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Abstract

Background: In the United States, melanoma is the fifth most common type of cancer. Reducing UV radiation (UVR) exposure
is essential for the prevention of melanoma. The assessment of individual-level UVR exposure using wearable technology is a
promising method to monitor and reduce UVR exposure. However, the feasibility and acceptability of using wearable UVR
monitoring devices have not been assessed.

Objective: This study aimed to assess the feasibility and acceptability of using a commercially available UVR monitoring
wearable device in adults and children.

Methods: We recruited families (1 parent and 1 child) to test a new, commercially available UVR monitoring device (namely,
Shade). Participants wore Shade for 2 weeks and completed questionnaires assessing the feasibility and acceptability of wearing
the device. Qualitative analyses were conducted to summarize participants’ open-ended responses regarding device feasibility.

Results: A total of 194 individuals (97 adults and 97 children) participated in this study. The participating children were aged,
on average, 12.7 years. Overall, adults and children reported moderate satisfaction with wearing Shade. The feasibility of the use
of Shade was adequate, with 73% (65/89) of adults and 61% (54/89) of children reporting that they wore the device “all of the
time they were outside.” Through open-ended responses, participants reported that the device was easy to use, was compact, and
increased their awareness about their exposure to UVR.

Conclusions: Adults and children can feasibly use a wearable UVR monitoring device, and the use of the device was acceptable
to participants. The device could be integrated into melanoma preventive interventions to increase individuals’ and families’
awareness of UVR exposure and to facilitate the use of recommended melanoma preventive strategies.

(JMIR Dermatol 2020;3(1):e15711) doi: 10.2196/15711
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Introduction

Background
In the United States, melanoma is the fifth most common type
of cancer [1]. Over the past three decades, overall melanoma
incidence has increased by 1.5% each year; the incidence in
pediatric populations is increasing, and these trends are expected
to continue [1]. Individual UV radiation (UVR) exposure is the
primary modifiable risk factor related to melanoma development
[2]. The reduction of UVR exposure through the use of sun
protection strategies (eg, wearing a sunscreen, wearing long
sleeves, and avoiding peak UVR hours from 10 AM to 4 PM)
is essential for the prevention of melanoma. Decreasing UVR
exposure during childhood is especially critical because 25%
of one’s lifetime UVR exposure occurs during childhood, a key
period of skin cell development and susceptibility [3,4]. Children
and adolescents often rely on their parents to engage in sun-safe
habits (eg, helping apply a sunscreen, providing long-sleeved
shirts for children to wear, and buying a sunscreen for the
household), thereby decreasing their UVR exposure, and are
more likely to be successful in engaging in these behaviors if
their parents model sun-safe habits [5-7]. However, many
parents do not provide sufficient sun protection for their children
[7]. Furthermore, children often do not use the recommended
sun protection strategies to decrease UVR exposure, and they
receive multiple sunburns, which can double their lifetime risk
of melanoma [8,9].

Typically, the assessment of an individual’s UVR exposure has
relied on self-reported questionnaires and diaries of sun
protection, time spent outdoors, and the number of sunburns
[10-13]. However, self-reported measurements of UVR exposure
can be upwardly biased because of inaccurate recall and social
desirability effects [14-17]. There are few objective assessments
of UVR exposure available. The most common method for
assessing objectively measured UVR exposure has been through
the use of personal electronic dosimeters, which are worn as
wristwatches or fixed to clothing and collect individual UVR
exposure at instantaneous readings (eg, every second) [18-24].
Previous studies using electronic dosimeters have been limited
by the use of dosimeters that detect UV-B only, are not
commercially available and thus have a lower likelihood for
broader dissemination, have low sensitivity and specificity, and
are unable to filter out visible light that could overestimate
actual UVR measurements [25-27].

The Shade UVR sensor is a newly developed wearable
radiometer, which records both instantaneous readings and
accumulated UVR doses over time [26]. The device is capable
of measuring both UV-B and UV-A, filtering out visible light,
and is weighted according to the erythemal action spectra, which
is standardized by the International Commission on Illumination
and adopted by the World Health Organization [26,28,29]. Using
a standardized unit of UVR exposure allows for the
comparability of exposure measurements among study
populations. In addition, Shade has documented excellent
sensitivity and accuracy, including when compared with other
UVR monitoring devices [26]. For example, the accuracy of

Shade is roughly 80%, whereas the accuracy of the Band
wearable device is roughly 20% [26].

