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Sun Protection Behaviors

Skin cancer incidence, and especially melanoma, is rising 
excessively worldwide (Apalla et al., 2017). The burden of 
melanoma is highest in Europe, North America, and Oceania, 
where together 84% of incidences in 2018 occurred (Bray 
et al., 2018). Incidence rates are expected to rise even fur-
ther over the coming decades in fair-skinned populations 
(Whiteman et al., 2016), emphasizing the importance of pre-
vention efforts. Exposure to ultraviolet radiation (UVR) and 
sunburn incidence, particularly during early childhood, are 
the most important risk factors in the etiology of melanoma 
(Arnold et al., 2018; Whiteman et al., 2001). Globally, one to 
two thirds of children experience at least one sunburn every 
year (Ackermann et al., 2016; Behrens et al., 2013; Day et al., 
2017; Hall et al., 2001; O’Riordan et al., 2003; Wu et al., 
2019). Therefore, it is warranted to reduce the amount of 
received UVR and sunburn occurrence by performing ade-
quate sun protection behaviors (e.g., using sunscreen, seeking 
shade) in children, specifically.

Parents play a crucial role in directly or indirectly pro-
tecting their children from overexposure to UVR and sun-
burn. Young children generally rely on their parent’s sun 
protection behavior toward them (Thoonen et al., 2019). As 
they grow older, parents serve as their primary role models 
from which children learn how to perform these behaviors 
themselves (Hagger & Hamilton, 2019). Moreover, studies 
investigating the parental role in sun protection reveal that 
parents are important gatekeepers in encouraging children’s 
own sun protection attitudes and behaviors (Dobbinson et al., 
2012; O’Riordan et al., 2003; Turrisi et al., 2007). Parents 
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Abstract
Background. Adequate sun safety during childhood is crucial for decreasing skin cancer risk in later life. Although parents are 
an essential target group in applying sun protection measures for their children, insight into the determinants associated 
with their sun protection behaviors is limited. Aims. This study aims to identify the most relevant determinants in predicting 
multiple parental sun protection intentions and behaviors in different sun exposure situations. Method. A longitudinal survey 
study with two measurements was conducted among Dutch parents (N = 670) of children (4–12 years old). Twenty-
seven sociocognitive determinants were examined in terms of relevance regarding four parental sun protection behaviors 
in different sun exposure situations. The Confidence Interval-Based Estimation of Relevance approach was used to visualize 
room for improvement (sample means) on all determinants and their association strengths (correlations) with sun protection 
intentions and behaviors. Results. Behavior-specific rather than generic determinants were most relevant in explaining all sun 
protection behaviors. Of these determinants, attitude, self-efficacy and action planning, and especially parental feelings of 
difficulty in performing sun protection behaviors, were most relevant. Altogether, the explained variance of all sociocognitive 
determinants was highest for shade-seeking behavior (R2 = .41 and .43) and lowest for supportive behavior (R2 = .19 and 
.29) in both planned and incidental sun exposure situations, respectively. Discussion. This study provides detailed insight into 
relevant sociocognitive determinants of parental sun protection behaviors in various sun exposure situations and directions 
for composing parental skin cancer prevention interventions. Conclusions. Future composition of sun safety interventions 
should emphasize on enhancing parental feelings of self-efficacy, especially for shade-seeking and clothing behaviors.
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are therefore essential targets to promote sun protection in 
children.

Although guidelines exist to adequately protect one’s 
skin against UVR (Watson et al., 2014), reported parental 
adherence varies among studies. For example, studies report 
that only 17% of parents perform sun protection among their 
children correctly (Tan et al., 2018), or 75% of parents inad-
equately apply sunscreen to their child (Klostermann et al., 
2014), while other studies describe high parental performance 
of sun protection behaviors (Gefeller et al., 2016; Stanton 
et al., 2004). Sun protection ideally comprises simultaneous 
application of multiple protective measures (Watson et al., 
2014), with seeking shade and wearing protective clothing 
increasingly being recommended. However, sunscreen use is 
often the most preferred, and regarded as the safest, precau-
tion taken by the general population (Koch et al., 2017; Linos 
et al., 2011) and among parents (Klostermann et al., 2014; 
Thoonen et al., 2019). Nonetheless, an overreliance on sun-
screen can occur, resulting in an increased risk of unprotected 
UVR exposure and sunburn (Autier, 2009; Autier et al., 2007; 
Ghiasvand et al., 2015). This sunscreen paradox is particularly 
perceived during planned sun exposure (e.g., when going to 
the beach). However, results may differ for situations in which 
people are not purposely exposed to sun (e.g., when walking 
or bicycling; Autier, 2009). Hence, sun protection approaches 
need to address comprehensive sun protection behaviors in 
various situations (Sinclair & Foley, 2009).

Understanding why parents engage in sun protection 
behaviors by examining relevant sociocognitive determi-
nants is fundamental to address these determinants in future 
interventions (Kok et al., 2016). Various studies have inves-
tigated the role of sociocognitive determinants (e.g., attitude, 
social norms) in the onset of sun protection behaviors among 
adults (Bränström et al., 2004; Myers & Horswill, 2006; 
White et al., 2015), but comprehensive studies investigating 
parent-for-child sun protection behaviors are limited. These 
studies often focus on premotivational determinants such as 
knowledge or risk perceptions (de Vries et al., 2012; Li et al., 
2011), or attitude (Cercato et al., 2013; Johnson et al., 2001; 
Li et al., 2011); include parents of very young (2 to 6 years 
old) children (Hamilton et al., 2017; Thomson et al., 2012; 
Turner & Mermelstein, 2005); or have sunscreen use as main 
outcome (Hamilton et al., 2017; van Osch, Reubsaet, Lechner, 
Candel, et al., 2008). Although preliminary, results of these 
studies indicate an influential role of sociocognitive deter-
minants such as anticipated regret, attitude, self-efficacy, and 
action planning in parental sun protection behaviors. To tar-
get sun safety interventions for parents, identification of the 
most relevant determinants foregoing various parental sun 
protection behaviors is imperative (Bartholomew Eldredge 
et al., 2016; Hamilton et al., 2017). Gaining comprehensive 
insight by investigating the relevance of both generic (e.g., 
knowledge about skin cancer) and behavior-specific (e.g., 
attitude toward clothing behavior) sociocognitive determi-
nants is warranted.

