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Abstract

Valid and reliable psychosocial measures for par-
ents are lacking in the children’s sun protection
literature. We examined the construct validity
and reliability of measures of parents’
self-efficacy and perceived barriers specific to
four sun protection behaviors in children:
sunscreen, clothing, shade and limiting time
outdoors. Melanoma survivors (V=205) with
children aged 12 years and younger completed
an interview. Confirmatory factor analyses sup-
ported a four-factor structure of self-efficacy in
which each factor was specific to one of the sun
protection behaviors. This structure, consistent
with Bandura’s conceptualization, suggests
using behavior-specific scores. A bifactor model
best fit the perceived barriers data. Each item
loaded on both a general barriers factor and
one of four behavior-specific factors. Based on
the magnitude of general factor loadings relative
to behavior-specific factor loadings, use of sub-
scale scores or a total score is recommended.
Correlations between self-efficacy measures
(0.30-0.46) and between perceived barriers
measures (0.22—0.42) suggested convergent valid-
ity. Correlations between self-efficacy and
perceived barriers were strongest within behav-
ior (-0.34 to —0.63), suggesting discriminant
validity. Almost all measures were most strongly

associated with corresponding behaviors, sup-
porting construct validity. Reliabilities ranged
from 0.72 to 0.90. Measures are valid and reliable
for use in children’s sun protection studies.

Introduction

Excessive childhood sun exposure increases skin
cancer risk [1, 2]. Parents directly provide and re-
inforce children’s sun protection [3, 4]. Parents’ at-
titudes and beliefs have been associated with sun
protection in younger [5] and older [6] children.
The specific sun protection behaviors that are rec-
ommended are applying and reapplying sunscreen;
dressing in wide-brimmed hats and other protective
clothing; staying in the shade and limiting time out-
doors [3, 7]. These four distinct sun protection be-
haviors require different skills and steps.
A systematic review conducted by the Task Force
on Community Preventive Services (the Task Force)
showed that many studies tested sun protection
interventions for their effects on a composite behav-
ioral outcome, which is a combination of specific
sun protection behaviors [3]. Instead, the Task
Force recommends that researchers examine inter-
vention effects on each of the four specific sun
protection behaviors [3]. Parental psychosocial
determinants of children’s sun protection may be
behavior specific. Furthermore, parents’ psychoso-
cial constructs relevant to individual sun protection
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behaviors in children may mediate intervention
effects. This research depends on valid and reliable
measures of parents’ psychosocial constructs.

In this literature, validated psychosocial measures
for parents are generally lacking (M. Tripp et al., in
preparation). We examined the construct validity
and reliability of new measures of two of the most
frequently assessed sun protection psychosocial
constructs in parents, self-efficacy and perceived
barriers. Parents’ self-efficacy is positively asso-
ciated with children’s sun protection [5, 8, 9] and
mediates the association between parents’ perceived
barriers and children’s sun protection [5]. Bandura
conceptualized self-efficacy as behavior specific
[10]. In Social Cognitive Theory (SCT),
self-efficacy, or the belief that one can exercise
control over behavior and produce desired changes
by one’s actions, affects behavior both directly and
indirectly through other determinants including out-
come expectations, impediments and goals [10—12].
Parents’ perceived barriers is negatively associated
with children’s sun protection [5, 8]. Perceived
barriers originally was conceptualized in the
Health Belief Model as influencing the likelihood
of taking behavioral action [13]. Perceived barriers
refers to potential negative aspects of a particular
behavior that may act as impediments to undertak-
ing the behavior [13]. This conceptualization
suggests that perceived barriers may be behavior
specific. Perceived barriers are distinct from object-
ive social, environmental and economic barriers
[14].

Measure validity is of primary importance and
refers to the accuracy of a measure in assessing a
construct [15]. Reliability is of secondary import-
ance as a condition of validity [16]. Content validity,
or how well a measure represents the construct,
usually is determined through literature review and
expert judgment [15]. Because sun protection psy-
chosocial constructs cannot be observed directly,
a suitable gold standard is lacking, limiting assess-
ment of criterion validity [17]. Construct validity is
of paramount importance as the degree to which
empirical associations between measures of con-
structs are consistent with theory based or hypothe-
sized associations between constructs [15, 16].

