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Abstract
Background In this study, we describe a participatory design process to develop a technology-based intervention for sun 
protection for children and their parents. Our methodology embraces and leverages the expert knowledge of the target users, 
children and their parents, about their sun protection practices to directly influence the design of our mobile just-in-time 
adaptive intervention (JITAI). The objectives of this paper are to describe our research procedures and summarize primary 
findings incorporated into developing our JITAI modules.
Methods We conducted 3 rounds of iterative co-design workshops with design expert KidsTeam UW children (N: 11–12) 
and subject expert children and their parents from local communities in California (N: 22–48). Iteratively, we thematically 
coded the qualitative data generated by participants in the co-design sessions to directly inform design specifications.
Results Three themes emerged: (1) preference for non-linear educational format with less structure,; (2) situations not con-
ducive for prioritizing sun protection; and (3) challenges, barriers, and ambiguity relating to sun protection to protect oneself 
and one’s family. Based on the design ideas and iterative participant feedback, three categories of modules were developed: 
personalized and interactive data intake module, narrative-education module with augmented reality experiment, person/
real-time tailored JITAI, and assessment modules.
Conclusions This is one of the first projects that maximally engage children and parents as co-designers to build a technology 
to improve sun protection with iterative and intentional design principles. Our scalable approach to design a mobile JITAI 
to improve sun protection will lay the foundation for future public health investigators with similar endeavors.
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Introduction

Childhood and adolescence are critical periods for primary 
prevention for unhealthful behaviors associated with vari-
ous diseases later in life [1, 2]. Prevention of skin cancer 

targeting children is critical as children who incur higher 
ultraviolet (UV) ray exposures are at greater risk of devel-
oping skin cancer as adults [3] and sun protection practices 
learned at a young age tend to become lifelong habits [4]. 
School-based prevention interventions for children play an 
important role in skin cancer prevention targeted to children; 
however, these interventions are only moderately effective 
at improving sun safe behaviors and are rarely designed to 
incorporate approaches tailored to diverse schoolchildren 
[5–7].

Sun Protection Interventions for Ethnic Minority 
Children

While Hispanic populations tend to present with lower 
incidence and different histological subtypes of melanoma 
(i.e., acral lentiginous melanoma; ALM), the majority of 
their disease is histologically similar to non-Hispanic 
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whites and the most common type (superficial spread-
ing melanoma) [8]. Excessive exposure to UV radiation 
remains the primary modifiable risk factor for skin cancer, 
including ALM [9]. Ethnic minorities, including Hispanic 
groups, however, traditionally perceived as low risk for 
skin cancer, are more likely to be misinformed about their 
risk for sunburns and skin cancer, and tend to engage in 
low sun protection [10]. Even though melanoma is most 
common among Caucasian group, poorer outcomes have 
been extensively documented for ethnic minority groups 
[8, 11–13]. Poor prognosis has been linked to advanced 
stage of disease at presentation and greater barriers to 
timely health care access associated with lower socioeco-
nomic status [8, 12]. Furthermore, recent sun protection 
interventions targeting children (e.g., clinic- [14, 15], 
technology- [16–19], or school-based [20]) often do not 
involve children’s input in the intervention material devel-
opment. However, directly involving users in the design 
process leads to more robust and sustainable intervention 
materials [21–23]. Thus, research is needed to investigate 
barriers for sun protection behaviors and perceived risk 
for skin cancer expressed by children users, which would 
inform the development of more effective, tailored inter-
vention programs for diverse populations.

In this study, we describe our co-design process to 
develop a technology-based pilot intervention (Mobile 
SunSmart) for sun protection with and for children and 
their parents [24, 25] with diverse backgrounds, focusing 
on underserved groups, children and their parents with 
Hispanic and multiracial backgrounds [26].

Importance of Involving Users: Co‑designing 
with Children for JITAI

Co-design is a participatory design method in which 
expert designers work with the target audience to solve a 
design problem [27]. Specifically, we adhered to the phi-
losophy of cooperative inquiry [25, 28] where adults and 
children strive to work together as equal and equitable 
design partners. Two groups of children with knowledge 
in technology and usability (“design-domain” experts) 
and children with knowledge and familiarity with a given 
subject and contexts (“subject-domain” experts) both 
contributed to this process [29]. The purpose was to first 
understand the complexity and in-depth thoughts of the 
children for a starting point which we planned to later 
test out to a wider audience. In the cooperative inquiry 
method, Druin [28] emphasizes that children do not imme-
diately become design partners from day 1; it takes time 
and effort to build the relationship. In our research, our 
adult design experts (KidsTeam UW) work with a small 
group of design-domain children for a longer period of 

time in which the children feel comfortable enough to 
share ideas and become design partners with adults. As 
design domain experts [29], KidsTeam UW children know 
the co-design techniques, understand how to co-facilitate 
the sessions, and are comfortable providing honest and 
transparent feedback. Thus, the current qualitative inquiry 
represents collaborative efforts among various stake-
holders including child users and their parents, design 
experts, cancer researchers, interventionists, and mobile 
technology experts. The goal of this work was to develop 
a mobile, UV protection, prototype just-in-time adaptive 
intervention (JITAI) [30, 31] that is feasible and scalable, 
specifically designed for school-aged children and their 
parents with diverse backgrounds. JITAI framework maxi-
mizes available technology and allows for timely inter-
vention delivery according to the need of the user at the 
moment for a given behavior [32, 33].

