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Objective: To examine the validity of beachgoers’ self-
reported sun protection and UV exposure using objec-
tive measures.

Design: Eighty-eight participants completed a brief sur-
vey when they arrived at the beach; their skin was swabbed
for the presence of sunscreen, while an observer re-
corded their clothing worn to the beach and the pres-
ence of sunburn. On leaving the beach, an exit survey
detailing activities and sun habits while on the beach was
completed by the participants, follow-up sunscreen swabs
were obtained, and sunburns were recorded. Clothing ob-
servations were made for a subgroup (n=25) of partici-
pants during their beach stay.

Results: Most participants (38 [44%]) reported spend-
ing 2 to 3 hours at the beach, which was consistent with
researcher observations (Spearman rank correlation,
r=0.75). Moderate to substantial agreement was achieved
between reported use of sunscreen for the day and sun-

screen swabs (�, 0.54, 0.70, and 0.72 for the face, legs, and
arms, respectively). Participants’ self-report of clothing
worn to the beach had substantial agreement with re-
searcher observation: � coefficients ranged from 0.63 for
footwear to 0.77 for head wear. Agreement was variable
for clothing worn while on the beach, with slight to fair
agreement for sunglasses (�, 0.11) and footwear (�, 0.23)
and substantial agreement for upper body clothing (�,
0.79). Agreement between self-reported and observed sun-
burn was consistently lower (�, 0.21, 0.33, and 0.39 for
the face, legs, and arms, respectively), with participants
reporting more sunburn on arrival than was observed.

Conclusions: Overall, self-report measures of time out-
side, sunscreen use, and clothing worn demonstrated good
criterion validity when compared with observation and sun-
screen swabbing. Sunscreen swabbing proved an effec-
tive procedure for detecting sunscreen at a beach setting.
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I N THE UNITED STATES, THE INCI-
dence of and mortality due to skin
cancers, specifically cutaneous
melanoma, have increased rap-
idly in the past few decades.1,2 Be-

havioral recommendations for the preven-
tion of skin cancer aim to reduce exposure
to UV radiation by limiting time spent in
the sun; seeking shade, particularly dur-
ing periods of peak UV exposure; using a
sunscreen with a sun protection factor of
15 or higher; wearing protective clothing
(hat, shirt, and pants) and sunglasses; and
making sun safety a regular habit.3 The US
health objectives for 2010 include these
recommendations.4

Measurement of behavioral outcomes is
critical to the internal validity and utility of
skincancercontrol research.Measurement
ofsunprotectionbehaviorstypicallyinvolves
self-report, parental report, and direct ob-
servation of behavior.5 Most studies rely on
self-report of habitual sun protection prac-

tices, and there is no “gold standard” crite-
rion for evaluation.6,7 Methods used to ex-
amine the validity of self-report sun habits
amongthesestudieshavereliedoneitherdi-
rectobservation8-10orproxyreports.11InAus-
tralia, validity data on a solar protection di-
ary have been published for elementary
schoolchildren8andoutdoorworkers.9Com-
parisons between diary and observations
wereassessedduringoutdoor recess for the
schoolchildren and during a 2-hour period
for the outdoor workers. � Coefficients for
schoolchildren provided substantial agree-
ment for reporting head wear (�, 0.70), but
only fair agreement was obtained for cloth-
ingwornonthe legs(�,0.35)andtheshoul-
ders(�,0.34).Foroutdoorworkers,substan-
tial levels of agreement were obtained for
clothingwornonthe legs(�, 0.89),head(�,
0.71), and shoulders/arms (�, 0.64); and a
moderate level of agreement was obtained
fortheface(�,0.42).9Similarly,�coefficients
forastudy10ofUSpostalworkersyieldedsub-
stantial agreement for wearing long pants
(�, 0.83), a long-sleeved shirt (�, 0.71), a
wide-brimmedhat(�,0.62),andanyhat(�,
0.60), with moderate agreement for wear-
ing sunglasses (�, 0.51).
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While direct observation is an effective approach to
assess the wearing of hats, shirts, and sunglasses, research-
ers have faced the challenge of objectively assessing sun-
screen use. Proxy report has been used to validate self-
report of sunscreen use but is prone to the same limitations
and error as the instrument it is validating. A study that
assessed the validity of children’s sun habits, with par-
ents as proxy responders, reported moderate agreement
for the use of sunscreen on a sunny day (�, 0.52). Fair agree-
ment was obtained for questions related to use of sun-
screen in outdoor places (�, 0.36), frequency of sun-
screen use at the beach (�, 0.32), and frequency that the
parent or child applies sunscreen to the back (�, 0.27).11

These examples highlight the need for a more objective
assessment of sunscreen use in validation studies.