Objectives
Commercially available UVR monitoring devices have the
potential to be integrated into melanoma preventive interventions
aimed at reducing UVR exposure. For example, such devices
could facilitate the self-monitoring of UVR exposure and
increase an individual’s awareness of their overall UVR
exposure levels. In other areas of research and practice,
including those focused on increasing physical activity to
prevent or treat obesity, self-monitoring of health behaviors (eg,
time spent engaging in physical activity) has been shown to be
beneficial for positive health behavior changes [30,31].
However, previous studies have not yet assessed the feasibility
and acceptability of using a commercially available UVR
monitoring device, from participants’ perspectives [19,21,32].
Establishing the adequate feasibility and acceptability of such
devices is essential before being used in skin cancer preventive
interventions aimed at decreasing UVR exposure. The purpose
of this study was to examine the feasibility and acceptability of
using a newly developed, commercially available UVR
monitoring wearable device (ie, Shade) in children and adults.

Methods

Study Sample
All study participants were recruited within the state of Utah,
which has the highest incidence of melanoma in the United
States [33]. Adults were eligible to participate in the study if
(1) they were at least aged 18 years, (2) were residents of Utah,
(3) had at least one child aged 8 to 17 years who was willing to
participate in the study, (4) did not have a pacemaker (because
of the strong magnet in the UVR monitoring device), (5) had
and were willing to use a Bluetooth or Wi-Fi–enabled mobile
phone for research purposes (to communicate with the research
staff and synchronized the device), (6) were willing to download
and use a free mobile phone app that shared their UVR exposure
data with the research team, and (7) were able to read and speak
English. Children were eligible to participate if (1) they were
aged 8 to 17 years, (2) lived with a primary caretaker in Utah,
and (3) did not have a pacemaker. Children who did not have
a Bluetooth or Wi-Fi–enabled device that allowed them to share
their UVR exposure data with the research team were loaned
one for the duration of the study.

A total of 194 participants (97 parent-child dyads) were enrolled
in the study. Of the adults who completed eligibility screening,
34 were ineligible. The reasons for ineligibility included the
parent not having children aged between 8 and 17 years (n=28),
not having a mobile phone with Bluetooth and Wi-Fi (n=5),
and being unable to read English (n=1). Of the 116 eligible
adults, 7 decided not to participate and 12 were unable to
participate because of a limited number of devices available for
use within the context of this study. There were no parent-child
dyads excluded because of child ineligibility after it was
determined that the parent was eligible to participate. Data were
collected between June 2018 and October 2018 to capture the
experiences of adults and children wearing the device during

JMIR Dermatol 2020 | vol. 3 | iss. 1 | e15711 | p. 2http://derma.jmir.org/2020/1/e15711/
(page number not for citation purposes)

Nagelhout et alJMIR DERMATOLOGY

XSL•FO
RenderX

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


the summer months and once school had started. An institutional
review board approved all the study procedures.

Study Procedures
Before their study enrollment, parental consent, parental
permission, and child assent forms were emailed to participants,
and Shade was mailed to participants. Once participants received
the devices, they provided informed consent by phone. During
the consent call, research assistants reviewed instructions on
the use and care for the device. Parents and children were each
asked to wear Shade clipped to the chest portion of their shirt
for 14 days during waking hours. Shade collects the individual,
time-stamped standard erythemal dose (SED), a standardized
measure of UVR exposure, accumulated over the course of the
day and reports readings of the SED every 6 min. The device
is 1.58 inches in diameter and weighs 0.48 ounces and can be
attached to clothing with a built-in magnet. The data collected
by the device were synchronized using the Shade research app.
Shade, which is commercially available, is accompanied by an
app; however, for the purposes of our research project, we used
the Shade research app. The research app did not provide
participants any information on their UVR exposure, as we were
focused on examining the feasibility and acceptability of
wearing the device separately from the UVR feedback feature.
The app was used to collect the UV data from the device and
to notify participants when the device battery needed to be
recharged. The participants were also instructed to avoid getting
the device wet (as it is not waterproof), to synchronize the device
to the Shade research app daily, and to recharge their device at
least every 3 days. At the start of the 14-day study period,
parents and children were asked to complete a baseline
questionnaire that included items assessing demographic
information. They were also asked to complete once-daily
questionnaires assessing whether they had worn the device.
Finally, parents and children were asked to complete an exit
questionnaire assessing the feasibility and acceptability of
wearing Shade. Parents and children reported on their own use
of the device separately. Feasibility and acceptability were
conceptually defined based on previous research [34,35].
Feasibility was defined as “Are participants capable of and
willing to integrate wearing the Shade device into their daily
lives?” Acceptability was defined as “To what extent wearing
the Shade device was judged as suitable, satisfying, or attractive
to study participants?”