Existing primary prevention programs for sun protec-
tion among youths have been largely curriculum-based and 
group-delivered by health educators or teachers [3, 5, 7, 34], 
where timely and/or tailored dissemination is near impos-
sible. Leveraging mobile technology such as smartphones in 
public health has been proliferating to aid behavioral change 
by promoting health behaviors (e.g., healthy eating [35]) 
and by curbing risky behaviors (e.g., smoking [36]). In the 
current study, we systematically and iteratively compiled, 
and pilot-tested intervention strategies suggested by the 
child users themselves to improve engagement and feasi-
bility of sun protection intervention using smartphone and 
built-in sensors. The important risk factors for excessive sun 
exposure may be time-invariant (e.g., skin type, childhood 
sunburn history) and time-varying (e.g., UV exposure at a 
given time) [37–40]. These risk factors can be efficiently 
integrated into mobile-based interventions. Mobile-based 
interventions, especially those involving JITAI components, 
emphasize user-centeredness and tailoring based on indi-
vidual cancer-related risk factors, user input, and sensor data 
[41–43]. The use of smartphones can allow researchers to 
automate the frequency of assessment of the targeted behav-
iors and to optimize the level and timing of tailoring, while 
minimizing user burden. Furthermore, smartphone platforms 
offer a myriad number of features (e.g., widgets, notifica-
tions) that can help improve the compliance with assessment 
of desired user behaviors. Similar user-centered approach 
has shown success in developing smartphone mobile inter-
ventions to promote sun protection designed for adult users 
such as mISkin (for adult vacationers in UK) [44] and Solar 
Cell (for US adults) [45].

Ideally, a successful JITAI would (1) target moments 
when the intervention deployment is deemed necessary and 
appropriate because those contexts are conducive of engag-
ing in undesired behavior and (2) ensure content and timing 
be tailored to dynamic, real-time contexts of the user [30, 
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31, 46]. This means the technology that assesses a behavior 
of interest and its dynamic contexts should work seamlessly 
with the technology that supports the desired behaviors. It 
also means that the user feedback be reflected in JITAI con-
tent, medium, and timing. Thus, the ideal process for design-
ing a JITAI to be used for children would require children 
users’ input to minimize burden and maximize the accept-
ability of such technology.

Therefore, we began with the following research and 
design questions: (1) What type of intervention strategies 
and technology are perceived by our children users and 
their parents to be most effective and acceptable in adopting 
sun protection in everyday life for sustained use? (2) How 
can we incorporate real-time UV information to tailor to a 
child’s personal (e.g., skin type) and real-time (e.g., being 
outdoors during solar peak hours) risk factors?

We engaged in co-design sessions with two groups of 
children with design and subject expertise [29]. Based on 
qualitative data obtained from the co-design sessions, we 
thematically coded the design ideas provided by the children 
and their parents [47] and incorporated them into specific 
design requirements for our JITAI prototypes, undergoing 
multiple iterations. The final selection of our strategies was 
guided by components and techniques proposed in mobile 
persuasion theories to encourage and optimize motivation, 
ability, and trigger, integrated with relevant gamification 
components for target children [48–50]. In addition, rec-
ognizing that sun protection practices among children are 
often initiated and managed by adult family members of the 
children [51], our co-design process involved children and 
their parents through an iterative and intentional approach. 
In this way, our methodology embraces and leverages the 
expert knowledge children and their parents have about their 
sun protection practices to directly influence the design of 
our mobile, UV-protection JITAI. We outline these design 
ideas and describe the corresponding prototype features in 
this paper.