Sunscreen swabbing has been proposed as a quick, re-
liable, and objective method for determining whether sun-
screen has been applied to the skin.12 This procedure is
based on the fact that organic sunscreens are soluble in
a range of organic solvents, which are specifically de-
signed to absorb radiation in the UV spectrum.12 Sun-
screen swabbing has proved successful within labora-
tory12 and office13 settings and on a small sample of
children aged 2 to 4 years at a child care center.12 It is
portable, rapid, and easy to perform, and swabs can be
stored and analyzed in batches days or weeks later. This
procedure seems to be an appropriate procedure to be
used in conjunction with other objective measures of sun
protection to obtain a more complete picture of an in-
dividual’s sun protection practices. Therefore, this study
aims to assess the validity of self-report measures of sun
habits using recognized objective approaches in addi-
tion to innovative biological procedures.

METHODS

SETTING

The setting for this study was a beach in Honolulu, popular
for swimming and snorkeling, which attracts approximately 2500
visitors a day. This setting was chosen for the study because
the entrance and exit for the beach were limited to one loca-
tion, providing an ideal opportunity to recruit participants and
reduce attrition.

INSTRUMENTS

Self-report Instruments

The Sun Habits Survey consisted of a range of items related to
UV exposure and sun protection practices. Items included demo-
graphic information, such as sex, date of birth, level of educa-
tion, ethnicity, and place of residence. Participants were asked
to report on their use of sunscreen, such as whether it was ap-
plied before coming to the beach, how long before it was ap-
plied, and where on the body it was applied. Participants were
also asked to report on the color of their skin (no color change,
tanned, pink, or red) as a result of being in the sun for the past
48 hours.

The Sun Habits Exit Survey required participants to report
on their sun habits during their time at the beach. Items in-
cluded time spent at the beach, in the shade, and in the water;
use of shade; type of clothing worn on the upper and lower body;

type of footwear and head wear; and use of sunglasses and sun-
screen. Participants were asked to report the color of their skin
(no color change, tanned, pink, or red) as a result of being in
the sun at the beach all day.

Objective Instruments

The Sun Habits Audit was completed by research staff (A.D.S. and
others) to record date, time of arrival and departure, and pres-
ence of sunburn on the face, arms, and legs at arrival and again
at departure. Information was also collected on the clothing the
participant wore to the beach (head wear, upper body, lower body,
and footwear). Interrater reliability for assessing clothing ranged
from 0.77 for sunglasses to 0.88 for upper body clothing.14

A Sun Habits Midstudy Observation was conducted through-
out the day to record the type of clothing participants wore while
on the beach. Researchers attempted to locate each partici-
pant involved in the study and unobtrusively record what they
were wearing on the head, upper body, lower body, and feet.

The Sunscreen Swabbing procedure provides an objective mea-
sure of sunscreen use.12,13 We used 70% isopropyl alcohol swabs
(BD Alcohol Swabs; BD, Franklin Lakes, NJ) because they are
individually wrapped and small (approximately 2.5 cm2) and
have been used previously.13 Participants’ skin was swabbed at
4 anatomical sites: 1 baseline site (underarm) to provide a skin
swab with no sunscreen and 3 potential sunscreen sites (fore-
arm, cheek, and thigh). Staff (K.B.L. and others) wore poly-
urethane gloves while swabbing subjects. The alcohol swab was
wiped over a 2.5�4-cm area at the specific site. Swabs were
then placed in a vial that contained 4 mL of 100% ethanol. Eluted
washings (0.5 mL) were transferred to a UV-rated cuvette (UVB
ultra micro, 70-880 µL; BrandTech, Essex, Conn), and absor-
bance was determined using a UV-visible spectrophotometer
(DU-530; Beckman, Fullerton, Calif) at 5-nm intervals over the
wavelength of 280 to 400 nm (the UVA and UVB spectrum).
Absorbance is defined as a logarithmic function of the percent-
age transmission of light through sample and respective refer-
ence solution. A swab placed directly into ethanol was used as
a reference standard (control swab) for all other swabs, thereby
limiting potential light-absorbing properties of the swab itself.
Because of coding of samples, laboratory staff were blinded to
specific information relating to individual swabs. Sunscreen ab-
sorbance readings obtained from swab samples were assessed
at 320 nm because this wavelength has been previously re-
ported as a reliable indicator of sunscreen use.12,13 A cutoff at
an absorbance of 0.147 has been used within a controlled en-
vironment (office setting), where sunscreen was applied at a
recommended dose, to classify a swab as either sunscreen posi-
tive or sunscreen negative, with a sensitivity of 99.7% and a
specificity of 96.7%.13 It was hypothesized that in an outdoor
environment, the cutoff at a wavelength of 320 nm may need
to be adjusted to account for self-application of sunscreen, wa-
ter, and sand abrasion.13 Based on participant self-report with
full disclosure of the swabbing procedure, agreement between
swabs taken from this beach population and participant self-
report was also highest in the same range (0.140-0.147). As a
result, any adjustment seemed unwarranted.