Despite the importance of sun safety during childhood and 
the powerful parental role in initiating sun protection behav-
iors (Dobbinson et al., 2012; Thoonen et al., 2019), targeted 
interventions are so far restricted. Moreover, those interven-
tions targeted at parents report limited effects on parental 
behavior, such as clothing or seeking shade (Bellamy, 2005; 
Gritz et al., 2005; Hart & DeMarco, 2008; Hunter et al., 2010; 
Rodrigues et al., 2013). This is also illustrated by systematic 
reviews concerning effectiveness of educational interventions, 
revealing that conclusions about the effectiveness regarding 
parent-for-child sun protection behaviors could not be drawn 
(Saraiya et al., 2004), reported limited efficacy (Bellamy, 
2005) or did not specifically report on parental target groups 
(Rodrigues et al., 2013). A recent review discussed the limita-
tion of available evidence among children’s caregivers when 
assessing the effectiveness of community-wide sun safety 
interventions (Sandhu et al., 2016). Although some positive 
effects of educational interventions on parental sun protection 
behaviors are reported, strong conclusions about the effective-
ness of these parent-for-child interventions remain absent due 
to lack of data.

This study aims to identify most relevant generic and 
behavior-specific sociocognitive determinants regarding their 
room for improvement and association with both direct (i.e., 
sunscreen use, clothing, seeking shade) and indirect (support-
ing the child in performing sun protection measures) parent-
for-child sun protection behaviors. Furthermore, this study 
distinguishes relevance of sociocognitive determinants in 
both planned (e.g., going to the beach) and incidental (e.g., 
bicycling) sun exposure situations.

Method

Study Design

Data from a longitudinal cohort study regarding parental sun 
protection with a total of four measurements were used. For 
this study specifically, data from the second (October 2016 
[T1]) and third (October 2017 [T2]) measurement were ana-
lyzed, as all determinants (T1) and behaviors (T2) relevant 
for this study aim were included. This study was exempted 
from approval by a medical ethics committee, since partici-
pants were not exposed to medical procedures or behavioral 
demands (Central Committee on Research Involving Human 
Subjects, 2002). The data collected in this study were pseud-
onymized, meaning that the research team could not identify 
specific persons within the dataset (Crutzen et al., 2019). 
STROBE guidelines for observational research were followed 
to report this study (Von Elm et al., 2007).

Participants and Recruitment

The Dutch research organization TNS-KANTAR (2019) 
invited an eligible sample of parents who were members of 
an existing research panel, representative of the Dutch general 
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population based on education and income. Parents were eli-
gible for participation if they had at least one child in the 
primary school age. Online informed consent was obtained 
by TNS-KANTAR (2019). The sample of parents received 
one invitational email and one reminder per measurement. 
In these invitations, a direct link was provided to the online 
questionnaires assessing direct (i.e., sunscreen use, clothing, 
and seeking shade) and indirect (supportive) sun protection 
behaviors and related behavioral determinants. Parents were 
asked to answer the questions regarding the same child (the 
youngest in their household) during both measurements. After 
completion of each questionnaire, parents received a small 
incentive consisting of gift vouchers.

Measurement

The online survey assessed the following aspects: (1) demo-
graphic characteristics, (2) execution of sun protection 
behaviors, (3) generic determinants, and (4) behavior-specific 
determinants. Sections 3 and 4 were based on the premo-
tivational, motivational, and postmotivational phases of the 
I-change model (de Vries, 2017), an integrative theoretical 
framework for understanding health behavior.

Demographic Characteristics. Age, gender, and educational 
level of parents were assessed, together with age and gender 
of their child. Educational level of parents was categorized 
as low (1; e.g., primary education)/medium (2; e.g., second-
ary vocational education)/high (3; e.g. university education), 
conform guidelines of Statistics Netherlands (Nuffic, 2019; 
Statistics Netherlands [CBS], 2016). Children’s age was 
classified into three groups (4 to 6 years, 7 to 9 years, and 
>10 years; cf. Dutch primary school system).

Direct and Indirect Sun Protection Behaviors. Direct sun pro-
tection behaviors consisted of (1) applying sunscreen, (2) 
providing the child with UV-protective clothing and/or gar-
ments, and (3) seeking shade. Indirect behavior consisted of 
supporting the child in conducting his or her own sun protec-
tion behaviors (defined as advising, facilitating sun protec-
tion behaviors, and checking/monitoring whether the child 
applied sun protection behaviors). The frequency of self-
reported application of these behaviors was assessed regard-
ing the past summer season, using a 5-point Likert-type scale 
ranging from never (1) to always (5). A nonapplicable answer 
category was included for indirect behavior, in case the child 
was too young to be supported in his or her own sun protec-
tion behavior.

Execution of all sun protection behaviors was assessed 
for two different types of sun exposure. First, planned sun 
exposure (PS), consisting of situations during which parents 
and/or their child expected and intended to be exposed to the 
sun (e.g., going to the swimming pool or beach) and, second, 
incidental sun exposure (IS) comprised situations of uninten-
tional sun exposure (e.g., bicycling or playing outside).

In total, eight outcome measures (three direct behaviors 
and one indirect behavior; all in two situations) were assessed. 
To clarify the distinction of behaviors and situations, par-
ents received explanation about the separate sun protection 
behaviors beforehand, according to guidelines from the Dutch 
Cancer Society (KWF Kankerbestrijding, 2020) and examples 
of different sun exposure situations (https://osf.io/vwr2g/).