Methods

Digitizing Original In‑class Curriculum Materials

We began our co-design process with modules from 
SunSmart curriculum, a classroom-based curriculum that 
showed effectiveness in improving sun protection knowl-
edge, attitude, and behaviors among schoolchildren [52–54]. 
The original SunSmart curriculum was a series of class-
room-based lessons that were taught to 4th–5th graders over 
4 separate days throughout one semester (Your Skin and the 
Sun; What is UV Radiation; How Can We Be SunSmart?) 
[52–54]. The learning objectives of SunSmart were to learn 
about UV, learn ways to improve outdoor sun protection 

while enjoying the benefits of the sun, and participate in 
in-class activities (fruit dried in the sun; our skin and sun 
damage; photos of sunburn; structure of skin; damaged skin; 
background on UV; measuring/graphing UV index; preven-
tion messages; does sunscreen work?; sun safe/unsafe col-
lage). We modified the lesson plans and activities to make 
them suitable for the use for families and for mobile use 
at home. To translate the curriculum to a mobile platform, 
we focused on digitizing 4 of those activities because they 
involved direct feedback from students: solar paper, sun safe 
collage, lessons on UV, and prevention messages.

Participants

Design‑domain Experts KidsTeam UW is an ongoing inter-
generational co-design group at the University of Washing-
ton [24, 25]. Prior to the Covid-19 pandemic (2015–2020), 
KidsTeam UW [25] met twice a week for 90 min during 
the school year and they have 1-week period during sum-
mer where the children participate in all-day workshops on 
different design challenges. All children in the session had 
more than 1 year of building rapport with the adults and 
engaged in more than 20 co-design projects. As KidsTeam 
UW group works with a small group of children, the team 
is very intentional in recruitment on diversity considering 
gender, age, personality, race/ethnicity, and socioeconomic 
status. The children were recruited by open workshops and 
through interviews among children who were interested in 
designing technology. These children served as the design-
domain youth experts [29], who engage frequently in co-
design with adults (researchers, designers, graduate, and 
undergraduate students) and are an ethnically diverse cohort 
of children (50% multi-racial, 25% Caucasian, 8% Hispanic, 
17% Asian; N = 12). The co-design workshops with the same 
sample of KidsTeam UW children were held on three itera-
tions in July and October in 2019 (in-person) and March 
2020 (online).

Subject‑domain Experts In addition to our design-domain 
experts, we recruited subject-domain expert children [29] 
from local elementary schools in the Greater Los Angeles 
area (N = 29) and their caretakers (N = 25). We consider 
these families as subject domain experts because (1) they are 
residents of local communities of Southern California who 
are knowledgeable about consistent, year-long sun exposure 
and their neighborhoods and (2) their demographic charac-
teristics resemble those who will serve as our ultimate target 
users. To recruit subject experts, we relied on community 
partners to support and strengthen our connections to the 
local elementary schools. The investigators and research 
assistant, JH, YC, and KM, reached out to teachers and after-
school program directors at local elementary schools and 
were invited to attend parent meetings held at schools, parent 
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resource centers, and afterschool programs to recruit inter-
ested parents and their families. Eligibility criteria were that 
participating children could read and speak in English, and 
there was no language restriction for participating parents. 
All participating children (age ranging from 8 to 12) read 
and spoke English, while a majority of the parents spoke 
Spanish. The co-design workshops with the same sample 
of families were held on three iterations in November 2019 
(in-person) (original 22 families: 25 children and 23 par-
ents), May 2020 (online) (subset 14 families: 15 children 
and 13 parents), and June 2020 (online) (subset 11 families: 
12 children and 10 parents) (Table 1).

Procedures

The iterative co-design process [29, 55] involved the design 
experts (KidsTeam UW), subject experts (children/parents 
from LA communities), investigative team, and UX-pro-
grammers. All research procedures have been approved by 
the University of Southern California Institutional Review 
Board (IRB) and the University of Washington IRB.

Co‑design Workshop with Design‑Domain Experts We con-
ducted initial workshops with KidsTeam UW at the Uni-
versity of Washington (N = 12) in July 2019. During these 
workshops, we introduced the concept of UV and the design-
domain expert children participated in an outdoor activity 
to capture UV light onto solar paper, using various objects 
of their choice. Following the solar paper activity, the chil-
dren mocked up ideas how concept of UV and the lessons 
from solar paper can be digitally translated into technology-
based educational tools. Design expert children were also 
asked to make collages using magazine pages to represent 
sun protection. These activities were selected because the 
solar paper was a successful SunSmart activity where stu-
dents were highly engaged. After participating in these 
activities, children provided input and suggestions on how 
to digitize these activities. Other discussions also included 
building creative technology where the children generated 
self-drawing curtains to protect from UV and color-changing 

hats corresponding to UV levels (Online Supplement 
Fig. 1a). In October 2019, another set of workshops were 
held with KidsTeam UW where they discussed the strategies 
to encourage continuous wear of sensors and mobile phones. 
They expressed challenges with complying with continuous 
wear of sensors especially for small devices (e.g., fear of 
device loss) and without tangible incentives, and suggested 
ways to “hack” the device. The workshop facilitators (KL, 
JY) also asked children how we can encourage compliance 
when designing ecological momentary assessment (EMA) 
and JIT intervention and children discussed strategies such 
as including image-based responses and avoiding repetitive 
questions. In March 2020, another iteration was executed 
where children discussed characters for the narratives and 
informed the adult co-designers that animal characters would 
be suitable and safe vehicles to represent diversity (e.g., skin 
tone), rather than human characters with different skin colors. 
The goal was not to generalize the 12 children’s perspectives 
for a broad population of child—rather our epistemological 
interpretivist stance [56] is that the children provided design-
domain expertise about multiple design features of the appli-
cation which provided generative design directions for the 
team to present to subject-domain children.