Feasibility
Feasibility was assessed through four multioption quantitative
items and two open-ended questions. The quantitative items
included the following: (1) “During days you wore the Shade
device, how much of the time between 7 am and 7 pm did you
wear the device when you were outside?” (eg, “wearing it ¼ of
the time” and “wearing it all of the time”); (2) “When did you
wear the Shade device?” (eg, “I put it on in the morning and
wore it all day [except in the shower or while swimming], and

took it off again in the evening” and “I wore it most of the time
but took it off at special occasions”); (3) “When you wore the
Shade device, did you pay attention to it?” (eg, “Yes, I was
aware that it should be clipped to my clothing, exposed to the
sun, but I didn’t change my behavior because of it” and “No, I
didn’t pay attention to it at all”); and (4) “While you wore the
Shade device, did people around you notice it and ask you what
it was for?” (eg, “yes, many” and “no, no one”). Open-ended
feasibility questions assessed perceptions of enjoyment and
usability and included the following questions: “What did you
like about the Shade device?” and “What were some of the
challenges of wearing the Shade device?”

Acceptability
The acceptability of using Shade was measured using a 17-item
modified questionnaire that assessed the perceptions of comfort,
enjoyment, privacy, and usefulness of the device [34]. The
original questionnaire was modified to focus on the acceptability
of wearing the device. Responses were measured on a 5-point
Likert-type scale, scored 1 to 5, ranging from strongly disagree
to strongly agree. For example, participants were asked to rate
how much they agreed with items such as “I think the device
was comfortable.” All questionnaires were administered using
Research Electronic Data Capture (REDCap) [36,37].

Analytic Plan
Descriptive statistics were calculated to summarize participant
demographic characteristics and to report the proportions of
participants’ responses to quantitative feasibility and
acceptability questions. Means and standard deviations were
calculated to summarize the number of days the device was
worn. The qualitative feasibility questions were coded using
content analysis to identify common themes describing what
parents and children liked about the device (eg, ease of use and
awareness of their UVR exposure) and challenges they
experienced when wearing the device (eg, the device falling
off) [38]. The codebook was created by three research team
members based on the initial coding of 10% of parents’ and
children’s responses for each of the two open-ended feasibility
questions. Overall, 50% of all parents’ and children’s responses
were coded by two independent coders (percent
agreement=95%). All discrepancies in coding were discussed
and resolved by the coders before commencing the analysis.

Results

Demographic Characteristics
A total of 97 adults and 97 children (N=194 individuals)
participated in this study. Among adults, 87% (83/95) were
non-Hispanic white and 5% (5/95) were Hispanic and 77%
(73/95) were women (Table 1). The average age of participating
children was 12.7 years (SD 2.6), 85% (81/95) were
non-Hispanic white and 8% (8/95) were Hispanic and 59%
(56/95) were female (Table 1).
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Table 1. Demographic characteristics of participants.

Children (n=97)Adults (n=97)Characteristics

12.7 (2.7)41.6 (6.3)Age (years), mean (SD)

Sex, n (%)

39 (41)22 (23)Male

56 (59)73 (77)Female

Race, n (%)

81 (85)83 (87)Non-Hispanic white

8 (8)5 (5)Hispanic

4 (4)5 (5)Asian or Asian American

2 (2)2 (2)Other

Marital status, n (%)

N/Aa84 (88)Married or marriage-like relationship

N/A9 (10)Divorced/separated

N/A2 (2)Widowed

Level of education, n (%)

N/A8 (8)High school graduate or General Educational Development

N/A8 (8)Vocational or technical school

N/A33 (35)Some college, including 2-year degree

N/A25 (26)Bachelor’s degree

N/A21 (22)Master’s/doctoral degree

Family income, n (%)

N/A23 (24)<US $50,000

N/A64 (67)>US $50,000

N/A8 (8)I would rather not report this

Occupation location, n (%)

N/A82 (86)Mainly indoors

N/A9 (9)Mainly outdoors

N/A3 (3)In a motor vehicle

aN/A: not applicable (not asked of children).