PROCEDURE

Data collection was undertaken over 3 days during February/
March 2004. Participants were recruited while waiting for ad-
mittance to the beach. To reach our quota of 90 participants,
we recruited every fifth person (alternating between men and
women) between 8 and 9 AM and 12 and 1 PM, while every third
and ninth person was recruited between 9 and 11 AM and 1 and
2 PM. Only 1 person from each group or family was eligible to

(REPRINTED) ARCH DERMATOL/ VOL 142, OCT 2006 WWW.ARCHDERMATOL.COM
1305

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archderm.jamanetwork.com/ by a UQ Library User  on 11/12/2015



be involved. Inclusion criteria included being at least 18 years
old and having the ability to understand English.

Once consent was obtained, participants completed the Sun
Habits Survey, which took approximately 5 minutes. Partici-
pants were given a fluorescent bracelet to wear on their wrist for
easier identification for the midstudy observations. On entering
the beach, participants were escorted to a designated area to have
their skin swabbed (baseline) for the presence of sunscreen. Dur-
ing this time, another staff member (A.D.S.) completed a sun hab-
its audit, recording clothing worn to the beach and the pres-
ence of sunburn (participants were unaware of this procedure).
Sunscreen swabs were taken from 4 anatomical sites. Once these
procedures were completed, participants went about their usual
beach activities. Periodically, a researcher would conduct a mid-
study observation (unknown to the participant) to observe the
sun habits of participants while on the beach. On leaving the
beach, participants completed an exit survey of their sun pro-
tection practices and participated in a follow-up sunscreen swab.
Participants were given a small gift in appreciation for being in-
volved. All procedures were approved by the Committee for Hu-
man Subjects at the University of Hawaii at Manoa.

DATA PREPARATION
AND STATISTICAL ANALYSIS

Participant surveys were inspected for improper entries and were
optically scanned, and a random sample of 15% was verified
for accuracy. All statistical analyses were conducted using a com-
mercially available software program (SPSS, version 13).15

First, descriptive statistics were examined for the partici-
pant surveys and researcher observation measures. Sunburn mea-
sures were collapsed to make self-reported and observed cat-
egories comparable. Self-reported sunscreen use was categorized
from information provided in the Sun Habits Survey and Sun
Habits Exit Survey into 4 categories: (1) no use of sunscreen,
(2) only applied sunscreen before the beach, (3) only applied
sunscreen while at the beach, and (4) applied sunscreen be-
fore and reapplied sunscreen at the beach. Similarly, clothing
options having similar sun protection coverage were com-
bined to improve the sample size within categories. Upper body
was recoded from 6 categories (nothing, bikini top, 1-piece
swimsuit, tank top, short-sleeved shirt, and long-sleeved shirt)
to 3 categories (nothing/bikini top, 1-piece swimsuit/tank top,
and sleeved shirt). Lower body was recoded from 5 categories
(bikini bottom, men’s swimming brief, shorts, skirt, and long
pants) to 3 categories (bikini bottom/men’s swimming brief,
shorts/skirt, and long pants). Footwear was recoded from 4 cat-
egories (nothing, slippers, sandals, and shoes) to 3 categories
(nothing, slippers/sandals, and shoes). For midstudy audits,
footwear was dichotomized (yes or no) to account for the few
people reporting the use of footwear while on the beach. Sun-
burn categories were collapsed to make self-reported and ob-
served categories comparable. Reported sunburn was recoded
from 3 categories (no sunburn, tan, and pink or red) to 2 cat-
egories (no sunburn and pink or red).