Subject‑domain Experts In November 2019, the first 2-h co-
design workshops were conducted with the subject-domain 
expert families recruited from local LA communities. The 
co-design workshops were led by the investigators with co-
design expertise (JY, KK, WR). The co-design sessions for 
the parents were led predominantly in Spanish (and inter-
preted in English simultaneously for English speakers). We 
began the workshops by emphasizing the need to engage the 
parents and children as co-design partners because they were 
the experts of their own experience. Further, we conveyed 
that we needed the participants’ input to build a technology 
relevant to sun protection emphasizing that the participants 
themselves were the experts within their own communities 
and environment and how they relate to technology and 
sun protection. During our co-design sessions with par-
ents, facilitators asked participants to visually sketch and 

Table 1  Demographic 
characteristics of subject-
domain experts

November 2019 May 2020 June 2020

Children Parents Children Parents Children Parents

N 25 23 15 13 12 10
Age, M (SD) 9.62 (1.39) 37.48 (8.36) 10.27 (1.67) 39.15 (7.79) 10.17 (1.80) 38 (7.80)
Female 60% 82.61% 92.31% 65.67% 58.33% 90%
Ethnicity
Hispanic 84% 95.65% 73.34% 92.31% 66.67% 90%
Multiracial 16% 4.35% 26.66% 7.69% 33.33% 10%
Spanish preferred -- 73.91% -- 76.92% -- 80%
Mother to the child -- 73.91% -- 84.62% -- 70%

771International Journal of Behavioral Medicine  (2021) 28:768–778



narrate a day in the sun with their families. These sketches 
prompted collective conversations about the ways in which 
parents encouraged sun protection with their children. Col-
laboratively, parents proposed and critiqued design ideas for 
a mobile and wearable, UV protection, prototype that was 
feasible and scalable for their particular contexts (see Online 
Supplement Fig. 1b).

We formatted the workshop sessions so that some dis-
cussion topics would require both parents and children be 
present in the same room and, for other topics, parents and 
children participated in their respective activities in sepa-
rate rooms. The rationale was that there are certain topics 
parents would prefer to share without their children lis-
tening, likewise children would discuss topics with their 
peers that they might not with their parents present. For 
example, in Pina et al. [57], Latino parents and children 
were interviewed separately to ensure each participant felt 
comfortable sharing sensitive information about their home 
experience that they normally do not share with each other. 
In our work, parents discussed their experiences and bar-
riers with respect to sun protection with other parents in 
their preferred language (the facilitators for parents [WR 
and YC] were fully bilingual), another reason why we sepa-
rated the parents and the children for the initial discussion 
as most parents chose Spanish and children chose English as 
their preferred language. During design time, both parents 
and children were presented with the initial set of design 
ideas provided by the design-domain expert children and 
were asked to discuss what/why they like/dislike about each 
design idea and discuss specific ways to improve them. By 
creating two separate groups of parents and children, we 
also had an opportunity to hear individual ideas in a smaller 
setting before going to the large group discussion. To con-
clude, children and parents gathered together in one room, 
with the investigators, and we all participated in summariz-
ing our discussions. Bringing together the children and par-
ents at the end was to create intergenerational opportunities 
for idea sharing [58]. Each family received $30 gift card for 
their participation.

The co-design procedures for the two subsequent itera-
tions (one in May 2020 and another in June 2020) were mod-
ified to be online, according to the Covid-19 restrictions for 
human subject research. With these necessary modifications, 
we preserved the integrity of cooperative inquiry principles, 
design materials, and presentation of design ideas by the 
investigative team. We used available online Zoom meet-
ing functions to have small group discussions and met as a 
larger group for collective discussion to conclude. We col-
lected artifacts by taking screenshots and video-recording 
the virtual sessions. More details of the format and detailed 
procedures of the virtual co-design and voting methods can 
be found elsewhere (Huh et al., under review).

