool], I want it on my phone!” and “I would give it [the web-based tool] a
9.9!!!”
Table 3. Content analysis of usability testing
Themes
Appearance
Positive comments

Usability issues

Content
Positive comments

Frequency of Units
R1
R2

Sub-themes

Liked drawings
Liked the design
Liked the colors
Drawing issues
Design issues
Color issues

25
9
10
4
15
4

22
13
6
7
6
2

Liked the info given
Easy and simple

33
8

31
2

Total
Counts
R1
R2

44

41

23

15

41

33

7
Usability issues

Add content
Change content
Confusing

5
2
0

10

7
3
5

24

Special effects
Positive comments

Usability issues
Storyline
Positive comments

Usability issues

Terminology
Usability issues
Navigation
Positive comments
Usability issues

Off topic
Delete

0
0

6
3

Liked the sound
effects
Liked the dialogue
Liked animation
Suggestion
Dislike/weird

19
14
16
13
1

4
18
15
6
2

Found humor
Liked storyline
Relatable
Other positive
reactions verbal and
nonverbal
Disconnect to
expectation
Suggestion/dislike
Un-relatable
Too long
Unclear

50
16
6
13

19
20
4
5

8

3

9
1
1
2

6
0
3
1

Confusing
Difficult

8
6

6
2

Liked operation
features
Unclear
Difficult
Failed path

3

0

13
1
3

10
4
6

General feedback
Positive comments
Negative comments

11
0

49

37

14

8

85

48

21

13

14

8

3

0

17

20

11
10
0
0
Total number 329

10
0
257

Modifications to the web-based tool between R1 and R2
Although R1 participants provided multiple suggestions and different usability issues were
detected, modifications to the web-based tool between R1 and R2 had to be prioritized.
Prioritization adjustments were based on what the researchers believed would have the largest
positive effect on usability. Additionally, adjustments were chosen based on the time, resources, and
skills available on the development team.
The issues/problems highlighted by R1 users that we sought to address with modifications
between R1 and R2 included the following: (1) clickable icons for information pop-ups, sound
effects, or character dialogue were not obvious; (2) the touch feature to ‘swipe’ pages was not
intuitive; (3) the siblings in the comic story did not look related; and (4) multiple programming
errors were identified (i.e. tips not displaying after goals being selected, sound effect of ‘swiping’
page not playing, etc.). Modifications to the web-based tool to address these issues after R1
included: (a) making clickable icons more obvious and visible (changing shape, color, and pop-out
effect), and improving graphic design, such as a making a more unified and vibrant color scheme,
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forms; (b) adding background and pop-up images; (c) adding a navigation guide to highlight how to
identify and use touch features, including clickable icons and ‘swiping’ the comic pages; (d)
altering/improving comic illustrations; and (e) fixing programming errors. Figures 2, 3, and 4 are
screenshots of some of the additions and modifications to the web-based tool.
The modifications may have impacted users’ usability in R2. While none of the six R1
participants clicked special effects icons initially without being prompted by the moderator, all six
R2 participants selected these clickable icons without any prompts. Also, the proportion of
participants who navigated the comic pages by swiping was higher in R1 (from 1/6 in R1 to 3/6 in
R2, respectively). Additionally, it may have been clearer to R2 users that they needed to select a
goal at the end of each comic chapter (see Figure 4). In R1, only 2/6 participants understood that
they had to select a goal after viewing the goal-setting page for the first time at the end of the
chapter. However, all six R2 participants selected a goal without prompting by the moderator.
Lastly, there was an 80.0% reduction in unique programing glitches and errors in R2 after
modifications to the web-based tool were made after R1 (20 reported in R1, 4 reported in R2).
Figure 2. Navigation guide added as a modification to the web-based tool after Round 1 (R1)
of usability testing

Figure 3. Clickable icon modification added to the web-based tool after Round 1 (R1) of
usability testing
pre-modification
post-modification