Generic Sociocognitive Determinants. Generic sociocognitive 
determinants were assessed universally across all four behav-
iors. The construct knowledge consisted of 14 true-false 
statements regarding UVR exposure, sunburn, and skin can-
cer (correct [1], incorrect [0], or I don’t know [0]). Risk per-
ception consisted of 12 questions addressing cognitive (four 
items) and affective (four items) risk susceptibility, and 
severity (four items) concerning both sunburn and skin can-
cer, addressing PS and IS situations. Anticipated regret con-
tained four questions regarding regret parents feel when their 
child would experience a sunburn. Furthermore, the fre-
quency of children’s sunburn during both the previous sum-
mer season and across their lifetime was assessed as an 
indicator for cues to action. Last, parent’s attitude toward the 
importance of their children’s tanned skin was assessed. All 
items were assessed using a 5-point Likert-type scale.

Behavior-Specific Determinants. Behavior-specific sociocog-
nitive determinants were assessed for each separate sun pro-
tection behavior, in which two questions, regarding PS and 
IS situations, were assessed per item. For every sun protec-
tion behavior, attitude was measured by two items assessing 
the extent to which parents regarded the sun protection 
behavior as important or unimportant, as well as pleasant or 
unpleasant. Social norm was measured by two items per 
behavior, distinguishing the perceived norms based on the 
opinion of partners (if applicable) and important others. Self-
efficacy was measured by two items per behavior, which dif-
ferentiated parental experiences of difficulty and ability of 
performing sun protection behaviors. Action planning was 
measured by one item per behavior, assessing whether a spe-
cific plan was formulated to perform sun protection. Last, 
intention toward each specific sun protection behavior was 
assessed by one item (de Vries, 2017). Table 1 provides a set 
of exemplary items.

Analyses

Descriptive analyses were performed using IBM SPSS 
Statistics for Windows, Version 24.0 (IBM Corp, 2016). 
Not applicable answers to questions were excluded from 
analyses. A sum score of the number of correctly answered 
knowledge items was computed (ranging from 0 [low lev-
els of knowledge] to 14 [high levels of knowledge]), which 
was then recoded into a scale ranging from 1 to 5 to enhance 
visual comparison between all determinants imputed in fur-
ther analyses (as they were assessed using 5-point Likert-type 
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scales). For the analyses, determinants from T1 (n = 28) and 
behavioral outcomes from T2 (n = 8) were used.

Confidence interval–based estimation of relevance 
(CIBER) was used to establish relevance of parental sociocog-
nitive determinants regarding their sun protection behaviors 
(Crutzen et al., 2017). CIBER is a data visualization method 
integrating descriptive statistics that combine two types of 
analyses: assessing (1) univariate distribution of each deter-
minant (based on means), and (2) associations with behavioral 
outcomes (based on correlations). Univariate distributions 
show the room for improvement regarding each determinant 
(i.e., how high participants score on the scale). This needs to 
be combined with the association with behavioral outcomes, 

Table 1. Exemplary Items of Behavior-Specific Determinants Concerning Sunscreen Use in Incidental Situations.a

Determinants Subconcepts Items Answer categories and coding

Attitude
 Importance Importance of 

sunscreen use
When my child is engaging in outdoor activities (e.g., 

playing, bicycling) on sunny days, I think that 
adequately applying sunscreen to my child is [ . . . ]

1 = not important, 2 = slightly 
important, 3 = moderately 
important, 4 = important,  
5 = very important

 Pleasantness Pleasantness of 
sunscreen use

When my child is engaging in outdoor activities such as 
playing, exercising, bicycling, or walking on a sunny 
day, I think adequate sunscreen use for my child is [ 
. . . ]

1 = not pleasant, 2 = slightly 
pleasant, 3 = moderately pleasant, 
4 = pleasant, 5 = very pleasant

Social norm
 Partner Partner’s opinion 

about sunscreen 
use

When my child is engaging in outdoor activities such as 
playing, exercising, bicycling, or walking on sunny days, 
my partner thinks it is important that we adequately 
use sunscreen for our child.

1 = totally disagree, 2 = disagree,  
3 = neutral, 4 = agree,  
5 = totally agree,  
6 = not applicable (= 99)

 Important 
others

Opinion of 
important others 
about sunscreen 
use

When my child is engaging in outdoor activities such as 
playing, exercising, bicycling, or walking on sunny 
days, important people around me think it is important 
that I/we adequately use sunscreen for my child.

1 = totally disagree, 2 = disagree,  
3 = neutral, 4 = agree,  
5 = totally agree

Self-efficacy
 Difficulty Difficulty to apply 

sunscreen
When my child is engaging in outdoor activities (e.g., 

playing, bicycling) on sunny days, how difficult is it for 
you to make sure he/she is adequately protected with 
sunscreen?

1 = very difficult, 2 = difficult,  
3 = neutral, 4 = easy, 5. very easy

 Ability Being able to apply 
sunscreen

If my child is engaging in outdoor activities (e.g., playing, 
bicycling) on sunny days, I am able to make sure he/
she is adequately protected with sunscreen.

1 = definitely not, 2 = probably not, 
3 = neutral, 4 = probably,  
5 = definitely

Intention
 Intention to apply 

sunscreen
When your child is engaging in outdoor activities (e.g., 

playing, bicycling) on sunny days, do you intend to 
adequately apply sunscreen to him/her?

1 = definitely not, 2 = probably not, 
3 = might, 4 = probably,  
5 = definitely

Action planning
 Formulation of 

action plan(s) to 
apply sunscreen

When your child is engaging in outdoor activities (e.g., 
playing, bicycling) on sunny days, do you have a 
specific plan to adequately use sunscreen for him/her?

1 = definitely not, 2 = probably not, 
3 = might, 4 = probably would,  
5 = definitely would

Sun protection behavior
 Parent-for-child 

sunscreen use 
during the previous 
summer season

When your child was engaging in outdoor activities such 
as playing, exercising, bicycling, or walking on a sunny 
day during the previous summer, to what extent did 
you adequately apply sunscreen to protect your child?