Data Analysis

Following each session with the domain and subject experts, 
the investigators (JY, KL, YR, JH, and KM) had a debrief-
ing session to synthesize and summarize main discussions 
with written notes. In addition, the artifacts produced dur-
ing the workshop, including posters, photos, and audio/
video recording, were reviewed and transcribed. To analyze 
our rich qualitative data, we followed standard practices of 
qualitative research [59]. We first used inductive methods to 
understand the emerging themes. Four of the authors open-
coded the analytic memos [60] and annotated recorded video 
sessions. Our team gathered to use the white board in shar-
ing quotes and instances in the data that each researcher 
found interesting regarding the children’s thoughts on sun 
protection and features in the technology. Next, we deduc-
tively compared our emerged themes to how it relates to 
being design design-domain expert or subject-domain expert 
and with technology persuasion theories. We prioritized 
themes that the design and subject domain groups noted. 
Key ideas from the memos were discussed collectively 
among the investigators in rounds of bi-weekly meetings 
and discrepancies were consolidated.

Results

Informed by insights from our co-design workshops, three 
overarching themes emerged. We present these underlying 
constructs that served as the basis for the specific design 
components of our JITAI intervention (see Online Supple-
mental Fig. 2).

The Sun Favorite activities with family while outdoor in the 
sun as well as adverse experiences such as sunburns were 
commonly mentioned. When discussing how technology can 
be used to teach other children about benefits of and cautions 
against sun exposure, a strong preference for non-linear, 
less-structured lessons (e.g., virtual games) was expressed. 
The original SunSmart curriculum aims to help children 
understand a variety of factors that make the concept UV 
ray as a “variable.” Both design-domain and subject-domain 
expert children and parents favored being able to have con-
trol to create different scenarios. In discussing a solar paper 
experiment, children asked constructive and creative ques-
tions that reflected their curiosity for this topic. Based on 
these observations, a virtual, augmented reality experiment 
format where children have the control over different vari-
ables appeared be suitable for the education module.

Many children (both design and subject expert groups) 
were familiar with sensor technology and wanted to see 
automated functions (e.g., location sensing) incorporated 
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to the JITAI component rather than manually providing an 
array of user input. At the same time, design expert children 
also expressed prompts and nudges by the app would turn 
to annoyance for users, if the app prompts with incorrect 
information or with great frequency.

The Situation Sharing the well-documented data that sun 
exposure during childhood places one at a higher risk for 
skin health problems later in life [61] provided an effec-
tive anchor for the co-design parents. The co-design par-
ents discussed a variety of situations in which methods of 
sun protection are planned (e.g., packing a tent for a day at 
the beach) and others in which sun protection needs to be 
spontaneously devised (e.g., an unexpectedly sunny day on 
a biking trip or for a stroll at a swap meet market). Parents 
noted that they were largely responsible for their children’s 
sun protection. All parents also expressed a desire for more 
detailed information about sunscreen use.

Our participants also shared many unique, cultural, and 
situational questions about UV lessons such as waterplay 
(“hiding” underwater as protection against the UV exposure; 
subject expert children) and home remedy for sun protection 
(e.g., “baby oil”; subject expert parents). Furthermore, situa-
tions involving ambiguous distinctions between temperature 
and UV exposure were discussed (e.g., a “hot but muggy/
cloudy” day; subject expert parents). Designing appropri-
ate messages and intervention delivery strategies will need 
to consider these important cultural and situational factors. 
While recalling and sharing fun experiences they had as a 
family outdoors, both the subject expert children and parents 
mentioned the importance of narratives with respect to les-
sons and games to improve engagement for children. Subject 
expert children and parents expressed a strong preference for 
storytelling format in which SunSmart curriculum lessons 
are folded into meaningful narratives to communicate sun 
protection in a variety of contexts; this finding was consist-
ent with existing health communication with audience with 
diverse background [62–64].

The Self Subject-domain expert children highlighted the 
need for further discussion for sun protection methods for 
different skin types. For instance, never having experienced 
sunburns was more common experience among subject 
expert children than having experienced sunburns. Many 
subject expert children and their parents discussed their per-
ception and feelings related to their skin tone compared to 
some of their peers, which were often delicate topics. Some 
children expressed their curiosity whether the same sun pro-
tection methods applied to other children with skin types 
that are different from their own. More broadly, there was 
clear preference for cultural familiarity. Mention of familiar 
card games such as Loteria [65] for UV-related knowledge 
testing received positive feedback from both subject expert 

children and their parents. Other subject expert parents who 
were not of Hispanic background, on the other hand, sug-
gested it could be interpreted as leaving out non-Hispanic 
populations. As researchers and designers, we refrain from 
accepting universalist frameworks which emphasize design-
ing technological artifacts that work for everyone [66, 67]. 
Informed by feminist HCI and design frameworks [66, 67], 
this finding emphasizes the need to tailor and customize 
sun protection education and intervention messages in our 
mobile intervention. As such, our co-design approach with 
subject expert children and their parents foregrounds ques-
tions of cultural difference for sun protection.