Acceptability of a UV Radiation Monitoring Device
Parents and children reported moderate levels of satisfaction
with wearing Shade. Parents agreed or strongly agreed that the
device was well suited for their bodies (45/89, 51%), was
comfortable (57/89, 64%), and was easy to wear (68/69, 76%;

Table 2). More than 80% (73/88) of children agreed or strongly
agreed that the device was easy to wear. Only 8% (7/89) of
parents and 17% (15/88) of children agreed or strongly agreed
that the device felt weird physically (Table 2). Only 25% (22/89)
of parents agreed or strongly agreed that they would purchase
the device.
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Table 2. Parent’s and children’s reported acceptability of Shade, a UV radiation monitoring device.

Agree or strongly agreeAcceptability of Shade

Children, n (%)Parents, n (%)

15 (17)7 (8)Wearing the device feels weird physically

39 (44)45 (51)I think the device is well suited for my body

33 (38)57 (64)I think the device was comfortable

13 (15)57 (64)I think the device was boring

28 (32)19 (21)I think the device was annoying

23 (26)20 (23)I think the device was pleasant

4 (5)3 (3)I think the device may threaten my privacy

32 (36)24 (27)If most people in my environment used the device, I would be more inclined to use it as well

46 (52)43 (48)If people who are influential in my life recommended that I use the device for a period of time, I would
do so

12 (14)14 (16)I think I would wear the device only if I were forced to

15 (17)22 (25)If it were launched on the market at an affordable price, I would likely purchase it

37 (42)44 (49)If the device were available to me, I would use it

16 (18)26 (29)It seems tiresome to use the device

73 (83)68 (76)It seems easy to wear the device

26 (30)11 (12)The device would be incompatible with most aspects of my activities

14 (16)8 (9)The device limits the way in which I like to perform my activities

12 (14)15 (17)The device could improve the quality of my activities

Feasibility of Using a UV Radiation Monitoring Device
Parents reported wearing Shade for an average of 12.7 days (SD
2.54) out of 14 days, and children reported wearing their device
for an average of 12.2 days (SD 3.03) out of 14 days. The
majority of parents (65/89, 73%) and children (54/89, 61%)
reported that they wore Shade whenever they were outdoors
between 7 AM and 7 PM during the study period. When asked
when they wore the device during the day, 80% (72/90) of
parents and 71% (63/89) of children reported that they put it on
in the morning and wore it all day and took it off again in the
evening, indicating full compliance with the study protocol.

The vast majority of the sample (89/97, 92% of parents and
87/97, 90% of children) provided responses to the open-ended
feasibility questions. The most commonly endorsed themes
regarding what participants liked about Shade were the device’s
ease of use and compact size and that the device increased the
participant’s awareness about their sun-safe habits and tracked
their UVR exposure (see Multimedia Appendix 1). The most
commonly endorsed challenges of wearing Shade among parents
and children included keeping the device’s UVR sensor
uncovered (eg, by clothing), remembering to wear the device,
its impact on daily activities (eg, the device was in the way
while doing chores and the device tugged on shirts), and the
device inadvertently falling off. Another challenge mentioned
by parents and children included receiving questions from others
about the device (Multimedia Appendix 1).

Discussion

Principal Findings
The results of this study indicate that the use of a wearable UVR
monitoring device was moderately acceptable and feasible for
adults and children. In addition, parents and children were, on
average, adherent to wearing the device for the vast majority
of the desired monitoring days, indicating the potential for the
use of monitoring devices in future melanoma prevention
interventions. Although participants found wearing the device
to be both acceptable and feasible, the results of this study
indicated some ways in which the device could be improved
for future use.