pre modification

post modification
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Table 4 highlights the mean scores of the five usability domains (usability, usefulness, ease
of use, ease of learning and satisfaction) for R1, R2, and combined total (R1 and R2). The overall
total score of perceived usability and acceptability of the web-based tool was high (total mean =
4.29 ±0.99; range 3.19 to 4.81). Additionally, all five usability domains had combined total scores
of over 4.00. Specifically, ease of learning and satisfaction had the highest total scores (mean = 4.60
±0.71; range 3.25 to 5.00 and 4.48 ±0.83; range 2.88 to 5.00, respectively). In R1 specifically, all
domains had a mean score higher than 4.00, ranging from 4.40 ±1.04; range 3.80 to 4.80 (usability)
to 4.96 ±0.20; range 4.75 to 5.00 (ease of learning). In R2, three out of the five domains had a mean
score of 4.00 or greater. Usefulness and usability scored lowest with mean scores of 3.67 ±1.23;
range 3.00 to 5.00 to 3.80 ±1.16; range 3.10 to 4.60, respectively. Only two individual questionnaire
items of the 37 had a mean score lower than a 3.00. In R1, the item “I can use it without written
instructions” (item under Ease of use domain) had a mean score of 2.67 ±1.03; range 1.00 to 4.00.
However, the same item in R2 had a mean score of 4.00 ± 1.10; range 2.00 to 5.00. In R2, the item
“I felt very confident using the website” (item under Usability domain) had a mean of 2.33 ±1.51;
range 1.00 to 5.00. This same item in R1 had a mean score of 4.67 ± 0.52; range 4.00 to 5.00. In
separate scoring of the usability domain questions (10 items) according to the SUS protocol [64],
the overall usability was relatively high (total mean = 77.08 ± 13.97), with R1 participants rating
the usability of the web-based tool higher than R2 participants (85.00 ± 8.94 and 69.17 ± 14.11,
respectively).

Table 4. Participant’s usability and acceptability of the web-based tool*
Domain
(37 items)

R1 (n=6)

R2 (n=6)

Combined (n=12)

mean ± SD
(range)

(mean ± SD)
(range)

(mean ± SD)
(range)

Usability
(10 items)

4.40 ± 1.04
(3.80-4.80)

3.80 ± 1.16
(3.10-4.60)

4.10 ± 1.14
(3.10-4.80)

Usefulness
(2 items)

4.67 ± 0.65
(3.50-5.00)

3.67 ± 1.23
(3.00-5.00)

4.17 ± 1.09
(3.00-5.00)

Ease of use
(13 items)

4.50 ± 0.85
(4.31-4.69)

4.00 ± 1.04
(2.85-4.92)

4.25 ± 0.98
(2.85-4.92)

Ease of
learning
(4 items)

4.96 ± 0.20
(4.75-5.00)

4.25 ± 0.85
(3.25-5.00)

4.60 ± 0.71
(3.25-5.00)
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Satisfaction
(8 items)

4.73 ± 0.49
(4.38-5.00)

4.23 ± 1.02
(2.88-5.00)

4.48 ± 0.83
(2.88-5.00)

Total

4.58 ± 0.81
(4.41-4.76)

4.00 ± 1.07
(3.19-4.81)

4.29 ± 0.99
(3.19-4.81)

*Assessment questionnaire was developed by using a combination of items from the SUS [64], USE [65]
and acceptability/usability measure [66]. Response options ranged from 1 (strongly disagree) to 5
(strongly agree)