This includes the extent to which measures of the
same construct are associated (convergent validity)
and measures of different constructs are not asso-
ciated (discriminant validity) [15]. Furthermore,
factorial validity is the degree to which a hypothe-
sized model of a measure’s underlying factor
structure fits the data. Factor analytic findings also
provide valuable information about measure dimen-
sionality to guide scoring, a practical concern for
researchers.

Current study

Theory-based associations between self-efficacy
and perceived barriers measures, and between
these measures and behavior, informed construct
validity. Additionally, alternative, plausible meas-
urement models based on theory and empirical find-
ings were tested and compared to assess factorial
validity and measure dimensionality. Reliability
also was determined.

It is a widespread practice in the children’s sun
protection literature to treat psychosocial measures
as unidimensional (as if they assess a single
construct), even when measures contain multiple
items assessing different sun protection behaviors
(M. Tripp et al., in preparation). Based on this em-
pirical literature, we conducted analyses to deter-
mine whether our self-efficacy and perceived
barriers measures were unidimensional, which
would support the use of a total score.

Alternatively, the theoretical bases of self-
efficacy and perceived barriers suggest that it is
reasonable to conceptualize their measures as multi-
dimensional and behavior specific. Thus, we tested
models that hypothesized a behavior-specific factor
structure underlying measures. If this multidimen-
sional model adequately fits the data, then
behavior-specific scores, not a total score, would
be warranted.

It may be expected that behavior-specific factors
would be highly correlated given that they are meas-
ures of the same construct (e.g. self-efficacy). We
tested a hierarchical model that allows for multidi-
mensionality while suggesting that a higher-level
construct explains why behavior-specific factors
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are correlated. Adequate fit of this empirically based
model suggests the use of total and behavior-specific
subscale scores.

It is not possible in the hierarchical model, how-
ever, to clearly determine the utility of subscales
(behavior-specific factors) because they are mod-
eled on a different conceptual level (i.e. first order)
than the higher-level construct (i.e. second order).
Whether a subscale is plausible, and subscale scores
are warranted, depends on the extent of information
provided by the subscale that is not already provided
by the general construct or factor (e.g. self-efficacy).
Controlling for the general factor, do items
associated with behavior-specific factors provide
enough information to justify subscale scores? To
answer this, we tested a bifactor model, which is
uncommon in the health behavior literature but has
been reported in other empirical literatures (e.g.
quality of life and psychopathology) to determine
measure dimensionality and subscale plausibility
[18-23].

Community-based studies and national surveys of
sun protection have collected data from parents
whose children vary widely in age [24-26], as in
this study. This practice underscores the need for
psychosocial measures that are valid and reliable
for use in these parents. Notably, we examined
measures in melanoma survivors. Their children
are at increased melanoma risk due to family history
[27]. Despite the increased risk of these children,
there have not been any studies of the validity and
reliability of psychosocial measures in parents who
are melanoma survivors.

Materials and methods

Data source

We identified 795 individuals diagnosed between
April 1999 and April 2005 with in situ, localized
or microscopic stage III melanoma from a
hospital-based cancer registry. We mailed an
informed consent/authorization statement and a
letter describing an interview study. This interview
study aimed to describe the prevalence and correl-
ates of sun protection in children of melanoma

survivors (M. Tripp et al., in preparation). Data
from this interview study were analysed for this
study.