Self-report measures of sunburn on arrival and departure,
clothing worn to and on the beach, and sunscreen use were com-
pared with researcher observation measures using simple � val-
ues. Interpretation of � coefficients was based on guidelines pro-
posed by Landis and Koch,16 which are considered conservative.17

� Coefficients will be categorized on a 6-point ordinal scale:
poor (�, �0.0), slight (�, 0.0-0.2), fair (�, 0.2-0.4), moderate
(�, 0.4-0.6), substantial (�, 0.6-0.8), and almost perfect (�, 0.8-
1.0).16 McNemar tests were examined when agreement was not
substantial to assess for systematic bias. Similarly, self-
reported time spent on the beach was compared with ob-
served time using a Spearman rank correlation.

An analysis of variance was conducted to detect differ-
ences in absorbance readings between various sunscreen prac-
tices. Goodness-of-fit �2 statistics were used to determine how
well the sun behavior frequency distributions of the sub-
sample undergoing midstudy observations fit the distribu-
tions of a larger sample of participants and the general beach
population.

RESULTS

PARTICIPANT CHARACTERISTICS

A total of 128 people were approached to be involved in
this study, and 90 participants consented (recruitment
rate, 70.3%). A complete set of data (survey, exit sur-
vey, and sunscreen swab: baseline and follow-up) was
obtained from 88 (98%) of the 90 participants re-
cruited. Participants were evenly distributed between men
(45 [51%]) and women (43 [49%]). The mean age was
40 years (SD, 13.9 years; range, 19-74 years), 70 (80%)
were white, and many (41 [47%]) reported having a col-
lege degree or higher. Of the participants, 77 (86%) re-
ported being on vacation. Most participants (38 [44%])
reported spending between 2 and 3 hours at the beach,
followed by 1 to 2 hours (18 [21%]), 3 to 4 hours (17
[18%]), 4 to 5 hours (10 [11%]), and 0 to 1 hour (5 [6%]).
These results had a good level of agreement with data re-
corded by researchers (Spearman rank correlation,
r=0.75).

SUNSCREEN USE

Moderate to substantial agreement was obtained be-
tween reported use of sunscreen and the swabbing pro-
cedure (Table 1). For the baseline swab before arrival
at the beach, agreement was highest for the face, fol-
lowed by the arm and leg. The swabbing procedure’s abil-
ity to detect sunscreen applied while at the beach re-
sulted in moderate agreement with self-report application
(�, 0.42-0.57). Participants who applied sunscreen be-
fore coming to the beach, but did not apply sunscreen
on the beach, confounded this agreement. Therefore, the
follow-up swab was used to validate any sunscreen use
that day, for which moderate to substantial agreement
for the arm, leg, and face was obtained. McNemar tests
revealed no biases toward overreporting at baseline or
follow-up.

The Figure illustrates the absorbance readings (at a
wavelength of 320 nm) for all sunscreen swabs at fol-
low-up (n=264) for the various types of sunscreen appli-
cation reported by participants. Outliers in this figure
highlight inconsistencies between self-report and the
swabbing procedure. For example, of those reporting that
they never used sunscreen, 8 swabs obtained absorbance
readings above 0.147, indicating the presence of sun-
screen. Outliers below 0.147 for participants who re-
ported applying sunscreen (at follow-up only or applied
and reapplied) indicate that sunscreen was not detected.

An analysis of variance revealed a significant differ-
ence in absorbance readings at a wavelength of 320 nm
(F1=219.5, P�.001) between participants who reported
sunscreen use (mean, 0.06; 95% confidence interval [CI],
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0.05-0.08) and those who reported no sunscreen use
(mean, 0.20; 95% CI, 0.19-0.21). Among participants who
reported using sunscreen, there were no significant dif-
ferences in absorption (F2=1.17, P=.31) between partici-
pants who applied sunscreen before the beach (mean,
0.19; 95% CI, 0.17-0.22), those who applied sunscreen
at the beach only (mean, 0.22; 95% CI, 0.19-0.23), and
those who applied sunscreen before the beach and reap-
plied sunscreen while at the beach (mean, 0.20; 95% CI,
0.18-0.21).

SUN-PROTECTIVE CLOTHING

In terms of clothing worn to the beach, substantial agree-
ment was obtained for all types of clothing, with the high-
est agreement for head wear, followed by sunglasses, up-
per body, lower body, and footwear (Table 2). Midstudy
observations were undertaken on 25 (28%) of 88 partici-
pants to observe sun protection practices while on the
beach. Substantial levels of agreement with self-report mea-
sures were obtained for upper body, lower body, and head
wear, while use of sunglasses and footwear on the beach

was only slight to fair. The McNemar test for sunglasses,
using the conservative exact significance value, showed
that participants were more likely to report the use of sun-
glasses compared with observation (P=.02). The � coef-
ficient for footwear was only fair, and the McNemar test
showed no difference in the pattern of disagreement.