Many children from both design and subject expert 
groups expressed appropriate concerns about confidential-
ity and privacy while using technology and sharing data. 
For instance, subject expert children mentioned they do not 
understand why they need to share their eye color on sur-
vey. However, after we explained the reason for collecting 
such data (i.e., melanin to determine risk factors), the subject 
expert children expressed they would be willing to answer 
those questions on the application.

With regards to “virtual” self, potential challenges and 
barriers to sun protection using technology were also noted 
by the subject expert parents. Even though most of the sub-
ject expert parents agreed that involving technology such 
as virtual characters (vampires and animals) was a good 
idea, some parents expressed concerns that relating to a 
virtual character may not necessarily translate to improv-
ing children’s own behaviors. Some subject expert parents 
also mentioned that they often ensure their children are pro-
tected while they as adults might neglect or forget to protect 
their own skin. Most mothers in subject expert parent group 
mentioned that this was especially the case for their chil-
dren’s male caretakers. Given the particular context of our 
co-design sessions, however, we do not make generalizable 
gendered claims about the ways in which different parents 
navigate sun protection for themselves and their families.

Corresponding Mobile SunSmart Features

Directly informed on the co-design themes and user feed-
back from the iterative process, the following features have 
been developed for our JITAI (see Table 2 for summary).

(1) User data intake module. Information on age, gen- 
der, skin type, sunscreen, outdoor activities, and 
typical weekly schedules of such activities will be 
collected with an interactive tool. Each of these user 
inputs needs to be collected as we will tailor inter- 
vention messages based on the child’s individual 
factors. Survey questions will be image-based and 
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child-friendly and have been approved by our subject 
expert children during co-design sessions. To address 
the confidentiality and privacy concerns shared by 
subject expert children and parents, each survey 
question will be accompanied with an “information” 
icon to explain as to why we ask such questions 
(Online Supplemental Fig.  3). This was to address 
privacy concerns that our subject expert children 
raised during our co-design sessions.
(2) Narrative-based curriculum module. Our co- 
design participants (both children and parents) 
provided highly positive feedback on sun protec- 
tion lessons embedded in storytelling format that 
addresses extension of self and various situations, 
a narrative in which they can relate to and can “see 
themselves” as protagonists in the story. Our narra- 
tive tells a story of two siblings, Marco and Nelly, 
and their family and friends (Online Supplemental 
Fig. 4) as the main characters who navigate through 

different scenarios based on the various themes that 
surfaced from our co-design workshops. The focus 
is to couch educational materials into the narratives 
of Nelly and Marco [68–70] in seven episodes in a 
video format to which children are already accus- 
tomed. We introduced the storyline to our children 
co-designers before we began constructing scripts. 
With their feedback, we revised the scripts and the 
images iteratively. Two subcomponents (virtual 
experiments and curriculum booster) are folded into the 
main narrative.
(2a) Augmented reality (AR) virtual solar paper 
experiment that allows users to experiment with fac- 
tors that affect UV exposure (Online Supplemental 
Fig. 5). Based on the positive feedback on interactive, 
“non-classroom like” learning, the main lessons of 
this feature are to teach children (1) that UV radia- 
tion is invisible and (2) UV-related factors are vari- 
able that can be virtually manipulated by the users, 

Table 2  App features and rationale corresponding to co-design discussion themes and concerns

Themes or concerns Reflected in the app feature as Rationale

Sun SolAR experiment
JITAI real-time high UV prompt

Our subject expert children wanted UV lessons to be 
less-structured, nonlinear experiences. SolAR makes 
UV lessons interactive and engaging where children 
learn that 1) UV is invisible and present when the 
sun is present and 2) UV is variable, influenced by 
environmental factors (e.g., time of the day, cloud 
coverage, exposure duration), which is additionally 
reinforced by high-UV JITAI warning prompt

Situation 7 Episodes folded into Marco & Nelly narratives The subject expert children and their parents agreed that 
storytelling can be a powerful health communication 
tool that can seamlessly address different scenarios 
and contexts. Research has shown that the storytell-
ing medium has been particularly effective among 
Hispanic groups [62]

Self Image-based survey for personal tailoring Colorful, virtual images were displayed to aid children 
while responding to survey to minimize ambiguity of 
items (e.g., colors of skin: light brown, eye: hazel)

Privacy and confidentiality Information icon for app feature functions and reasons 
for collecting personal data

Children were curious why they need to provide certain 
data (e.g., eye color) or app functions (e.g., location 
detection) that could seem invasive. Providing a fea-
ture with further information empowers children users 
and minimizes potential suspicion or mistrust

Gamification Badges and trophies for completing videos and AR 
experiment

Badges and trophies are content-based and represent 
each activity where users can visualize their “achieve-
ment” in their learning process. Children can collect 
all the badges and trophies corresponding to each 
feature

SunSmart Education booster Vampire Trail Children wanted a light video game to increase daily 
engagement with the app; user can help a virtual 
SunSmart character earn points by daily check-in, 
Vitamin D maintenance, outdoor fun-with-family