Eligibility screening and informed consent for the
interview study were conducted by telephone.
Melanoma survivors were eligible if they had a
child aged 12 years or younger; were at least
18 years old; and were able to speak, read and
write English. All survivors meeting eligibility
requirements were recruited regardless of race,
ethnicity or gender. Of the 795 survivors, 456
(57%) completed eligibility screening. Remaining
survivors (n =339) were not interested (n=48) or
study personnel were not able to reach them
(n=291). Of the 456 survivors screened, 232
(51%) were eligible. Ineligible survivors (n=224)
did not have a child in the eligible age range. Of the
232 eligible survivors, 230 (99%) agreed to partici-
pate and 205 of these (89%) completed the
interview.

Telephone interviews were conducted from July
2005 to March 2006. If the survivor had more than
one child in the eligible age range, one child was
randomly selected as the referent for the interview.
All questions were directed to the survivor; the child
did not answer any questions. Self-efficacy and
perceived barriers measures were included within
the interview that assessed several sets of variables
relevant to children’s sun protection. Most inter-
views took 50-60 min to complete. Respondents
received a $20 gift card for participating. The
study was approved by the study institution’s
Institutional Review Board.

Measures

New measures assessed parents’ self-efficacy and
perceived barriers specific to four distinct sun pro-
tection behaviors for children (Table I). Measures
were developed based on our survey research in
preschool parents [9] and qualitative research in
melanoma survivors (M. Tripp et al., in prepar-
ation). Measures did not assess constructs in the con-
text of melanoma risk or diagnosis, making them
appropriate for parents with or without a melanoma
diagnosis.
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Table 1. Descriptive statistics for sun protection self-efficacy and perceived barriers items

Item label Item® M (SD) Skewness Kurtosis

Self-efficacy for protecting child with sunscreen (sunscreen self-efficacy)

30 min You can consistently put sunscreen on your child 3.65 (1.12)  —0.35% —0.78*
30 minutes before he/she goes outdoors.

Reapply sunscreen You can consistently reapply sunscreen to your child 3.88 (1.12) —0.63%** —0.57
after he/she has been outdoors two hours or less.

Exposed areas You can consistently put sunscreen on all exposed areas 4.33 (0.94)  —1.38%** 1.28%%%
on your child not covered by clothing.

Don’t have time You can put sunscreen on your child if you don’t have 4.07 (0.98) —(.84%%* —0.03
much time.

Self-efficacy for protecting child with hats and clothing (clothing self-efficacy)

Wear hat You can ensure that your child wears a wide-brimmed 2.17 (1.27) 0.817%** —0.49
hat while he/she is outdoors.

Wear clothing You can ensure that your child wears clothing that covers 328 (1.22)  —0.30 —0.91%*
most of his/her skin while he/she is outdoors.

Hot outside When it’s hot outside, you can ensure that your child is 2.78 (1.23) 0.13 —0.88%*%*
dressed so that most of his/her skin is covered.

Self-efficacy for protecting child with shade (shade self-efficacy)

Stay in shade You can convince your child to stay in shaded areas 3.12 (1.18)  —0.19 —0.74%
when he/she is outside.

Find shade You can create or find outdoor shaded areas for your 3.91 (1.05) —0.80%** —0.11
child.

Self-efficacy for limiting child’s time outdoors (limiting time self-efficacy)

Limit time You can limit the amount of time your child spends 4.02 (1.00) —0.65%** —0.72%*
outdoors during the hours of 10:00 a.m. to 4:00 p.m.

Child stay out You can limit the amount of time your child spends 4.03 (0.95)  —0.65%**  —0.42
outdoors during the hours of 10:00 a.m. to 4:00 p.m.
even if your child wants to stay out longer.

Others stay out You can limit the amount of time your child spends 3.60 (1.100  —0.31 —0.72%
outdoors during the hours of 10:00 a.m. to 4:00 p.m.
if others whom you are with are letting their children
stay out longer.

Perceived barriers to protecting child with sunscreen (sunscreen perceived barriers)

Too much time It takes too much time to apply sunscreen to all areas on 1.46 (0.84) 1.91%#%* 3.03 %%
my child not covered by clothing.