1 = never, 2 = rarely,  
3 = sometimes, 4 = often,  
5 = very often

aThe full questionnaire can be retrieved from Open Science Framework (https://osf.io/vwr2g/).

as those determinants that are associated with behavior and 
where there is room for improvement are the most relevant 
candidate variables to intervene upon. For both means and 
correlations, confidence intervals show the accuracy with 
which these can be estimated. CIBER visualizes this infor-
mation to facilitate comparison on spatial dimensions, which 
is necessary when making selections for intervention develop-
ment. Furthermore, visualization foregoes the apparent accu-
racy and objectivity produced by numbers. Given the relative 
width of most sampling distributions and the subsequent 
variation that occurs in estimates over samples (Moinester 
& Gottfried, 2014; Peters & Crutzen, 2020), caution in bas-
ing decisions on the exact computed numbers seems prudent. 

https://osf.io/vwr2g/


396 Health Education & Behavior 49(3)

CIBER plots were created using the R (R Core Team, 2017) 
package behaviorchange (Peters, 2018).

Results

Sample Characteristics

At T2, 670 parents remained (74.1% response rate; 58.5% 
mothers; 54.3% higher educated; mean income range: 
69.000–82.300) and were included in the analyses. Attrition 
analyses indicated that demographic characteristics were not 
significantly associated with drop out on T1 and T2. From 
these parents, 339 (50.6%) and 331 (49.4%) answered the 
questionnaires regarding sun protection of their son and 
daughter, respectively. Children were aged between 4 and 14 
years (modus = 6; M = 8.8; SD = 2.6). Self-reported sunburn 
occurred at least once among 29.1% of the children during 
the previous summer season (M = 1.3; SD = .5) and among 
77.4% of the children throughout their lives (M = 1.9; SD = 
.6). With regard to direct sun protection behaviors, sunscreen 
was frequently (i.e., “often” and “always”) applied by parents 
in PS (88.2%) as well as in IS (64.8%) situations. Additionally, 
frequent execution of indirect behavior was performed by a 
majority of the parents in both PS and IS situations (77.0% 
and 68.8%, respectively).

Relevance of Behavior-Specific Determinants

Direct Behaviors. Overall, both beliefs assessing attitude 
demonstrated highest sample means regarding sunscreen use 
in both PS and IS situations. Overall, the belief regarding 
importance demonstrated higher mean scores and therefore 
less room for improvement than the belief about pleasant-
ness of the sun protection behaviors. Moreover, for all sun 
protection behaviors, both attitudinal determinants indicated 
strong positive associations with both sun protection inten-
tions and behaviors in PS as well as IS situations.

With regard to social norm, sample means were again 
higher for sunscreen use than for clothing and shade-seeking 
behavior. The extent to which partners believe that sun pro-
tection is important demonstrated highest mean scores for 
all behaviors, whereas the extent of importance among other 
people depicted lower mean scores, implicating more room 
for improvement. For all sun protection behaviors, the impor-
tance of a partner’s opinion concerning the sun protection 
behavior demonstrated positive associations with sun protec-
tion intentions and behaviors for all three behaviors, in both 
PS and IS situations. Compared with other determinants, the 
importance of sun protection according to other people often 
indicated the lowest associations.

Self-efficacy demonstrated lowest sample means compared 
with other determinants, especially for clothing and shade-
seeking behavior. Especially, feelings of difficulty depicted 
lowest scores across almost all behaviors, indicating high 
perceived difficulty to perform sun protection behaviors 
and notable room for improvement. Compared with other 

behaviors, parents indicated highest difficulty for seeking 
shade. Moreover, being able to perform sun protection behav-
iors depicted notable room for improvement as well. Both 
aspects of self-efficacy demonstrated highest positive associa-
tions with intentions and performance across all behaviors, 
with feelings of ability to perform sun protection behaviors 
showing most positive associations.

Last, formation of action plans demonstrated low sample 
means and therefore opportunity for improvement for all sun 
protection behaviors in both PS and IS situations, with again 
seeking shade indicating the lowest scores across behaviors. 
Following self-efficacy, action planning often depicted the 
second highest association with intentions and behaviors to 
perform sun protection behaviors.

In Figure 1, an overview of the relevance of behavior-spe-
cific determinants regarding direct sun protection behaviors 
is provided for both PS and IS situations.1

Indirect Behaviors. Overall, behavior-specific determinants 
foregoing supportive behavior depicted comparable sample 
means in PS and IS situations. Moreover, sample means were 
highest for attitude and social norm (concerning partner’s 
opinion) and lowest for self-efficacy (difficulty of providing 
support) and action planning. Associations with intentions 
and behaviors were most positive for determinants related to 
self-efficacy and action planning, with the self-efficacy 
belief about ability having the highest associations (consider 
Figure 2). Since mostly older aged children are being encour-
aged to perform sun protection behaviors themselves, a 
smaller sample of parents reported execution indirect behav-
ior (n = 637; 95.1%).

Relevance of Generic Determinants Across All 
Behaviors

Knowledge portrayed high sample mean scores across all 
behaviors, whereas sample means regarding risk percep-
tion depicted lower scores. Particularly, lowest scores were 
reported for cognitive and affective risk susceptibility con-
cerning skin cancer in IS situations. Moreover, higher sample 
means were demonstrated for determinants concerning skin 
cancer severity, with the severity of skin cancer in compari-
son with other cancer types depicting lowest mean scores. 
Anticipated regret was moderate to high across all behaviors, 
in which regret concerning sunburn was notably lower than 
regret concerning skin cancer development. The group mean 
for the attitude concerning children’s tanned skin was low.

Associations of the generic determinants with intentions 
(r range .07–.37) and behaviors (r range .07–.34) were low 
and varied slightly across behaviors. Moreover, previous sun-
burn and the positive attitude toward children’s tanned skin 
were negatively associated with all sun protection intentions 
(r range −.08 to −.30) and behaviors (r range −.01 to −.30). 
Table 2 provides all sample distributions and associations with 
sun protection intentions and behaviors.