There were no significant differences between par-
ticipants who were involved in the midstudy observa-
tion (n=25) and participants who were not observed while
on the beach (n=63) in terms of the clothing research-
ers observed them wearing to the beach on their upper
body (�2

2=4.9, P=.09), lower body (�2
2=0.08, P=.70), feet

(�2
2=1.4, P=.50), and head (�2

2=3.2, P=.40) and in terms
of their use of sunglasses (�2

1=1.2, P=.30).

SUNBURN

Fair levels of agreement for sunburn on arrival to the beach
were observed for the arms, legs, and face (Table 3).
The McNemar test revealed that participants were sig-
nificantly more likely to report sunburn on their arms
(�2

1=4.0, P=.05) and legs (�2
1=4.3, P=.04) than what the

researcher observed, with a similar but nonsignificant
trend for the face (�2

1=1.3, P=.30). Self-report and re-
searcher observation had poor levels of agreement for sun-
burn as a result of being at the beach that day, with re-
searchers significantly more likely to observe the presence
of sunburn on participants’ skin when they were leav-
ing the beach (�2

1=4.2, P=.04). To understand this find-
ing, we examined the impact of participants who came
to the beach already with a sunburn (per self-report).
When these participants were removed from the analy-
sis, the level of agreement improved, and while research-
ers were still likely to report more sunburn, this trend
was not significant (�2

1=1.9, P=.20).

Table 1. Agreement Between Reported Use of Sunscreen
and the Sunscreen Swab for 88 Participants

Participants’ Reported Use
of Sunscreen

Swabbing
Assessment of

Sunscreen Use*
� Value,

Mean (95%
Confidence

Interval)No Yes

Sunscreen applied before the
beach (baseline)

Face
No (n = 45) 40 (89) 5 (11)

0.77 (0.64-0.90)
Yes (n = 43) 5 (12) 38 (88)

Arm
No (n = 52) 48 (92) 4 (8)

0.66 (0.50-0.82)
Yes (n = 36) 10 (28) 26 (72)

Leg
No (n = 62) 49 (79) 13 (21)

0.49 (0.30-0.68)
Yes (n = 19) 5 (27) 14 (73)

Sunscreen applied at the beach
Face

No (n = 39) 24 (62) 15 (38)
0.42 (0.23-0.61)

Yes (n = 49) 10 (20) 39 (80)
Arm

No (n = 37) 25 (68) 12 (32)
0.55 (0.37-0.73)

Yes (n = 51) 7 (14) 44 (86)
Leg

No (n = 45) 33 (73) 12 (27)
0.57 (0.40-0.79)

Yes (n = 43) 7 (16) 36 (84)
Sunscreen use for the day

(follow-up)
Face

No (n = 22) 19 (86) 3 (14)
0.54 (0.34-0.72)

Yes (n = 66) 15 (23) 51 (77)
Arm

No (n = 25) 23 (92) 2 (8)
0.72 (0.56-0.87)

Yes (n = 63) 9 (14) 54 (86)
Leg

No (n = 33) 30 (91) 3 (9)
0.70 (0.55-0.85)

Yes (n = 55) 10 (18) 45 (82)

*Data are given as number (percentage) of each group. Percentages are
based on row totals.
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Figure. Absorbance readings of sunscreen swabs at 320 nm (including the
cutoff for the presence of sunscreen at 0.147 nm) for various types of
sunscreen application. o indicates outliers greater than 1.5 box lengths and
less than 3 box lengths away from the edge of the box; asterisks, outliers
that are 3 or more box lengths from the edge of the box; boxes, interquartile
range and contains 50% of observations or cases; bold horizontal lines in the
boxes, median value; and whiskers, smallest and largest value.
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COMMENT

This study has incorporated innovative and recognized ob-
jective procedures to assess the validity of conventional
data collection approaches toward sun protection mea-
surement. Overall, self-report measures of time outside,
sunscreen use, and clothing worn demonstrated good cri-
terion validity when compared with direct observation and
sunscreen swabbing. Sunscreen swabbing, previously tested
in a controlled environment, proved to be an effective pro-
cedure for detecting sunscreen at a beach setting.