Forget to take I forget to take sunscreen on outdoor trips with my child. 1.50 (0.77) 1.71%%% 3.05%%%

Too expensive Sunscreen is too expensive to use routinely. 1.22 (0.65) 3.35%%* 11.74%%%

Perceived barriers to protecting child with hats and clothing (clothing perceived barriers)

Too hot It is too hot in the summer for my child to wear clothing 348 (1.29)  —0.51%* —0.87*
that covers most of his/her skin.

Clothing not fashionable = My child does not think it is fashionable to wear clothing 2.49 (1.51) 0.51%* —1.23%%*
that covers most of his/her skin.

Hats mess hair Hats mess up my child’s hair. 1.63 (1.11) 1.81%#%%* 2.28%##%

Hassle It is a hassle to make sure that my child wears a 2.95 (1.48) 0.03 —1.39%%*
wide-brimmed hat that shades the face, ears and neck.

Does not like hats My child does not like to wear wide-brimmed hats that 3.74 (1.38) —0.65%** —0.97%*
shade the face, ears and neck.

Hats not fashionable My child does not think it is fashionable to wear 3.15 (1.63) —0.13 —1.61%**

wide-brimmed hats that shade the face, ears and neck.

(continued)
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Table 1. Continued

Item label Item® M (SD) Skewness Kurtosis

Perceived barriers to protecting child with shade (shade perceived barriers)

Stay shade It’s difficult to convince my child to stay in the shade. 2.87 (1.21) 0.07 —0.85*

Trouble It’s too much trouble to create shaded areas outdoors for 1.97 (1.04) 0.971%#%* 0.09
my child using umbrellas and other coverings.

Hard to find It’s hard to find shaded outdoor play areas for my child. 2.56 (1.28) 0.33 —1.04%*

Does not like shade My child does not like to stay in the shade unless it is 2.76 (1.28) 0.14 —1.09%*
really hot outside.

Forget to create I forget to bring canopies or umbrellas to create shaded 246 (1.24) 0.50%* —0.62
areas when I go outside with my child.

Perceived barriers to limiting child’s time outdoors (limiting time perceived barriers)

Interrupt fun If T limit the time my child spends outside during the 242 (1.35) 0.46%* —1.03**
hours of 10:00 am. to 4:00 p.m., I will interrupt my
child’s fun.

Hard to schedule It’s hard to schedule outdoor activities for my child for 2.33 (1.24) 0.49%* —0.95%*
the morning or late afternoon.

Likes outside My child likes to be outside for long periods of time in 2.67 (1.30) 0.33 —1.02%*

the middle of the day.

“Each item was scored on a scale of 1-5. For self-efficacy items, higher scores reflected higher levels of self-efficacy. For perceived
barriers items, higher scores reflected higher levels of perceived barriers. *P < 0.05. **P < 0.01. ***P < 0.001.

Measures assessed parents’ self-efficacy for using
sunscreen on children (four items), dressing children
in hats and clothing that cover most of the body
(three items), protecting children with shade (two
items) and limiting children’s time outdoors
midday (three items). Self-efficacy items had
5-point response scales ranging from not confident
at all (1) to extremely confident (5). Items assessed
parents’ perceived barriers to using sunscreen on
children (three items), dressing children in hats
and clothing that cover most of the body (six
items), protecting children with shade (five items)
and limiting children’s time outdoors midday (three
items). Perceived barriers items had 5-point
response scales ranging from strongly disagree (1)
to strongly agree (5).

Behavioral measures of sunscreen (two items),
clothing (four items) and shade (one item) had
5-point response scales ranging from always (1) to
never (5). Sunscreen items assessed how often sun-
screen with an SPF of at least 15 is put on the child
30 min before going outdoors and reapplied within
2h. Clothing items assessed how often the child
wears a hat with a wide brim of 4 inches or more
to shade the face, ears and neck; a long-sleeved shirt;

shorts to the knees or longer or pants to the mid-calf;
and long pants to the shoe. The shade item asked
how often the child is in the shade. Item scores were
reverse-coded so that higher scores reflected more
frequent behavior. For the sunscreen and clothing
measures, item scores were averaged to form a
behavior-specific index. Time outdoors was mea-
sured by parental report of the number of hours
the child spent outdoors between 10:00a.m. and
4:00 p.m. on a typical weekend day.