397

de
fin

ite
ly

 n
ot

de
fin

ite
ly

 n
ot

ve
ry

 d
iff

ic
ul

t

to
ta

lly
 d

is
ag

re
e

to
ta

lly
 d

is
ag

re
e

no
t p

le
as

an
t

no
t i

m
po

rta
nt

de
fin

ite
ly

de
fin

ite
ly

ve
ry

 e
as

y

to
ta

lly
 a

gr
ee

to
ta

lly
 a

gr
ee

ve
ry

 p
le

as
an

t

ve
ry

 im
po

rta
nt

1
2

3
4

5
Sc

or
es

 a
nd

 9
9.

99
%

 C
Is

7.
 F

or
m

ul
at

io
n 

of
 a

ct
io

n 
pl

an
s 

to
 a

pp
ly

 s
un

sc
re

en

6.
 S

el
f−

Ef
fic

ac
y:

 a
bi

lit
y 

to
 a

pp
ly

 s
un

sc
re

en

5.
 S

el
f−

Ef
fic

ac
y:

 d
iff

ic
ul

ty
 to

 a
pp

ly
 s

un
sc

re
en

4.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

th
er

s 
ab

ou
t s

un
sc

re
en

 u
se

3.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 p

ar
tn

er
 a

bo
ut

 s
un

sc
re

en
 u

se

2.
 A

tti
tu

de
: p

le
as

an
tn

es
s 

of
 s

un
sc

re
en

 u
se

1.
 A

tti
tu

de
: i

m
po

rta
nc

e 
of

 s
un

sc
re

en
 u

se

−1
.0

−0
.5

0.
0

0.
5

1.
0

95
%

 C
Is

 o
f a

ss
oc

ia
tio

ns

M
ea

ns
 a

nd
 a

ss
oc

ia
tio

ns
 w

ith
 in

te
nt

io
n 

(R
² =

 [.
51

; .
61

]) 
&

 s
un

sc
re

en
 u

se
 (R

² =
 [.

18
; .

3]
) i

n 
pl

an
ne

d 
si

tu
at

io
ns

de
fin

ite
ly

 n
ot

de
fin

ite
ly

 n
ot

ve
ry

 d
iff

ic
ul

t

to
ta

lly
 d

is
ag

re
e

to
ta

lly
 d

is
ag

re
e

no
t p

le
as

an
t

no
t i

m
po

rta
nt

de
fin

ite
ly

de
fin

ite
ly

ve
ry

 e
as

y

to
ta

lly
 a

gr
ee

to
ta

lly
 a

gr
ee

ve
ry

 p
le

as
an

t

ve
ry

 im
po

rta
nt

1
2

3
4

5
Sc

or
es

 a
nd

 9
9.

99
%

 C
Is

7.
 F

or
m

ul
at

io
n 

of
 a

ct
io

n 
pl

an
s 

to
 a

pp
ly

 s
un

sc
re

en

6.
 S

el
f−

Ef
fic

ac
y:

 a
bi

lit
y 

to
 a

pp
ly

 s
un

sc
re

en

5.
 S

el
f−

Ef
fic

ac
y:

 d
iff

ic
ul

ty
 to

 a
pp

ly
 s

un
sc

re
en

4.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

th
er

s 
ab

ou
t s

un
sc

re
en

 u
se

3.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 p

ar
tn

er
 a

bo
ut

 s
un

sc
re

en
 u

se

2.
 A

tti
tu

de
: p

le
as

an
tn

es
s 

of
 s

un
sc

re
en

 u
se

1.
 A

tti
tu

de
: i

m
po

rta
nc

e 
of

 s
un

sc
re

en
 u

se

−1
.0

−0
.5

0.
0

0.
5

1.
0

95
%

 C
Is

 o
f a

ss
oc

ia
tio

ns

M
ea

ns
 a

nd
 a

ss
oc

ia
tio

ns
 w

ith
 in

te
nt

io
n 

(R
² =

 [.
57

; .
66

]) 
&

 s
un

sc
re

en
 u

se
 (R

² =
 [.

24
; .

36
]) 

in
 in

ci
de

nt
al

 s
itu

at
io

ns

de
fin

ite
ly

 n
ot

de
fin

ite
ly

 n
ot

ve
ry

 d
iff

ic
ul

t

to
ta

lly
 d

is
ag

re
e

to
ta

lly
 d

is
ag

re
e

no
t p

le
as

an
t

no
t i

m
po

rta
nt

de
fin

ite
ly

de
fin

ite
ly

ve
ry

 e
as

y

to
ta

lly
 a

gr
ee

to
ta

lly
 a

gr
ee

ve
ry

 p
le

as
an

t

ve
ry

 im
po

rta
nt

1
2

3
4

5
Sc

or
es

 a
nd

 9
9.

99
%

 C
Is

7.
 F

or
m

ul
at

io
n 

of
 a

ct
io

n 
pl

an
s 

to
 p

er
fo

rm
 c

lo
th

in
g

6.
 S

el
f−

Ef
fic

ac
y:

 a
bi

lit
y 

to
 p

er
fo

rm
 c

lo
th

in
g

5.
 S

el
f−

Ef
fic

ac
y:

 d
iff

ic
ul

ty
 to

 p
er

fo
rm

 c
lo

th
in

g

4.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

th
er

s 
ab

ou
t c

lo
th

in
g

3.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 p

ar
tn

er
 a

bo
ut

 c
lo

th
in

g

2.
 A

tti
tu

de
: p

le
as

an
tn

es
s 

of
 c

lo
th

in
g

1.
 A

tti
tu

de
: i

m
po

rta
nc

e 
of

 c
lo

th
in

g

−1
.0

−0
.5

0.
0

0.
5

1.
0

95
%

 C
Is

 o
f a

ss
oc

ia
tio

ns

M
ea

ns
 a

nd
 a

ss
oc

ia
tio

ns
 w

ith
 in

te
nt

io
n 

(R
² =

 [.
64

; .
72

]) 
&

 c
lo

th
in

g 
(R

² =
 [.