Discussion
The present study describes the methods and results of usability testing of Intervention INC,
a web-based tool to promote healthy dietary behaviors in Latino and Black/AA youth. Overall
evaluation of the prototypes tested over two rounds revealed positive experiences with the webbased interactive tool and opportunities to incorporate additions to increase engagement and
improve usability.
We observed that R1 participants did not engage with interactive clickable icons. Further
probing revealed that in most cases, users overlooked these icons despite moderators noting that
there were interactive features in the comic. Adding a “Guide to Interactive Features” at the
beginning of each chapter may have addressed this usability issue, evident by the fact that all R2
participants clicked on the icons without prompting by the moderator. Besides incorporating a
guide, no other content was added to the web-based tool. However, three R2 participants mentioned
that certain pop-ups and post-chapter messages were “off-topic” or not relevant. As each comment
made by these participants was counted as a usability issue, this may have contributed to a higher
number of content issues noted in R2. Also, some participants were not familiar with browsers and
one participant experienced difficulties when asked to type in URL links. Usability testing revealed
the importance of providing trainings or including user guides for technology-based tools. This is
consistent with a previous study where youth participants needed a short training session prior to
engaging with a web-based program focused on increasing physical activity [69]. Although youth
are familiar with technology and tablet-optimized tools like apps, they may need some training at
the beginning of web-based interventions to learn how to access online tools.
Usability testing also reaffirmed the feasibility and acceptability of embedding health
information into narratives, as well as the importance of using interactive features to enhance
engagement and assist with accessibility. For example, interactive features like pop-ups with
specific health information and accompanying images may increase engagement with the content.
In addition, the use of embedded (clickable) audio recordings for long character dialogue can help
with the literacy of the comic [70]. Overall, the use of a comic-style narrative to communicate
health information is an approach to delivering content to low-literate readers [71, 72]. In our study,
all participants demonstrated great interest in the comic storyline and interactive features (i.e.,
special effects, interactive pop-up, and swiping pages), and in some cases, even provided
suggestions on how to increase interactivity with the tool. This finding supports other usability
studies conducted by the Nielsen Norman Group (leading user interface and user experience
consulting firm), which concluded youth under the age of 12 years prefer animation and sound
effects and enjoy “hunting for things to click” [73].
From the usability issues identified during R1, modifications were made, such as
incorporating an interactive feature guide and improving the comic’s graphic designs (e.g. improved
clickable icons and character features). These modifications appeared to enhance R2 usability based
on observation and qualitative feedback. In addition, the improved score for the questionnaire item
“I can use it without written instructions” from R1 to R2 may be a positive indicator of the impact
of an incorporated user guide. However, in general, scores from the usability and acceptability
questionnaire (both in the overall questionnaire scores and just the SUS usability questionnaire
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scores) were slightly higher in R1 than in R2. Although the sample was not large enough to make
powered comparisons, the scores may have dropped because R2 had a higher number of
participants who were involved in the co-designing process and/or a previous usability session.
Those who participated in previous web-based tool development activities may have had higher
expectations of the web-based tool than the participants who did not have prior exposure. Age could
be another explanation as children become substantially more web-savvy as they get older [74]
[75]. R1 participants were on average half a year older than R2 participants. Half a year may be a
significant amount of time in relation to cognitive and/or literacy development, particularly with
school-aged youth [76]. This age difference (and possible differences in reading and
computer/digital literacy associated with age) could also explain the fact that R1 participants scored
the item “I felt very confident using the website” with a much higher mark than R2 participants. In
addition, since some of the R1 participants interacted with the tool as a dyad, they may have
perceived the tool as having higher usability since they were able to navigate through the tool with a
partner. Even if a child may have faced a usability issue, these may not have been captured or
explicitly experienced if the other child was not facing the same issue or helped the other child
either consciously or unconsciously.
Modified think-aloud approach used with our participants
The results of this study were consistent with previous studies recommending usability
testing with potential users prior to outcome assessment in studies involving larger samples [48]
[77, 78]. The think-aloud method is commonly used as a usability testing approach among adults
[79, 80, 81]. However, there are limited references in the literature describing the think-aloud
approach in youth usability testing, and most have been conducted with older youth [46, 82]. For
this study, we modified this method by helping youth to express what they were thinking with
directed questions and probes. We found that using a modified think-aloud approach was successful
in eliciting important feedback to improve user experience. Usability guidelines recommend
limiting testing sessions with youth to under 25 minutes or using multiple stations to break up and
vary the modes of engagement [83]. However, we were able to successfully keep youth engaged in
usability testing for over 60 minutes. Our approach provided structured and continuous
opportunities for participants to verbalize their thoughts and encourage feedback. In addition,
although participants were not asked to read aloud, most of the kids preferred to. This allowed us to
successfully identify reading and comprehension issues, which were addressed in the final webbased tool.
It should be noted that our protocol aimed to conduct individual sessions. However, two
dyads sessions were conducted in R1, and we observed a greater number of comments in R1
compared to R2. One explanation for this is that having two participants in sessions of R1 provided
many more comments than the individual sessions. Future usability testing of web-based tools with
youth using a modified think-aloud approach should consider dyad assessments (rather than
individual) to facilitate more meaningful feedback in a peer-to-peer environment. Indeed, some
literature in the limited evidence of usability testing with youth have discussed the benefits of a
similar approach, referred to as “constructive interaction” and the impact of different factors (e.g.
non-acquainted vs. acquainted dyads, same gender dyads) on the identification of usability
problems [84, 85, 86, 87].
Limitations
It is acknowledged that this study is not without its limitations. First, the data analysis was
performed by one researcher. However, the coding process was continually validated by two other
researchers. Secondly, some participants had previously participated in the initial development
process of the web-based tool and/or a previous usability testing session. This may have contributed
to biases regarding certain preconceived ideas for how the web-based tool would look like or how
the storyline was actualized in the comic. However, engaging the same participants throughout
tool/intervention development builds on prior knowledge and exposure to the tool, which may
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contribute to more relevant and informed feedback regarding needed improvements and criticisms
[88].
In addition, while the usability questionnaire used in this study was informed by several
usability questionnaires commonly used in the literature [64, 65, 66], the final combined version is
not a validated tool and was only pilot tested in previous development phase study sessions. The
general high usability ratings among users and the lack of difference between R1 and R2 scores on
the self-reported questionnaires for participant’s usability and acceptability of the web-based tool
are also suggestive of response bias, which has been observed in other studies using usability
questionnaires with youth [89]. Furthermore, while there is always a risk of social acceptability bias
while administering surveys with a moderator present, which may be higher with youth [90, 91], it
was important to ensure that a study staff member was available to clarify terminology or address
questions, especially as children have varying levels of literacy. Lastly, one of the usability sessions
in R2 was not recorded due to technical issues. While field notes were taken during this session,
some comments and reactions may not have been documented.
Conclusions
Usability testing is critical during the developmental process of web-based tools as it can
enhance a tool’s usefulness, engagement, and potential effectiveness for end-users. This study adds
to the limited literature related to usability testing of web-based tools with youth by describing
modified usability testing methods used to evaluate the Intervention INC tool with urban minority
preadolescents. The authors engaged youth during usability testing sessions using a combination of
a modified think-aloud approach with directed questions/prompts, behavioral observation of users
interacting with the tool, and a usability questionnaire. Usability findings suggest that this webbased tool was acceptable to youth and could be an engaging approach to communicate and
promote healthy dietary behaviors among urban minority youth.
Results from this study will inform further development and finalization of the web-based
tool, which will be tested using a two-group pilot RCT targeting F/V and water intake to reduce
childhood obesity risk in Black/AA and Latino youth. The final tool will be a 6-chapter comic with
one chapter being released each week. If such a tool is found to be effective in larger scale studies,
it could be disseminated as a publicly available online health promotion tool that could be
implemented in various settings, such as healthcare clinics, after school-based programs, and public
schools, which highlights its potential for high reach.