To our knowledge, this is the first study to incorpo-
rate sunscreen swabbing into an assessment of self-

report measures of sun habits. This procedure proved to
be a rapid noninvasive approach to assess the presence
of sunscreen that was easily integrated with other objec-
tive assessments to obtain a comprehensive picture of sun
habits of beachgoers. Good to substantial agreement (�,
0.49-0.77) was obtained between self-report and the swab-
bing procedure. This procedure can effectively detect the
presence of sunscreen not only within a controlled en-
vironment, where sunscreen was applied at a recom-
mended dose (2 mg/cm2),18 but also in a beach setting,
where the level of protection afforded by sunscreen may
be compromised by inadequate application,19-21 water re-
sistance, and abrasion from clothing and/or sand.22,23 It

Table 2. Agreement Between Self-report and Objective Measures of Sun-Protective Clothing

Self-report Sun Habit Observed Sun Habit*
� Value, Mean

(95% Confidence Interval)

Clothing worn to the beach
Head wear (n = 85) Nothing Cap Brimmed hat NA

Nothing (n = 47) 43 (91) 2 (4) 2 (4) 0.77 (0.65 to 0.89)
Cap (n = 26) 1 (4) 25 (96) 0
Brimmed hat (n = 12) 4 (33) 2 (17) 6 (50)

Sunglasses (n = 79) No Yes NA NA
No (n = 21) 20 (95) 1 (5) NA

0.76 (0.61 to 0.92)
Yes (n = 58) 7 (12) 51 (88) NA

Upper body (n = 88) Nothing or bikini top 1-Piece swimsuit
or tank top

Sleeved shirt NA

Nothing or bikini top (n = 9) 4 (44) 1 (11) 4 (44)
0.65 (0.51 to 0.77)1-Piece swimsuit or tank top (n = 32) 2 (6) 25 (78) 5 (16)

Sleeved shirt (n = 47) 0 5 (11) 42 (89)
Lower body (n = 86) Bikini bottom or men’s

swimming brief
Shorts or skirt Long pants NA

Bikini bottom or men’s swimming
brief (n = 6)

0 6 (100) 0

0.64 (0.39 to 0.90)Shorts or skirt (n = 74) 0 74 (100) 0
Long pants (n = 6) 0 0 6 (100)

Footwear (n = 85) Nothing Slippers or sandals Shoes NA
Nothing (n = 5) 1 (20) 0 4 (80)

0.63 (0.47 to 0.78)Slippers or sandals (n = 64) 5 (8) 56 (88) 3 (5)
Shoes (n = 16) 1 (6) 1 (6) 14 (88)

Clothing worn on the beach
Head wear (n = 25) Nothing Cap Brimmed hat NA

Nothing (n = 15) 13 (87) 1 (7) 1 (7)
0.65 (0.34 to 0.92)Cap (n = 5) 2 (40) 3 (60) 0

Brimmed hat (n = 5) 0 1 (20) 4 (80)
Sunglasses (n = 18) No Yes NA NA

No (n = 7) 6 (86) 1 (14) NA 0.11 (−0.21 to 0.43)
Yes (n = 11) 8 (73) 3 (27) NA

Upper body (n = 24) Nothing or bikini top 1-Piece swimsuit
or tank top

Sleeved shirt NA

Nothing or bikini top (n = 13) 12 (92) 0 1 (8)
0.79 (0.58 to 1.00)1-Piece swimsuit or tank top (n = 6) 0 5 (83) 1 (17)

Sleeved shirt (n = 5) 1 (20) 0 4 (80)
Lower body (n = 23) Bikini bottom or men’s

swimming brief
Shorts or skirt Long pants NA

Bikini bottom or men’s swimming
brief (n = 12)

10 (83) 2 (17) 0

0.65 (0.34 to 0.96)Shorts or skirt (n = 11) 2 (18) 9 (82) 0
Long pants (n = 0) 0 0 0

Footwear (n = 23) No Yes NA NA
No (n = 18) 15 (83) 3 (17) NA 0.23 (−0.22 to 0.67)
Yes (n = 5) 3 (60) 2 (40) NA

Abbreviation: NA, data not applicable.
*Data are given as number (percentage) of each group. Percentages are based on row totals and may not total 100 because of rounding.
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was previously suggested that these factors may also ne-
cessitate an adjustment of the absorbance cutoff for de-
tecting the presence of sunscreen (absorbance of 0.147
at a wavelength of 320 nm) in an uncontrolled setting.13

While the examination of various absorbance cutoffs at
320 nm confirmed that 0.147 was the appropriate ab-
sorbency for differentiating sunscreen-positive and sun-
screen-negative swabs for this study, more data need to
be collected in a range of settings to confirm the appro-
priateness of this cutoff. Different cutoffs may also be re-
quired depending on the type of spectrophotometer,
swabs, and cuvettes used, because these factors may also
affect the absorbance readings of the eluted sunscreen
samples.