25
; .

37
]) 

in
 in

ci
de

nt
al

 s
itu

at
io

ns

P
la

nn
ed

 s
un

 e
xp

os
ur

e 
si

tu
at

io
ns

In
ci

de
nt

al
 s

un
 e

xp
os

ur
e 

si
tu

at
io

ns

S
un

sc
re

en
 u

se

C
lo

th
in

g

de
fin

ite
ly

 n
ot

de
fin

ite
ly

 n
ot

ve
ry

 d
iff

ic
ul

t

to
ta

lly
 d

is
ag

re
e

to
ta

lly
 d

is
ag

re
e

no
t p

le
as

an
t

no
t i

m
po

rta
nt

de
fin

ite
ly

de
fin

ite
ly

ve
ry

 e
as

y

to
ta

lly
 a

gr
ee

to
ta

lly
 a

gr
ee

ve
ry

 p
le

as
an

t

ve
ry

 im
po

rta
nt

1
2

3
4

5
Sc

or
es

 a
nd

 9
9.

99
%

 C
Is

7.
 F

or
m

ul
at

io
n 

of
 a

ct
io

n 
pl

an
s 

to
 p

er
fo

rm
 c

lo
th

in
g

6.
 S

el
f−

Ef
fic

ac
y:

 a
bi

lit
y 

to
 p

er
fo

rm
 c

lo
th

in
g

5.
 S

el
f−

Ef
fic

ac
y:

 d
iff

ic
ul

ty
 to

 p
er

fo
rm

 c
lo

th
in

g

4.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

th
er

s 
ab

ou
t c

lo
th

in
g

3.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 p

ar
tn

er
 a

bo
ut

 c
lo

th
in

g

2.
 A

tti
tu

de
: p

le
as

an
tn

es
s 

of
 c

lo
th

in
g

1.
 A

tti
tu

de
: i

m
po

rta
nc

e 
of

 c
lo

th
in

g

−1
.0

−0
.5

0.
0

0.
5

1.
0

95
%

 C
Is

 o
f a

ss
oc

ia
tio

ns

M
ea

ns
 a

nd
 a

ss
oc

ia
tio

ns
 w

ith
 in

te
nt

io
n 

(R
² =

 [.
59

; .
68

]) 
&

 c
lo

th
in

g 
(R

² =
 [.

29
; .

41
]) 

in
 p

la
nn

ed
 s

itu
at

io
ns



398 

de
fin

ite
ly

 n
ot

de
fin

ite
ly

 n
ot

ve
ry

 d
iff

ic
ul

t

to
ta

lly
 d

is
ag

re
e

to
ta

lly
 d

is
ag

re
e

no
t p

le
as

an
t

no
t i

m
po

rta
nt

de
fin

ite
ly

de
fin

ite
ly

ve
ry

 e
as

y

to
ta

lly
 a

gr
ee

to
ta

lly
 a

gr
ee

ve
ry

 p
le

as
an

t

ve
ry

 im
po

rta
nt

1
2

3
4

5
Sc

or
es

 a
nd

 9
9.

99
%

 C
Is

7.
 F

or
m

ul
at

io
n 

of
 a

ct
io

n 
pl

an
s 

to
 s

ee
k 

sh
ad

e

6.
 S

el
f−

Ef
fic

ac
y:

 a
bi

lit
y 

to
 s

ee
k 

sh
ad

e

5.
 S

el
f−

Ef
fic

ac
y:

 d
iff

ic
ul

ty
 to

 s
ee

k 
sh

ad
e

4.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

f o
th

er
s 

ab
ou

t s
ee

ki
ng

 s
ha

de

3.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

f p
ar

tn
er

 a
bo

ut
 s

ee
ki

ng
 s

ha
de

2.
 A

tti
tu

de
: p

le
as

an
tn

es
s 

of
 s

ee
ki

ng
 s

ha
de

1.
 A

tti
tu

de
: i

m
po

rta
nc

e 
of

 s
ee

ki
ng

 s
ha

de

−1
.0

−0
.5

0.
0

0.
5

1.
0

95
%

 C
Is

 o
f a

ss
oc

ia
tio

ns

M
ea

ns
 a

nd
 a

ss
oc

ia
tio

ns
 w

ith
 in

te
nt

io
n 

(R
² =

 [.
6;

 .6
9]

) &
 s

ee
ki

ng
 s

ha
de

 (R
² =

 [.
32

; .
44

]) 
in

 p
la

nn
ed

 s
itu

at
io

ns

de
fin

ite
ly

 n
ot

de
fin

ite
ly

 n
ot

ve
ry

 d
iff

ic
ul

t

to
ta

lly
 d

is
ag

re
e

to
ta

lly
 d

is
ag

re
e

no
t p

le
as

an
t

no
t i

m
po

rta
nt

de
fin

ite
ly

de
fin

ite
ly

ve
ry

 e
as

y

to
ta

lly
 a

gr
ee

to
ta

lly
 a

gr
ee

ve
ry

 p
le

as
an

t

ve
ry

 im
po

rta
nt

1
2

3
4

5
Sc

or
es

 a
nd

 9
9.