User burden JITAI to be triggered by geofencing and geolocation 
API

We were mindful that user burden introduced by this 
algorithm be minimized. We ensured that JITAI trig-
gers be deployed only during solar peak hours and only 
after 20 min of continuous outdoor location is detected
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namely, UV strength, time of the day, seasonality, 
longitude, and latitude. Manipulating these variables 
encourages users to engage in experimental design 
and observe the changes in a digital world to then be 
more aware of UV-related factors in the real world. 
To maximize the engagement by child users, users 
will be able to point the smartphone camera at any 
background or object and the physical object solar 
paper is replaced by AR virtual paper whose color 
will change per virtual manipulation by the user. This 
way, the mechanisms by which color of the object 
changes would become more explicit. During co- 
design sessions, most of our participants from both 
design and subject expert groups expressed keen 
interest in playing with the AR feature to observe 
the outcomes of changing variables.
(2b) A virtual game (“Vampire Trail”) that reinforces 
the importance of enjoying the benefit of the sun, 
while exercising sun protection. The goal of this 
daily game is to gain the most sun protection, fun, 
and vitamin D points while increasing engagement 
with the app. Users will be encouraged to use these 
features as they interact with the Mobile SunSmart 
suite and the usage data for each feature will be 
logged. The usage data for each feature will be ana- 
lyzed to quantify the usability and engagement levels 
with individual features of the app.
(3) Personal and real-time tailored, just-in-time 
module. The main function of this module will be 
to deploy the main JITAI intervention based on the 
algorithm that combines person-level (from user data 
intake) and real-time UV and geofence data. Our sys- 
tem sets up virtual boundaries based on users’ geolo-
cation data collected by smartphone in real time and 
tags areas enclosed in a given geofence as indoor or 
outdoor based on the type of the location (e.g., the 
boundaries of one’s home are considered a geofence 
and would be tagged as indoor whereas the bounda- 
ries of a playground are considered as a geofence, 
tagged as outdoor). The app will trigger pre-programmed 
act ions  such as  sending mobi le  not i f ica- 
tion when pre-defined boundaries or geofences are crossed 
[71, 72].
(3a) Daily prevention. Preemptive prevention messages 
will be sent out every morning. The messages will 
be tailored based on child’s skin type, UV forecast 
for the day and outdoor activity planned for the day.
(3b) JIT intervention. JIT messages will be sent out 
when exposure exceeds predetermined thresholds for 
a given child (i.e., approximate number of minutes of 
UV exposure during solar peak hours, 10 am–4 pm). 
Person-level and time-varying data such as skin type, 
real-time UV index at user’s current location, out- 

door/indoor location determined by geofence data, 
and the user’s sunscreen SPF value will be combined 
to calculate the Safe Exposure Time (SET, defined 
as 10  min before the approximate minimum time to 
sun damage such as suntan or sunburn at a given 
moment). The mobile device sends a notification to 
remind the users to engage in sun protective behaviors 
after the SET is elapsed, thus providing JIT intervention.
(3c) End-of-day (EOD) assessment. Daily self-report 
of sun protective behavior will be collected via interac-
tive methods, leading to earning badges. Users can earn 
“streak” badges with completing EOD for multiple days 
in a row, for instance. We believe these interactive meth-
ods will increase the EMA compliance. The importance 
of confidentiality and integrity of sharing one’s own 
behavioral data will be conveyed to child users and their 
guardians throughout.

Discussion

In this paper, we describe our co-design process that 
involved children and their parents through an iterative and 
intentional approach to design a JITAI mobile SunSmart 
intervention. Existing sun protection interventions for chil-
dren often overlook disease-specific risk factors and cultur-
ally unique factors. Most of these programs often do not 
focus on co-developing strategies to optimally intervene for 
sustained changes. Such efforts have been particularly scant 
for children and families with cultural diversities. Our meth-
odology maximally leveraged multiple stakeholders [24, 25, 
29, 57, 73], most importantly the expert knowledge of the 
children and their parents about their own sun protection 
practices to directly influence the design of our JITAI.

To meet the unique set of design needs among our target 
users, we engaged children with design and subject exper-
tise and their parents who provided design ideas [24, 29]. 
This iterative process led us to correct and refine our initial 
speculations about what technology and strategies would be 
useful and feasible given their relevant contexts. The discus-
sion based on ethnically and socioeconomically diverse par-
ticipants’ backgrounds and experiences helped us understand 
that narratives-based content with a video format would be 
well-received and most scalable for sun protection-related 
education. Children and parent co-designers shared concerns 
that every situation they find themselves in is not always ideal 
or convenient for prioritizing sun protection. They identified 
challenges, barriers, and ambiguity relating to sun protection, 
especially for children with different skin tones within a fam-
ily. The co-designer children and parents also pointed to the 
lack of discussion and confusion regarding sun protection for 
different skin types. The iterative discussions also highlighted 
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that not all technological artifacts would be equally suitable 
for everyone or across all contexts. Our research approach not 
only surfaced these unique insights from our participants that 
researchers have not previously identified, but also directly 
translated their qualitative insights into digital features for a 
mobile application.