Acknowledgments
This project was supported by grant number R21H5024117 from the Agency for Healthcare
Research and Quality (AHRQ). The content is solely the responsibility of the authors and do not
necessarily represent the official views of AHRQ. The authors want to acknowledge Kris Hoyt (lead
developer of the intervention platform and interface), the research assistants who helped to
implement this study, as well as our community partner, Children’s Aid.
Abbreviations
AA = African-American
AHRQ = Agency for Healthcare Research and Quality
NTT = Narrative Transportation Theory
R1 = Round One of Usability Testing
R2 = Round Two of Usability Testing
RCT = Randomized Controlled Trial
SCT = Social Cognitive Theory
SUS = System Usability Scale
16

USE = Usefulness, Satisfaction, and Ease of use questionnaire
Footnotes
Conflicts of Interest: None declared.

17

References
1.

Global status report on noncommunicable diseases 2010. Geneva, World Health
Organization, 2011. http://www.who.int/nmh/publications/ncd_report2010/en/. Archived at:
http://www.webcitation.org/6w4DnKarp

2. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of Obesity Among Adults and
Youth: United States, 2015–2016 (NCHS Data Brief, No 288); 2017.
3. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardio metabolic risks and severity of
obesity in children and young adults. N Engl J Med. 2015;373(14):1307-1317.
4. Goran, MI, Ball, GD, Cruz, ML. Obesity and risk of type 2 diabetes and cardiovascular
disease in children and adolescents. J Clin Endocrinol Metab. 2003;88: 1417–1427.
5. Reilly JJ, Kelly J. Long-term impact of overweight and obesity in childhood and
adolescence on morbidity and premature mortality in adulthood: systematic review. Int J
Obes. 2011;35:891–898.
6. Ludwig DS, Peterson KE, Gortmaker SL. Relation between consumption of sugarsweetened drinks and childhood obesity: A prospective, observational analysis. Lancet.
2001;357(9255):505-508.
7. Nicklas TA, Yang SJ, Baranowski T, Zakeri I, Berenson G. Eating patterns and obesity in
children: the Bogalusa heart study. Am J Prev Med. 2003;25(1):9-16.
8. Newby PK. Plant foods and plant-based diets: Protective against childhood obesity? Am J
Clin Nutr. 2009;89(5):1572S-1587S.
9. Ledoux TA, Hingle MD, Baranowski T. Relationship of fruit and vegetable intake with
adiposity: A systematic review. Obes Rev. 2011;12(5):e143-50.
10.

Rideout VJ, Foehr UG, Roberts DF. Generation M : Media in the lives of 8-to 18-year-olds.
Menlo Park, California: Henry J. Kaiser Family Foundation; 2010.
http://kff.org/other/event/generation-m2-media-in-the-lives-of/. Archived at:
http://www.webcitation.org/6w4k1OPxX
2

11. The Common Sense Census. Media Use by Kids Age Zero to Eight 2017.
https://www.commonsensemedia.org/research/the-common-sense-census-media-use-bykids-age-zero-to-eight-2017.
12. The Common Sense Census. Media Use by Tweens and Teens.
https://www.commonsensemedia.org/research/the-common-sense-census-media-use-bytweens-and-teens.
13.