99
%

 C
Is

7.
 F

or
m

ul
at

io
n 

of
 a

ct
io

n 
pl

an
s 

to
 s

ee
k 

sh
ad

e

6.
 S

el
f−

Ef
fic

ac
y:

 a
bi

lit
y 

to
 s

ee
k 

sh
ad

e

5.
 S

el
f−

Ef
fic

ac
y:

 d
iff

ic
ul

ty
 to

 s
ee

k 
sh

ad
e

4.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

f o
th

er
s 

ab
ou

t s
ee

ki
ng

 s
ha

de

3.
 S

oc
ia

l n
or

m
: o

pi
ni

on
 o

f p
ar

tn
er

 a
bo

ut
 s

ee
ki

ng
 s

ha
de

2.
 A

tti
tu

de
: p

le
as

an
tn

es
s 

of
 s

ee
ki

ng
 s

ha
de

1.
 A

tti
tu

de
: i

m
po

rta
nc

e 
of

 s
ee

ki
ng

 s
ha

de

−1
.0

−0
.5

0.
0

0.
5

1.
0

95
%

 C
Is

 o
f a

ss
oc

ia
tio

ns

M
ea

ns
 a

nd
 a

ss
oc

ia
tio

ns
 w

ith
 in

te
nt

io
n 

(R
² =

 [.
67

; .
75

]) 
&

 s
ee

ki
ng

 s
ha

de
 (R

² =
 [.

34
; .

46
]) 

in
 in

ci
de

nt
al

 s
itu

at
io

ns

S
ee

ki
ng

 s
ha

de
 

F
ig

ur
e 

1.
 C

on
fid

en
ce

 in
te

rv
al

–b
as

ed
 e

st
im

at
io

n 
of

 r
el

ev
an

ce
 (

C
IB

ER
) 

pl
ot

s 
fo

r,
 r

es
pe

ct
iv

el
y,

 s
am

pl
e 

m
ea

ns
 r

an
gi

ng
 fr

om
 r

ed
 (

lo
w

er
 e

nd
 o

f t
he

 s
ca

le
), 

vi
a 

bl
ue

 (
m

id
dl

e)
, t

o 
gr

ee
n 

(h
ig

he
r 

en
d 

of
 t

he
 s

ca
le

) 
an

d 
as

so
ci

at
io

ns
 o

f b
eh

av
io

r-
sp

ec
ifi

c 
de

te
rm

in
an

ts
 w

ith
 t

he
 in

te
nt

io
ns

 t
o 

pe
rf

or
m

 s
un

 p
ro

te
ct

io
n 

be
ha

vi
or

s 
(r

ed
 o

ut
lin

ed
) 

an
d 

ex
ec

ut
io

n 
of

 s
un

 
pr

ot
ec

tio
n 

be
ha

vi
or

s 
(b

lu
e 

ou
tli

ne
d)

 in
 p

la
nn

ed
 (

le
ft

) 
an

d 
in

ci
de

nt
al

 (
ri

gh
t)

 s
itu

at
io

ns
.



Thoonen et al. 399

Explained Variance Across All Behaviors

On average, the full set of sociocognitive determinants 
explained 19% to 41% of the variance in all sun protection 
behaviors in PS situations and 28% to 43% in IS situations, 
in which shade-seeking behavior demonstrated highest and 
supportive behavior demonstrated lowest explained variance. 
The average explained variance for intentions to perform sun 
protection behaviors ranged between 46% and 66% in PS, and 
58% and 73% in IS situations.

Discussion

This study provides detailed insight in relevant sociocognitive 
determinants for predicting parental sun protection behaviors 
in various sun exposure situations. Relevance of determinants 
was indicated by both room for improvement and their asso-
ciations with sun protection intentions and behaviors. Overall, 
associations between generic determinants and sun protection 
intentions and behaviors were low, whereas behavior-specific 
determinants were highly associated with these intentions 
and behaviors. Moreover, attitude, self-efficacy, and action 
planning were particularly relevant regarding shade-seek-
ing and clothing behaviors in both sun exposure situations. 
Additionally, determinants altogether showed greater rel-
evance for explaining sun protection intentions and behaviors 
in incidental rather than PS situations as well as for shade-
seeking and clothing behavior rather than for sunscreen use 
and indirect behavior.

Although the findings in this study clearly demonstrated the 
importance of behavior-specific determinants, current educa-
tional sun safety interventions predominantly target generic 
(e.g., knowledge and risk perception in general) instead of 
behavior-specific determinants, lacking evidence on long-term 
improved sun protection behaviors when directed at children 
(Bellamy, 2005; Buller & Borland, 1999; Saraiya et al., 2004) or 
at parents (Bellamy, 2005; Cercato et al., 2013; Rodrigue, 1996). 
Increasing knowledge and improving one’s health beliefs only is 
evidently not sufficient for establishing health behavior change 
(Glanz et al., 2015; Webb & Sheeran, 2006). With regard to 
skin cancer prevention specifically, skin cancer knowledge and 
awareness are not sufficient to establish sustainable sun protec-
tion behavior (Hart & DeMarco, 2008). Focusing on additional 
behavior-specific determinants in parental sun safety interven-
tions is therefore highly recommended.

When thoroughly examining the relevance of specific 
sociocognitive determinants, a few findings emerged. First, 
attitudes supportive of sun protection among parents seem 
important to include in interventions. Although in this study 
the room for improvement of attitude was lower than for other 
determinants, associations with all sun protection intentions 
and behaviors were strong. Parental attitudes are important in 
predicting various parent-for-child behaviors (Hamilton et al., 
2020) and appear to strongly influence children’s own attitudes 
with regard to sun protection (Stanton et al., 2004). Second, 
self-efficacy regarding execution of sun protection behaviors 

was found to be essential. The positive association between 
parental self-efficacy and sun protection toward their children 
has been demonstrated before (Hamilton et al., 2020; Tripp 
et al., 2013; Turner & Mermelstein, 2005). Besides, this study 
demonstrated the distinction between relevance of feelings of 
difficulty and ability. Notable room for improvement was espe-
cially shown regarding the experienced difficulty in performing 
sun protection behaviors. Investigating the reasons underlying 
of parental feelings of difficulty is essential for selecting spe-
cific behavior change methods for intervention development 
(Kok et al., 2016). Although the larger project in which this 
study was conducted indicated difficult situations to perform 
sun protection (e.g., when it is too hot to wear clothing or when 
a child rejects to wear sunglasses), strong conclusions cannot 
be drawn. Moreover, confusion concerning recommended sun-
screen application (Robinson et al., 2000) or ambiguity about 
achieving sufficient vitamin D (Littlewood & Greenfield, 
2018) could increase feelings of difficulty. Moreover, behav-
ior-specific determinants were more strongly associated with 
sun protection intentions than behaviors, implying the well-
documented intention–behavior gap (Sniehotta et al., 2005). 
The relevance of action planning for all sun protection behav-
iors reported in this study has been previously documented for 
parental sunscreen use (van Osch, Reubsaet, Lechner, & de 
Vries, 2008). After understanding the particular difficulties to 
perform sun protection behaviors more clearly, directions for 
formulating specific action and coping plans can be integrated 
in future interventions to increase the likelihood of behavior 
change (Bailey, 2019; Schwarzer, 2008).