Exposure to UVR is the primary modifiable risk factor for
melanoma [39]. Despite public health efforts to increase the
awareness of the harmful effects of UVR through educational
interventions, adults and adolescents continue to report
experiencing sunburns and do not adhere to sun protection use
(eg, wearing sunscreen or long sleeve shirts) [40]. The use of a
feasible and acceptable UVR monitoring device, similar to the
one assessed in this study, may be beneficial when combined
with other health behavior strategies (eg, wearing a sunscreen
and avoiding peak UVR hours) in driving behavior changes to
reduce UVR exposure. Although participants were not provided
with UVR exposure data in real time, 33% of adults and 9% of
children reported that wearing the device made them more aware
of their outdoor sun habits. More than 11% of children reported
that they liked the device because it was able to track their UVR
exposure. These findings suggest participants may be interested
in using a wearable UVR exposure device to monitor their UVR
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exposure. Future studies may be helpful in identifying whether
users find it feasible and acceptable to monitor their UVR
exposure through the use of a monitoring device and an
integrated UVR feedback system (eg, a phone app or device
display). Our team is currently designing interventions to
provide participants with personalized UVR feedback in real
time in an effort to promote sun protection use.

Self-monitoring of health behaviors via objective measures has
been shown in other populations to increase the awareness of
behaviors such as sedentary periods and to counter self-reported
underestimates of the time spent in sedentary activities [41].
Similarly, in the context of UVR exposure, it is likely that
individuals do not have an accurate perception of the amount
of UVR exposure they receive. For example, one study reported
that a participant’s perception of being in the sun for a long
period could range from 30 min to an entire day, which would
vastly affect the amount of UVR exposure they received [42].
Providing feedback on the amount of UVR exposure received
during daily activities and accumulated throughout the course
of an entire day could help individuals have a more accurate
sense of their UVR exposure. Knowledge of one’s daily UVR
exposure will likely become increasingly important, as the
overall amount of UVR that is reaching the earth’s surface is
increasing because of ozone depletion, which puts people at a
greater risk for the harmful effects of UVR [43,44].

The results of this study also raised considerations for
modifications of UVR monitoring wearable device technology
for use in future research. Participants indicated wearing the
device was challenging because they forgot to wear the device,
it impacted their daily activities, the device fell off at times, and
the device solicited questions from others. These results are
similar to findings from other studies evaluating the acceptability
of wearing health tracking devices. Previous studies have found
that barriers to using a wearable device include remembering
to put it on, the inability to wear it during certain activities, the
device not being waterproof, fear of losing the device, and
increased social tension resulting from peers asking about the
device [45-47]. Future devices may be more acceptable to users
if the device or associated mobile phone app had an alert
function to remind them to put on their device each morning,
if the device could be worn as a wristwatch or in another
inconspicuous location so as to not attract attention from peers,
and if the device was waterproof. Parents and children had
differing views about some of the aspects of Shade. For

example, 64% of parents and 37.5% of children agreed or
strongly agreed that the device was comfortable, and 21.0% of
parents and 31.8% of children found the device to be annoying.
These differences may emphasize the need to tailor UVR
wearable devices for use in adult and child populations
separately.

Strengths and Limitations
The strengths of this study include the use of a commercially
available wearable device, which can be accessed by the general
population to track their UVR exposure. This study also included
both adults and children, who could both potentially benefit
from future interventions using UVR monitoring devices, given
that both populations are at risk for UVR exposure. Exploring
adults’ and children’s perceptions of the device’s acceptability
and feasibility separately helped to elucidate the most important
challenges that parents and children may experience when using
such devices. For example, remembering to wear the device
was a bigger issue for children than for adults, and this
information can be considered when developing future
interventions and app functions. A limitation of this study was
the focus on self-reported compliance to wearing the device. In
the future, devices that employ accelerometers or other
technologies that objectively assess whether participants were
wearing the device would be better monitors for study protocol
adherence. Future studies could minimize the potential for
missing data due to these factors by emphasizing to participants
the importance of regular synchronizing and charging their
devices to prevent loss of data. Finally, this study was conducted
within a single geographic area, which may reduce the
generalizability of the results. Two limitations of Shade include
its lack of an accelerometer (used to track compliance) and the
lack of a waterproof sensor, making it impossible to be worn
while swimming.

Conclusions
The findings of this study indicate that a wearable UVR
monitoring device can be feasibly and acceptably used by both
adults and children. The use of a wearable device to monitor
UVR exposure is a unique and objective method for quantifying
the amount of UVR exposure and could be used to support
adults and children in reducing their UVR exposure. Ultimately,
decreases in personal UVR exposure could contribute to the
prevention of melanoma and other types of skin cancer in the
future.
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Themes endorsed by parents and children on the open-ended feasibility questions.
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