Sunscreen swabbing was not able to differentiate be-
tween application and reapplication of sunscreen among
beachgoers. There were no significant differences in the
absorbance readings of swabs from individuals who had
applied sunscreen at baseline only, had applied sun-
screen at follow-up only, or had applied sunscreen at base-
line and follow-up. Although this finding confirms those
reported previously among office workers,12,13 it was un-
expected because we estimated that abrasion and inap-
propriate application of sunscreen before arrival would
result in lower absorbance readings at follow-up. A pos-
sible explanation may be that the swab reaches a thresh-
old in its ability to remove sunscreen from the skin. This
procedure is not able to assess the effectiveness by which
sunscreen has been applied to the skin or the effective-
ness of the UV protection of sunscreen. Some variation
in the absorbance of sunscreen-positive swabs seems cor-
related with the sun protection factor, but more re-
search needs to be conducted to conclude if this tech-
nique can reliably confirm the sun protection factor of
sunscreen.

On several occasions, the swabbing procedure de-
tected the presence of sunscreen when participants re-
ported not applying sunscreen. It is possible that swab-
bing may detect the presence of sunscreen used on the
previous day because absorbance readings did not de-
crease over a 6-hour period in a controlled setting13 and,
therefore, it is likely tourists wore sunscreen during prior
activities. Furthermore, cosmetic products with sun-
screen ingredients may have been used but not re-
ported; the survey and exit survey questions asked spe-
cifically about sunscreen use. Screening questions will
be included in future surveys to account for this poten-
tial oversight.

Our study assessed the types of clothing worn by in-
dividuals at 2 points (on arrival to the beach and while
at the beach). Observations for clothing worn to the beach
were all comparable with data in previous studies9,10 that
compared self-report data with researcher observation
among adult populations, with � coefficients providing
substantial levels of agreement (�, 0.63-0.77). In rela-
tion to clothing worn on the beach, � coefficients were
comparable to previous research demonstrating substan-
tial agreement (�, 0.64-0.79) for head wear, upper body,
and lower body only. However, poor to fair agreement
was obtained for sunglasses (�, 0.11) and footwear (�,
0.25). This disparity may be more a product of compar-
ing self-report assessment that asked participants to re-

flect on the clothing they wore during their time at the
beach with a “point-in-time” observation. For example,
participants may have worn sunglasses while on the beach,
but when the observation was conducted, they may have
just returned from the water and were not wearing their
sunglasses. Although locating participants on a crowded
beach is labor intensive and difficult, improved agree-
ment between the 2 measures may be achieved if mul-
tiple observations were undertaken of the participants
while on the beach.

Agreement between self-report and visual inspection
of sunburns was slight to fair. This study found that while
participants were more likely than observers to report the
presence of sunburn on arrival to the beach, researcher
observations were more likely to report the presence of
sunburn on departure from the beach. Assessing sun-
burn in this manner is confounded by assessment error
associated with researcher observation and participant
report. On entry to the beach, participants may have been
aware that they had received a sunburn within the past
48 hours and had already experienced some fading in their
erythema, thus explaining the underreport of sunburn
by observers. On the other hand, warm temperatures and
physical activity may make participants look flushed or
display signs of erythema without much pain (individu-

Table 3. Agreement Between Self-report
and Observed Sunburn

Self-reported
Sunburn Data

Observed
Sunburn*

� Value, Mean
(95% Confidence

Interval)
No

Sunburn
Pink

or Red

Sunburn on arrival to the beach
(n = 85)

Face
No sunburn or tan

(n = 57)†
46 (81) 11 (19) 0.21 (−0.01 to 0.42)

Pink or red (n = 28) 17 (61) 11 (39)
Arms

No sunburn or tan
(n = 65)†

61 (94) 4 (6) 0.39 (0.16 to 0.63)

Pink or red (n = 20) 12 (60) 8 (40)
Legs

No sunburn or tan
(n = 63)†

58 (92) 5 (8) 0.33 (0.10 to 0.56)

Pink or red (n = 22) 14 (64) 8 (36)
Sunburn while at the beach

Overall (n = 81)
No sunburn (n = 55) 32 (58) 23 (42) 0.14 (−0.10 to 0.35)
Pink or red (n = 26) 11 (42) 15 (58)

No reported sunburn before
entering the beach (n = 49)

No sunburn (n = 36) 26 (72) 10 (28) 0.30 (0.03 to 0.58)
Pink or red (n = 13) 5 (38) 8 (62)

Reported sunburn on
entering the beach (n = 32)

No sunburn (n = 19) 6 (32) 13 (68) −0.13 (−0.45 to 0.18)
Pink or red (n = 13) 6 (46) 7 (54)

*Data are given as number (percentage) of each group. Percentages are
based on row totals.