This study also found negative associations between deter-
minants and intentions and behaviors. Parents reporting on 
their child having previously experienced sunburn appear to 
subsequently apply less sun protection behaviors than par-
ents whose child did not experience sunburn. Although the 
association between children’s previous sunburn and future 
sun protection behavior has not been thoroughly investigated 
(Champion & Skinner, 2008), studies found positive correla-
tions, indicating that sunburn functions as a motivating factor 
for sun protection behavior (Littlewood & Greenfield, 2018; 
Robinson et al., 2000). However, trends in sunburn occurrence 
remaining high over time have been reported (Dusza et al., 
2012; Ghiasvand et al., 2015). Since sunburn was assessed 
cumulatively in the current study, its negative association 
with sun protection behaviors could be caused by a behav-
ioral pattern of noncompliance among parents. Furthermore, 
a negative association between a tan-favoring attitude and 
sun protection behaviors was apparent. Since the latter is cor-
responding with results in previous parental-focused studies 
(Gefeller et al., 2014; O’Riordan et al., 2003), parental beliefs 
concerning a tan appearing healthy or pretty should be tar-
geted in interventions to enhance sun protection practices.

Overall, variance in sunscreen use was less explained by 
determinants than shade-seeking and clothing behaviors. 
Since a strong parental preference for applying sunscreen 
among their children is known (Stanton et al., 2004; Thoonen 
et al., 2019), this could imply that sunscreen use originates 
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by recitation and therefore becomes a habitual rather than 
reasoned or deliberately controlled behavior (Neal et al., 
2006). Since frequently performed behavior can increase 
skill acquisition and reduce the impact of sociocognitive 
determinants on intentions and behaviors (Aarts et al., 1998; 
Webb & Sheeran, 2006), behaviors can be triggered directly 
by certain cues in a situation in which the behavior was per-
formed in the past (Orbell & Verplanken, 2010). Moreover, 
parents explicitly mentioned origination of habitual use of sun 
protection measures in situations where the behaviors were 
firstly established, such as going to the beach (Hamilton et al., 
2016). This is also illustrated by the higher explained vari-
ance during IS situations in this study, indicating the more 
deliberately origination of sun protection behaviors in these 
situations. Understanding the role of automatic processes in 
sun protection behavior may therefore also need further atten-
tion in future research (Hamilton et al., 2017). However, other 
determinants, not assessed in this study, could be relevant in 
predicting sunscreen intentions and behaviors, such as time 
perspective (preference of short-term over long-term health 
behavior benefits; Schüz & Eid, 2013) and feelings of auton-
omy (Pavey & Sparks, 2010). Nevertheless, targeting socio-
cognitive determinants regarding shade-seeking and clothing 
intentions and behaviors in future sun safety interventions 
seems advantageous. Additionally, since the explained vari-
ance regarding indirect behaviors was the lowest across behav-
iors, and parental support and advice are essential in teaching 
children sun protection behaviors (Dixon et al., 1999; Stanton 
et al., 2004), an emphasis on indirect behaviors in parental sun 
safety interventions is recommended. Ideally, both children 
and their parents should be included in sun safety interven-
tions, since parental behaviors are closely related to children’s 
own sun protection practices (Dobbinson et al., 2012; Johnson 
et al., 2001; O’Riordan et al., 2003).

There are a few limitations in this study that are worth men-
tioning. First, only parental determinants and behaviors were 
assessed. Although the parental perspective is highly relevant 
in understanding parent-for-child behaviors (Hamilton et al., 
2020), children are increasingly able to perform health behav-
iors as they grow older (Thoonen et al., 2019) and are therefore 
important agents in sun safety interventions as well. Future 
studies could investigate children’s behavioral determinants 
influencing their own sun protection behaviors. Second, the 
current study relied on parental self-reports. Although pre-
vious studies reveal positive correlations between parental 
self-reported and objectified sun protection behaviors (Glanz 
et al., 2009; O’Riordan et al., 2008), future studies could con-
sider objective assessment of behaviors to enhance the valid-
ity of our findings. Last, the CIBER approach did not provide 
the opportunity to examine interactions between determinants 
and possible confounding factors. CIBER was however care-
fully selected since the advantages of combining both room 
for improvement and associated strengths of determinants 
provide interesting directions for future intervention devel-
opment. Moreover, we have presented the result stratified by 

educational level, parental and children’s sex, and children’s 
age at Open Science Framework (https://osf.io/vwr2g/).

To our knowledge, this study is the first to identify rel-
evance of an extensive set of sociocognitive determinants in 
predicting direct and indirect parental sun protection behav-
iors in different situations of sun exposure. The necessity of 
comprehensive sun safety interventions, targeting specific 
determinants and behaviors, is evident. In particular, a focus 
on self-efficacy in future interventions is strongly recom-
mended, using behavior change methods appropriate for 
this specific determinant (Kok et al., 2016). Enhancement of 
parental shade-seeking and clothing behaviors seems benefi-
cial since sociocognitive determinants illustrate a vital role 
in the prediction of these behaviors. Since this study demon-
strated strong associations between specific parental deter-
minants and their sun protection intentions and behaviors, 
composition of future sun safety interventions for children 
should strongly emphasize the parental role and influence 
within the family setting.
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