Statistical analyses
Factorial validity

We conducted confirmatory factor analyses (CFA)
to test and compare alternative measurement models
of self-efficacy and perceived barriers. The
behavior-specific nature of these constructs and the
common empirical uses of their measures support
testing the same hypothesized factor structures for
both sets of measures. First, we hypothesized a
unidimensional, or one-factor model, in which all
items loaded on one factor (Fig. 1). This model
suggests that one common factor explains the
covariation between items and the use of a total
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Correlated, behavior-specific
One-factor model four-factor model

[ ]

Second-order model Bifactor model

|

Fig. 1. Graphical representations of hypothesized models. Rectangles represent observed variables (items) and ovals represent factors
(latent variables). Errors, disturbances and item labels have been omitted for clarity.
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score is justified. Second, we hypothesized a corre-
lated, four-factor model in which each factor was
specific to one of the four distinct sun protection
behaviors. This model of separate but correlated
dimensions suggests the use of behavior-specific
scores. Third, we hypothesized a second-order
model in which each of the four behavior-specific
measures was a first-order factor and a second-order
factor accounted for the correlations between the
four, first-order factors. Adequate fit of this hierarch-
ical model suggests the use of total and subscale
scores. Finally, we hypothesized a bifactor model
in which each item loaded on both a general factor
and one of four behavior-specific factors. Factors are
uncorrelated to enable us to determine whether a
behavior-specific factor contributes variance to the
item above and beyond the variance contributed by a
general factor that accounts for the covariation
between all items. Findings suggest the plausibility
of subscales and whether the measure may be scored
as unidimensional [22].

We analysed CFA models in Mplus version 4.1
[28] and fixed the variance of each latent variable to
one to scale the factors. Most univariate skewness
and about half of univariate kurtosis values were less
than |1.0] (Table I). Because items exhibited multi-
variate non-normality based on a significant
two-sided multivariate kurtosis test of fit and most
items displayed floor or ceiling effects, we treated
items as ordered, categorical. We ran models using
the Weighted Least Squares with Mean and
Variance Adjustment (WLSMYV) estimator which
is recommended for CFA procedures with ordered,
categorical data [28, 29]. Less than 1% of the data
were missing and data from all respondents were
included in analyses.

The chi-square goodness-of-fit test is a test of
overall model fit [30]. We also examined multiple
indices of model fit: the comparative fit index (CFI)
(values of at least 0.90 are considered to indicate
good model fit and higher values indicate better
fit) [31, 32]; the Tucker—Lewis index (TLI)
(higher values up to 1.0 indicate good fit) [30, 33];
the weighted root mean square residual (WRMR)
(values < 1.0 may indicate good model fit, with
smaller values indicating better model fit) [34];

and the root mean square error of approximation
(RMSEA) [35]. RMSEA values less than 0.08 indi-
cate adequate fit and values less than 0.05 indicate
good fit [36]. More stringent cutoff values for max-
imum likelihood-based indices have been suggested
(e.g. CFl and TLI close to 0.95 and RMSEA close to
0.06) [37]. It is challenging to decide upon cutoff
criteria because values of fit indices may depend on
the type of model under investigation [38] and
sample size [39]. We compared nested, competing
measurement models using chi-square difference
tests. For models estimated by WLSMV in Mplus,
only the P value is interpreted [28]. A non-
significant P value indicates that there is not a sig-
nificant difference in the overall fit of the models.