Boyar R, Levine D, Zensius N. TECHsex USA: Youth sexuality and reproductive health in
the digital age. 2011. http://www.yth.org/wp-content/uploads/YTH-youth-health-digitalage.pdf. Archived at: http://www.webcitation.org/6w4kDawjw

14. Antwi FA, Fazylova N, Garcon MC, Lopez L, Rubiano R and Slyer JT. The effectiveness of
web-based programs on the reduction of childhood obesity in school-aged children: A
systematic review. JBI Libr Syst Rev. 2012;10(42 Suppl):1-14. PMID:27820152
15. Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior
change: a systematic review and meta-analysis of the impact of theoretical basis, use of
18

behavior change techniques, and mode of delivery on efficacy. J Med Internet Res.
2010;12(1).e4. PMID:20164043
16. Tate EB, Spruijt-Metz D, O’Reilly G, Jordan-Marsh M, Gotsis M, Ann Pentz M, Dunton GF.
mHealth approaches to child obesity prevention: successes, unique challenges, and next
directions. Transl Behav Med. 2013;3(4):406-415. PMID: 24294329
17. Flores Mateo G, Granado-Font E, Ferré-Grau C, Montaña-Carreras X. Mobile Phone Apps
to Promote Weight Loss and Increase Physical Activity: A Systematic Review and MetaAnalysis. J Med Internet Res. 2015;17(11):e253. PMID:26554314
18. Tufano JT, Karras BT. Mobile eHealth Interventions for Obesity: A Timely Opportunity to
Leverage Convergence Trends. J Med Internet Res. 2005;7(5):e58. PMID:16403722
doi:10.2196/jmir.7.5.e58.
19. Khaylis A, Yiaslas T, Bergstrom J, Gore-Felton C. A review of efficacious technology-based
weight-loss interventions: five key components. Telemed J E Health. 2010;16(9):931-938.
PMID:21091286
20. Imamura K, Kawakami N, Furukawa TA, Matsuyama Y, Shimazu A, Umanodan R,
Kawakami S, Kasai K. Effects of an Internet-based cognitive behavioral therapy (iCBT)
program in Manga format on improving subthreshold depressive symptoms among healthy
workers: a randomized controlled trial. PLoS One. 2014;9(5):e97167. PMID:24844530
21. Caraher M, Bird L, Hayton P. Evaluation of a campaign to promote mental health in young
offender institutions: problems and lessons for future practice. Health Education Journal.
2000;59(3):211-227. doi: 10.1177/001789690005900303
22. Leung MM, Green MC, Tate DF, Cai J, Wyka K, Ammerman AS. Fight for Your Right to
Fruit: Psychosocial Outcomes of a Manga Comic Promoting Fruit Consumption in MiddleSchool Youth. Health Commun. 2017;32(5):533-540. PMID:27540773
23. Leung MM, Tripicchio G, Agaronov A, Hou N. Manga comic influences snack selection in
Black and Hispanic New York City youth. J Nutr Educ Behav. 2014;46(2):142-7.
PMID:24433817
24. Cohn N, Taylor-Weiner A, Grossman S. Framing attention in Japanese and American
comics: cross-cultural differences in attentional structure. Front Psychol. 2012;3:349.
PMID:23015794
25. The Nielsen Company. Nielsen BookScan. Retrieved March 31, 2010 from http://enus.nielsen.com.libproxy.lib.unc.edu/tab/industries/media/entertainment
26. Goldberg W, Johnson-Woods T. The manga phenomenon in america. Manga: An Anthology
of Global and Cultural Perspectives. Continuum Books. 2010;281-96.
27. Wong WS. Globalizing manga: From Japan to Hong Kong and beyond. Mechademia 2006;
1(1):23-45.
28. Matsuoka R, Smith I, Uchimura M. Discourse Analysis of encouragement in healthcare
manga. PAAL 2011;15(1):142-9.
29. Green MC, Clark JL. Transportation into narrative worlds: Implications for entertainment
media influences on tobacco us. Addiction 2013;108(3):477-84. PMID:22994374