Based on the design ideas and iterative feedback provided 
by our participants, we have developed three modules: person-
alized and interactive data intake module, narrative-education 
 module, person-level and real-time tailored JITAI, and 
assessment module. Each module and individual features 
within each module have been guided by a set of engagement 
strategies that our participants informed us to be effective 
(i.e., the dos and don’ts). In future work, we plan to pilot test 
the beta version of the prototype JITAI with an independent 
sample of child users. To note, the level of enthusiasm of 
the local community families for providing feedback and 
remaining to be part of the study was remarkable.

We have noted several barriers and new information that 
were highlighted during the iterative co-design stages. For 
instance, sun collage activity that had been well-received as 
part of the classroom-based curriculum was not suitable for 
digital translation (e.g., “too classroom like”). Weaving in 
a storyline of Hispanic families in local settings to discuss 
sun protection issues was important to make the issue more 
directly relevant to ethnic minority children rather than to 
alienate them. Our JITAI design will also benefit from the 
children’s feedback that adding a wearable will be too bur-
densome for the users, which led us to find an alternative 
to achieve the same goal by combining geofence data and 
real-time UV data. We further learned that relying on cal-
endar input to assess daily outdoor activity was also not fea-
sible due to user burden. Therefore, we learned that Mobile 
SunSmart JITAI needs to be much more than a direct digital 
translation of classroom-based, “analogue” materials.

Reflecting on our methodological approach, we encoun-
tered a barrier when discussing sun protection with the chil-
dren and the family because the topic of skin cancer was not 
a salient one. Highlighting the skin cancer disparity-related 
facts sparked interest and facilitated the discussion among 
our participants. We encourage other researchers to engage in 
similar approaches in addressing health issues that may be dif-
ficult to raise or may not be immediately salient among com-
munity members. Based on our experience, we also empha-
size that building rapport with each of our participant group 
of co-design families was critical. Some of the subject expert 
children and family members were willing to participate in co-
design iterations with much enthusiasm even during incred-
ibly challenging time of Covid-19 during Spring 2020 with 
many constraints as they felt that they were part of the team.

Our findings highlight the importance of involvement of 
user input from the beginning and throughout the iterative 
process of intervention development for sun protection. This 

point is crucial as children and their parents, especially those 
with diverse and marginalized backgrounds in particular, 
have been often left out in the process of mobile health tool 
development [35]. As we have learned during our co-design 
process, children provide insightful information ranging 
from message delivery medium to specific user experience/
interface designs as sophisticated technology and informa-
tion consumers. Furthermore, not surprisingly, our partici-
pants’ familiarity with technology has grown more apparent 
as children became increasingly accustomed to online learn-
ing modifications due to Covid-19 restrictions. In sum, input 
from our subject expert children and parents served a critical 
role as we intended to develop technology that needs to be 
relevant and useful for the users [24, 25, 27, 29, 73].

Limitations

There are several limitations of our study. Our research meth- 
ods focused on subject expert children and parents from eth-
nically diverse communities in Southern California and the 
later phase of our co-design sessions were completed during 
Covid-19 pandemic. Therefore, the qualitative data from co-
design workshop may not be generalizable to other samples 
with different backgrounds or to all other temporal contexts. 
Mobile technology-related limitations are also noted. User 
perceptions about the proposed technology may change as 
the actual application becomes widely available. Prefer- 
ence for various modules and features might differ depend-
ing on app functionality and socioeconomic covariates such 
as gender, ethnic background, and resources. Furthermore, 
the app will be developed in Android; therefore, users more 
familiar with iOS might exhibit different usage patterns than 
Android users. Lastly, children will be asked to interact with 
the system installed on project phones for 2 weeks. Even 
though a majority of elementary school-aged children would 
be familiar with smartphones, interacting with an app on a 
smartphone can be distracting and burdensome. We will work 
with our participants to minimize such potential issues by 
disabling other features on project devices.

Conclusion

Despite these limitations, Mobile SunSmart is one of the first 
projects that maximally engage children co-designers and par- 
ents to build a technology to improve sun protection for those 
users with iterative and intentional design principles. The design 
process was informed by children and their families, public 
health, health communication, and human-computer interaction 
(HCI) theories. We hope that our scalable approach to design a 
mobile JITAI to improve sun protection will lay the foundation 
for future public health investigators for similar endeavors.
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