Convergent and discriminant validity

We computed scale scores for the self-efficacy and
perceived barriers measures and calculated Pearson
correlations between these measures. Convergent
validity was examined by assessing the extent to
which measures of the same construct were asso-
ciated. It was expected that the four self-efficacy
measures would be positively associated with each
other and the four perceived barriers measures
would be positively associated with each other.
A measure has discriminant validity if it is not asso-
ciated with measures of different constructs.
Self-efficacy and perceived barriers are different
constructs but it was expected based on SCT that
self-efficacy and perceived barriers measures would
be negatively associated [12]. Thus, weaker associ-
ations between different constructs, compared with
the same constructs, would provide evidence of dis-
criminant validity. Because psychosocial measures
were behavior specific, it was expected that negative
associations between self-efficacy and perceived
barriers measures would be strongest within each
sun protection behavior.

Construct validity would be further suggested
if behavior-specific psychosocial measures (e.g.
sunscreen self-efficacy) were associated with meas-
ures of the corresponding sun protection behavior
(e.g. sunscreen) and, to a lesser degree, with meas-
ures of other sun protection behaviors (e.g. clothing,
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shade and time outdoors). Self-efficacy would be
positively associated with sunscreen, clothing and
shade behaviors and negatively associated with
time outdoors [10]. Perceived barriers would be
negatively associated with sunscreen, clothing and
shade behaviors and positively associated with
time outdoors [13].

Reliability

We calculated Cronbach’s coefficient alpha [40], a
commonly reported estimate of internal consistency.
Alphas of 0.70 are reasonable for short measures
[16]. Coefficient alpha has limitations such as not
allowing for correlated errors of measurement [41]
and representing the lower bound of the reliability
estimate by assuming equal factor loadings [42].
Thus, we also estimated reliability using indicator
loadings and error variances from the measure’s
single-factor CFA model [43]. Reliability estimates
above 0.60 are recommended [44].

Results

Characteristics of melanoma survivors
and their children

Most (70%) of the respondents (melanoma sur-

vivors) were female. The mean age was 39 years.
Almost all (99%) identified themselves as White.

Relatively few (6%) self-reported their ethnicity as
Hispanic or Latino. Most survivors were graduates
of college or graduate school (78%), were married
(93%), had been diagnosed with one melanoma
(90%), were diagnosed with early-stage melanoma
(87%) and did not have a melanoma family history
in a first-degree relative (87%). The mean time since
diagnosis was 3.3 years. About half (47%) of the
children were female. Children ranged in age from
infant to 12 years. The mean age was 7 years.
Almost all survivors (98%) self-reported their
children’s race as White and 7% reported their chil-
dren’s ethnicity as Hispanic or Latino. Survivors had
moderate to high levels of self-efficacy for protect-
ing children with sunscreen and shade and limiting
their time outdoors. Survivors had less self-efficacy
for dressing children in protective clothing.
Survivors perceived low (sunscreen) to moderate
(clothing) levels of barriers to children’s sun
protection.

Factorial validity
Self-efficacy measurement models

The one-factor model provided a poor fit to the data
according to the chi-square test and fit indices
(Table II). Chi-square tests of the four-factor and
second-order models also were significant but
these models provided an adequate or good fit

Table II. Goodness-of-fit of confirmatory factor analytic models of sun protection self-efficacy and perceived barriers items

Model b df? P CFI TLI RMSEA WRMR
Self-efficacy
One-factor 286.37 22 0.0000 0.802 0.847 0.242 1.979
Four-factor 35.79 21 0.0231 0.989 0.991 0.059 0.617
Second-order 43.14 22 0.0045 0.984 0.988 0.068 0.697
Bifactor 48.55 20 0.0004 0.979 0.982 0.083 0.663
Perceived barriers
One-factor 307.99 44 0.0000 0.716 0.800 0.171 1.658
Four-factor 111.58 43 0.0000 0.932 0.956 0.080 0.895
Second-order 107.35 46 0.0000 0.934 0.956 0.081 0.926
Bifactor 88.02 42 0.0000 0.950 0.963 0.073 0.787

“In WLSMYV estimation, the df of the model are not estimated from the specification of the model but instead are estimated from the

data; thus, the df are sample dependent [28, 29].
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according to fit indices. The bifactor model did not
fit the data according to the chi-square test. This
model’s CFI, TLI and WRMR values suggested
good fit but the RMSEA was higher than
recommended.