19

30. Green MC, Brock TC. In the mind’s eye: Transportation-imagery model of narrative
persuasion. In MC, Narrative impact: Social and cognitive foundations. Mahwah, NJ:
Lawrence Erlbaum 2002;315-41.
31. Green MC, Garst J, Brock TC. The power of fiction: Determinants and boundaries. In:
Shrum LM Ed., The psychology of entertainment media. Mahwah, NJ: Lawrence Erlbaum
2002;161-76.
32. Lytle L, Achterberg C. Changing the diet of America’s children: what works and why? J
Nutr Educ. 1995;27:250-60.
33. Green MC. Narratives and cancer communication. J Commun. 2006;56:S163-S183.
34. Hinyard LJ, Kreuter MW. Using narrative communication as a tool for health behavior
change: A conceptual, theoretical, and empirical overview. Health Educ Behav.
2007;34(5):777-792. PMID:17200094
35. Cole K, Waldrop J, D’Auria J, Garner H. An integrative research review: effective schoolbased childhood overweight interventions. J Spec Pediatr Nurs. 2006;11:166-77.
PMID:16774527
36. Rolling TE, Hong MY. The Effect of Social Cognitive Theory-Based Interventions on
Dietary Behavior within Children. J Nutrition Health Food Sci. 2016;4(5):1-9. doi:
http://dx.doi.org/10.15226/jnhfs.2016.00179
37. Stacey FG, James EL, Chapman K, Courneya KS, Lubans DR. A systematic review and
meta-analysis of social cognitive theory-based physical activity and/or nutrition behavior
change interventions for cancer survivors. J Cancer Surviv. 2015;9(2):305-38. doi:
10.1007/s11764-014-0413-z.
38. McAlister AL, Perry CL, Parcel GS. How individuals, environments, and health behavior
interact: social cognitive theory. In: Glanz K, Rimer BK, Lewis FM, eds. Health Behavior
and Health Education: Theory, Research, and Practice. 3 ed. San Francisco, CA: JosseyBass Publishers; 2002:165-84.
rd

39. Branscum P, Sharma M, Wang LL, Wilson BR, Rojas-Guyler L. A true challenge for any
superhero: an evaluation of a comic book obesity prevention program. Fam Community
Health. 2013;36:63-76. PMID:23168347
40. Thompson D, Bhatt R, Lazarus M, Cullen K, Baranowski J, Baranowski T. A serious video
game to increase fruit and vegetable consumption among elementary aged youth (Squire’s
Quest! II): rationale, design, and methods. JMIR Res Protoc. 2012;1:e19. PMID:23612366
41. Thompson D, Baranowski T, Buday R, Baranowski J, Thompson V, Jago R, Griffith MJ.
Serious video games for health how behavioral science guided the development of a serious
video game. Simul Gaming. 2010;41:587-606. PMID:20711522
42. Baranowski T, Perry CL, Parcel GS. How individuals, environments, and health behavior
interact: Social cognitive theory. Health behavior and health education: Theory, research,
and practice. Francisco, CA: Jossey-Bass, 2002.
43. Locke EA, Latham GP. A theory of goal setting and performance. Englewood Cliffs, NJ:
Prentice-Hall, 1990.
44. Locke EA, Latham GP. Building a practically useful theory of goal setting and task
motivation. A 35-year odyssey. Am Psychol. 2002 Sep;57(9):705-17. PMID:12237980
20

45.

Usability Testing. U.S. Department of Health & Human Services website.
https://www.usability.gov/how-to-and-tools/methods/usability-testing.html. Archived at:
http://www.webcitation.org/6w4kyZEBQ

46. Stinson J, McGrath P, Hodnett E, Feldman B, Duffy C, Huber A, Tucker L, Hetherington R,
Tse S, Spiegel L, Campillo S, Gill N, White M. Usability testing of an online selfmanagement program for adolescents with juvenile idiopathic arthritis. J Med Internet Res.
2010;12(3):e30. PMID:20675293
47. Jake-Schoffman DE, Silfee VJ, Waring ME, Boudreaux ED, Sadasivam RS, Mullen SP,
Carey JL, Hayes RB, Ding EY, Bennett GG, Pagoto SL. Methods for Evaluating the
Content, Usability, and Efficacy of Commercial Mobile Health Apps. JMIR Mhealth
Uhealth. 2017;5(12):e190. PMID:29254914.
48. Arvidsson S, Gilljam BM, Nygren J, Ruland CM, Nordby-Bøe T, Svedberg P. Redesign and
Validation of Sisom, an Interactive Assessment and Communication Tool for Children With
Cancer. JMIR Mhealth Uhealth. 2016;4(2):e76. PMID:27343004
49. Read JC. Validating the Fun Toolkit: an instrument for measuring children’s opinions of
technology. Cogn Technol Work. 2008; 10(2):119-128. doi: 10.1007/s10111-007-0069-9.
50. Markopoulos P, Bekker M. On the assessment of usability testing methods for children.
Interact Comput. 2003;15(2):227-243. doi:10.1016/S0953-5438(03)00009-2.
51.

Khanum MA, Trivedi MC. Take Care: A Study on Usability Evaluation Methods for
Children.
https://pdfs.semanticscholar.org/9849/1bcbafcd7ec1d3f5117a2988ca62ef6761b3.pdf.
Archived at: http://www.webcitation.org/6zfeNJnkG

52. Sim G, MacFarlane S, Read J. All work and no play: Measuring fun, usability, and learning
in software for children. Comput Educ. 2006;46(3):235-248.
53. Andersen MH, Khalid MS, Brooks EI. Considerations and Methods for Usability Testing
with Children. In: Brooks A, Brooks E, eds. Interactivity, Game Creation, Design, Learning,
and Innovation. Springer, Cham; 2017:228-238. doi:10.1007/978-3-319-55834-9_27.
54.