†Participants had the option to choose if they believed that they had tanned
as a result of the sun.
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als may not consider themselves sunburned until it hurts)
when they are leaving the beach, resulting in overreport-
ing of sunburn through visual inspection. While one ad-
vantage of visual inspection was that assessment can be
conducted quickly,5 researchers lacked a standard by
which to effectively determine sunburn on an indi-
vidual. As a result of these inconsistencies, an alterna-
tive method to objectively assess sunburn in a noninva-
sive manner should be adopted. Spectrophotometers and
colorimeters have been used to quantify skin color5 and
have been shown to have high interrater reliability.24-26

Colorimeters, in particular, seem to be an effective in-
strument for objectively quantifying sunburn because they
have been reported to be highly correlated with visual
inspection (r, 0.72-0.97).5 A couple of limitations of these
instruments is that they are expensive and there is a de-
gree of labor intensity associated with using them effec-
tively.5,6 Regardless, they may be more reliable and less
prone to observer error than visual inspection, and ef-
forts should be made to incorporate them into future vali-
dation studies.

Interpretation of the findings reported in this study
should be tempered by the following limitations. Be-
cause of a small sample size, our findings may not be gen-
eralizable to all beachgoers. Furthermore, this study only
compares beach habits of individuals for that day of as-
sessment and may not be reflective of their general sun
protection practices. Only 25 midstudy observations were
obtained because this assessment was only conducted on
individuals who were on the beach and excluded indi-
viduals who were in the vicinity of the beach (such as in
the water, at the snack shop, or in the restrooms). There
was, however, no significant difference between partici-
pants who were involved in midstudy observation and
those who were not in terms of the clothing they were
observed wearing to the beach. There was also no spe-
cific time after arrival to the beach that midstudy obser-
vations were undertaken. Greater effort will also be made
in the future to ensure that all assessments are con-
ducted within a specified amount of time after arrival to
the beach. Shade use, while an important strategy for
reducing UV exposure, was not validated in this study.
Of 88 participants, 19 (22%) reported using shade while
at the beach; however, this was not confirmed by direct
observation and needs to be included in future assess-
ments. Sunscreen swabbing may have resulted in some
reactivity among participants, because we informed
them that the process was designed to detect the pres-
ence of sunscreen. It is expected, however, that any
changes in sunscreen behavior would have been mini-
mal because participants did not know before arriving at
the beach that they were going to be involved in the
project and any reactivity may have been limited,
improving agreement of the follow-up swabs only.
Finally, interrater reliability was not obtained for sun-
burns. Sunburns were assessed by the researcher respon-
sible for the sun habits audit in consultation with the
researcher conducting sunscreen swabbing because they
were working closely with the participants and actually
swabbing the sites where sunburn was being assessed.
Interrater reliability for sunburns will be obtained in
future assessments.

This study contributes to the paucity of existing re-
search describing the validity of self-report sun habits and
has demonstrated that multiple strategies can be effec-
tively adopted to achieve this goal. The moderate to sub-
stantial agreement obtained for many self-report mea-
sures when compared with objective procedures confirms
that self-report is a suitable approach to assess sun hab-
its of beachgoers. The incorporation of objective mea-
sures was a time-consuming and labor-intensive exer-
cise, but was a crucial component to the validation process.
We have demonstrated that the sunscreen swabbing pro-
cedure can be successfully incorporated with other ob-
jective measures to assess the validity of self-report sun
habits. When used as an adjunct to other assessment in-
struments, this innovative procedure could be a useful
addition to interventions aimed at improving the sun pro-
tection practices of individuals.

Further research is required to confirm the utility of
our self-report instruments among a broader cross-
section of the community. While there is consensus in
the need to report findings from validated instru-
ments,6,27 lacking is the ability to reliably compare find-
ings between studies because of variations in method and
terminology used to describe various sun habits. The de-
velopment of standardized measures, such as those used
in other health fields, such as physical activity28 and nu-
trition,29 may improve comparability across studies.
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