By the chi-square difference test, the four-factor
model provided a significantly better fit to the data
than did the one-factor model (P =0.0000) or
second-order model (P=0.0142). The bifactor
model fit significantly better than did the one-factor
model (P =0.0000). The bifactor model was not
significantly different from the second-order model
(P=0.6561). The bifactor and four-factor models
could not be compared using the chi-square differ-
ence test because they were not nested. Indices
such as Akaike’s Information Criterion [45], recom-
mended to compare non-nested models, are not
available for WLSMV estimation [28]. However,
the chi-square test’s P value and values of fit
indices were more favorable for the four-factor
model, suggesting that this model provided the
best fit.

Overall, findings suggest that a behavior-specific
factor structure underlies the self-efficacy measures.
All indicators in the four-factor model were signifi-
cantly associated (P <0.001) with their hypothe-
sized factors and all but one had substantial
loadings, ranging from 0.67 to 0.94 (Fig. 2). “Wear
hat’ had a relatively low loading (0.56), suggesting
that it was the weakest indicator of the clothing-
specific factor. Correlations between self-efficacy
factors were significant (P < 0.001) and moderate,
ranging from 0.43 to 0.61.

Perceived barriers measurement models

The one-factor model was a poor fit (Table II). The
chi-square tests of the four-factor and second-order
models were significant but these models provided
an adequate or good fit to the data according to CFI
and TLI values. The RMSEA of the four-factor
model was at the recommended maximum for
adequate fit (0.080). The RMSEA of the
second-order model was a little higher (0.081).
The bifactor model did not fit well according to
the significant chi-square test but CFI, TLI and

WRMR values suggested good fit while the
RMSEA suggested adequate fit.

The four-factor model provided a significantly
better fit to the data than did the one-factor model
(P =0.0000). The four-factor and second-order
models were not significantly different in terms of
overall fit (P =0.0890). The bifactor model fit sig-
nificantly better than did the one-factor (P = 0.0000)
and second-order model (P = 0.0003). The bifactor
and four-factor models were not nested so could not
be compared statistically. However, the bifactor
model had more favorable fit indices, suggesting
that it provided better fit. Overall, findings suggested
that the bifactor model provided the best fit to
the data.

In the bifactor model, loadings for the general
perceived  barriers factor were significant
(P <0.001) and ranged from 0.33 to 0.67 (Fig. 3).
Except for ‘too hot,” all behavior-specific factor
loadings also were significant (P <0.05, 0.01 or
0.001), ranging from 0.25 to 0.87. The
non-significant loading of ‘too hot’ on the clothing
factor suggests that this factor did not contribute any
variance to this item beyond that contributed by the
general perceived barriers factor. Items that loaded
more strongly on their behavior-specific factors than
the general factor may assess constructs that are
highly distinct from the general factor. Less than
half of the items were more strongly associated
with the behavior-specific factor.

Convergent and discriminant validity

Positive correlations between self-efficacy measures
and positive correlations between perceived barriers
measures were significant and moderate, suggesting
convergent validity (Table III). Negative associ-
ations between self-efficacy and perceived barriers
measures were strongest within behavior, suggest-
ing discriminant validity. Seven of the measures
were most strongly associated with corresponding
behavior measures, providing additional evidence
of construct validity (Table IV). Self-efficacy and
perceived barriers measures either had no associ-
ation with measures of different behaviors, or were
associated to a lesser degree, with the exception of
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67 30 minutes
.80 | Reapply sunscreen
_ Sunscreen
Self-efficacy .84
Exposed areas
.76
Don’t have time
.61
.56 Wear hat
Clothing 83 Wear clothing
Self- '
efficacy 86 :
Hot outside
67 Stay in shade
Shade
Self-
efficacy 85 Find shade
.88 Limit time
Limiting .94 Child stay out
Time Self-
efficacy
.78
Others stay out