Nielsen J. Children's Websites: Usability Issues in Designing for Young People. Nielsen
Norman Group, Septembre 13, 2010. https://www.nngroup.com/articles/childrens-websitesusability-issues/. Archived at: http://www.webcitation.org/6w4nAvJOK

55.

Barendregt W, Bekker MM. Guidelines for user testing with children.
http://www.undesigning.nl/productergonomie/wpcontent/uploads/2010/11/Guidelines_for_user_testing_with_children.pdf. Archived at:
http://www.webcitation.org/6zfeQcKa5

56. Donker A, Reitsma P. Usability testing with young children. ACM. 2004;43-48. doi:
10.1145/1017833.1017839
57. Rakes GC, Rakes TA and Smith LJ. Using Visuals to Enhance Secondary Students' Reading
Comprehension of Expository Texts. Journal of Adolescent & Adult Literacy.
1995;39(1):46-54.
58. Chang A, Millett S. Improving reading rates and comprehension through audio-assisted
extensive reading for beginner learners. Elsevier. 2015;52:91-102.
59. Nielsen J. Usability Engineering. San Francisco, CA: Academic Press; 1993.
21

60.

Nielsen J. Why you only need to test with 5 users. Nielsen Norman Group, March 19, 2000.
https://www.nngroup.com/articles/why-you-only-need-to-test-with-5-users/. Archived at:
http://www.webcitation.org/6w4l9s7Yl

61.

Budiu R. Quantitative vs. Qualitative Usability Testing. Nielsen Norman Group, October 1,
2017. https://www.nngroup.com/articles/quant-vs-qual/. Archived at:
http://www.webcitation.org/6w4lL05Ut

62. Jaspers MW. A comparison of usability methods for testing interactive health technologies:
methodological aspects and empirical evidence. Int J Med Inform. 2009;78(5):340-53.
PMID:19046928
63. Jaspers MW, Steen T, Van den Bos C, Geenen M. The think aloud method: a guide to user
interface design. Int J Med Inform. 2004; 73(11-12):781-95. PMID:15491929
64.

Brooke J. SUS-A quick and dirty usability scale. Usability Evaluation in Industry.
1996:189–194. https://hell.meiert.org/core/pdf/sus.pdf. Archived at:
http://www.webcitation.org/6yNVPyNlz

65. Lund AM. Measuring usability with the USE questionnaire. Usability and User Experience.
2001;8:8.
66. Ben-Zeev D, Brenner CJ, Begale M, Duffecy J, Mohr DC, Mueser KT. Feasibility,
acceptability, and preliminary efficacy of a smartphone intervention for schizophrenia.
Schizophr Bull. 2014;40(6):1244-53. PMID:24609454
67. Chrimes D, Kitos NR, Kushniruk A, Mann DM. Usability testing of Avoiding Diabetes Thru
Action Plan Targeting (ADAPT) decision support for integrating care-based counseling of
pre-diabetes in an electronic health record. Int J Med Inform. 2014;83(9):636-47.
PMID:24981988
68. Perez HR, Nick MW, Mateo KF, Squires A, Sherman SE, Kalet A, Jay M. Adapting a weight
management tool for Latina women: a usability study of the Veteran Health Administration's
MOVE!23 tool. BMC Med Inform Decis Mak. 2016;16(1):128. PMID:27716279
69. Da Costa FF, Schmoelz CP, Davies VF, Di Pietro PF, Kupek E, De Assis MA. Assessment of
diet and physical activity of brazilian schoolchildren: usability testing of a web-based
questionnaire. JMIR Res Protoc. 2013;2(2):e31. PMID:23958804
70. Skouge JR, Kavita Rao, Boisvert PC. Promoting Early Literacy for Diverse Learners Using
Audio and Video Technology. Early Childhood Education Journal. 2007;35(1):5-11.
71. Tarver T, Woodson D, Fechter N, Vanchiere J, Olmstadt W, Tudor C. A Novel tool for Health
Literacy: Using Comic Books to Combat Childhood Obesity. J Hosp Librariansh.
2016;16(2):152–159. PMID: 27840597
72. Green MJ, Kimberly MR. Graphic medicine: use of comics in medical education and patient
care. BMJ. 2010;340:c863. PMID:20200064
73.

Nielsen J. Children's Websites: Usability Issues in Designing for Young People. Nielsen
Norman Group, Septembre 13, 2010. https://www.nngroup.com/articles/childrens-websitesusability-issues/. Archived at: http://www.webcitation.org/6w4nAvJOK

74. Park BK, Nahm ES, Rogers VE, Choi M, Friedmann E, Wilson M, Koru G. A FacebookBased Obesity Prevention Program for Korean American Adolescents: Usability Evaluation.
J Pediatr Health Care. 2017;31(1):57-66. PMID:26952300
22

75. Riiser K, Londal K, Ommundsen Y, Sunder. Development and Usability Testing of an
Internet Intervention to Increase Physical Activity in Overweight Adolescents. JMIR Res
Protoc. 2013;2(1):e7. PMID:23612506
76. Zubrick SR, Taylor CL, Christensen D. Patterns and Predictors of Language and Literacy
Abilities 4-10 Years in the Longitudinal Study of Australian Children. PLoS One. 2015;
10(9): e0135612. PMID: 26352436
77. Ruland CM, Starren J, Vatne TM. Participatory design with children in the development of a
support system for patient-centered care in pediatric oncology. J Biomed Inform.
2008;41(4):624-35. PMID:18082468
78. Hinchliffe A, Mummery WK. Applying usability testing techniques to improve a health
promotion website. Health Promot J Austr. 2008;19(1):29-35. PMID:18481929
79. Tonkin E, Jeffs L, Wycherley TP, Maher C, Smith R, Hart J, Cubillo B, Brimblecombe J. A
Smartphone App to Reduce Sugar-Sweetened Beverage Consumption Among Young Adults
in Australian Remote Indigenous Communities: Design, Formative Evaluation and UserTesting. JMIR Mhealth Uhealth. 2017;5(12):e192. PMID:29233803
80. Georgsson M, Staggers N. An evaluation of patients' experienced usability of a diabetes
mHealth system using a multi-method approach. J Biomed Inform. 2016;59:115-29.
PMID:26639894
81. Payne AY, Surikova J, Liu S, Ross H, Mechetiuc T, Nolan RP. Usability Testing of an
Internet-Based e-Counseling Platform for Adults With Chronic Heart Failure. JMIR Hum
Factors. 2015;2(1):e7. PMID:27026267
82. Breakey VR, Warias AV, Ignas DM, White M, Blanchette VS, Stinson JN. The value of
usability testing for Internet-based adolescent self-management interventions: "Managing
Hemophilia Online". BMC Med Inform Decis Mak. 2013;13:113. PMID:24094082
83. Rounding K, Tee K, Wu X, Guo C, Ts E. Evaluating interfaces with children. Pers Ubiquit
Comput. 2013;17(8):1663–1666.
84.

Als BS, Jensen JJ, Skov MB.
https://pdfs.semanticscholar.org/2939/82e6c2ed4dca9cb5350897131efc7179dcd1.pdf.
Archived at: http://www.webcitation.org/6zfeWy9rt

85. Khanum MA, Trivedi MC. Exploring verbalization and collaboration during usability
evaluation with children in context. IJCSI Int. J. Comput. Sci. 2013;10:485–491.
86. Als BS, Jensen JJ, Skov MB. Comparison of think-aloud and constructive interaction
in usability testing with children. In: Proceedings of the 2005 Conference on Interaction
Design and Children. ACM. 2005;9–16.
87. Mateo KF, Berner NB, Ricci NL, Seekaew P, Sikerwar S, Tenner C, Dognin J, Sherman SE,
Kalet A, Jay M. Development of a 5As-based technology-assisted weight management
intervention for veterans in primary care. BMC Health Serv Res. 2018; 18: 47. Published
online 2018 Jan 29. doi: 10.1186/s12913-018-2834-2. PMID: 29378584
88. Dexheimer JW, Kurowski BG, Anders SH, McClanahan, N, Wade SL, Babcock L. Usability
evaluation of the SMART application for youth with mTBI. Int J Med Inform. 2017; 97:
163–170. doi: 10.1016/j.ijmedinf.2016.10.007. PMID: 27919376

23

89. Mindell JS, Coombs N, Stamatakis E. Measuring physical activity in children and
adolescents for dietary surveys: practicalities, problems and pitfalls. Proc Nutr Soc. 2014
May;73(2):218-25. doi: 10.1017/S0029665113003820. PMID: 24423128
90. Klesges LM, Baranowski T, Beech B, Cullen K, Murray DM, Rochon J, Pratt C. Social
desirability bias in self-reported dietary, physical activity and weight concerns measures in
8- to 10-year-old African-American girls: results from the Girls Health Enrichment Multisite
Studies (GEMS). Prev Med. 2004;38 Suppl:S78-87. PMID:15072862

24