Fig. 2. Factor loadings and correlations in the correlated, behavior-specific four-factor model of self-efficacy measures. All indicators in
the four-factor model were significantly associated (P < 0.001) with their hypothesized factors. Correlations between the self-efficacy
factors were significant (P < 0.001).

limiting time self-efficacy which had a slightly and shade behaviors and negatively associated
stronger association with shade behavior than with with time outdoors. Perceived barriers measures
the number of hours spent outdoors midday. As were negatively associated with sunscreen, clothing
expected, self-efficacy measures were positively and shade measures, and positively associated with
associated with measures of sunscreen, clothing time outdoors.
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Too expensive | 3g
Too hot
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Clothing not
47_| fashionable [:52
Hats mess 33
Clothing 25 hair ;
Perceived
Barriers 48 Hassle A7
88 | Does not like |44
hats
.87
Hats not .48
fashionable
Stay shade |.49
Trouble .67
Shade Hard to find |5
Perceived
Barriers
Does not like |67
shade
.55,
Forget to
create
56
61y Interrupt fun
. . 4
imiting Time Hard to
Perceived schedule
Barriers .37

Likes outside

Fig. 3. Factor loadings for the perceived barriers items in the bifactor model. All loadings for the general barriers factor were significant

Perceived
Barriers

(P <0.001). Except for ‘too hot,” all behavior-specific factor loadings were significant (P < 0.05, 0.01 or 0.001).
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Table III. Descriptive statistics and intercorrelations between self-efficacy and perceived barriers scales

Scale® M (SD) o Reliability® 1 2 3 4 5 6 7

1. Sunscreen self-efficacy 3.98 (0.81) 0.78 0.85

2. Clothing self-efficacy 2.74 (0.99) 0.71 0.79 0.46%*

3. Shade self-efficacy 3.51 (0.96) 0.67 0.72 0.30%*%  (.43%*

4. Limiting time self-efficacy ~ 3.88 (0.89) 0.85 0.90 0.36%*  0.42%%  (0.43%*

5. Sunscreen perceived barriers 1.40 (0.57) 0.63 0.80 —0.34%*  —0.14*% —0.18%* —(0.24%*

6. Clothing perceived barriers  2.90 (0.95) 0.76 0.83 —0.22%%  —0.59%% —0.27%* —0.37%*% (0.28%*

7. Shade perceived barriers 2.53 (0.90) 0.80 0.85 —0.27%%  —0.32%*% —0.63%* —037%*% 0.40%*F 0.42%*

8. Limiting time perceived 2.48 (1.00) 0.66 0.73 —0.24%%  —0.24%*% —0.30%* —0.45%*% 0.22%*% 0.39%* (.40%*

barriers

o, Cronbach’s coefficient alpha. “Psychosocial items were scored on a scale of 1-5. Higher scores reflected higher levels of
self-efficacy and higher levels of perceived barriers. "Reliability was calculated based on indicator loadings and error variances
from the single-factor CFA model for the measure. *P < 0.05. **P < 0.01.

Table IV. Associations between self-efficacy and perceived barriers scales and sun protection behavior

Behavior

Scale® Sunscreen Clothing Shade Time outdoors
Sunscreen self-efficacy 0.30%* 0.17* 0.17%* —0.06
Clothing self-efficacy 0.16* 0.47%% 0.30%* —0.16*
Shade self-efficacy 0.25%%* 0.14%* 0.40%* —0.10
Limiting time self-efficacy 0.20%%* 0.12 0.25%* —0.24%*
Sunscreen perceived barriers —0.35%* 0.01 —0.13 0.07
Clothing perceived barriers —0.21%* —0.32%* —0.28** 0.19%%*
Shade perceived barriers —0.28%* —0.14* —0.47%* 0.12
Limiting time perceived barriers —0.08 —0.08 —0.21%* 0.35%%*

“Psychosocial items were scored on a scale of 1-5. Higher scores reflected higher levels of self-efficacy and higher levels of
perceived barriers. Sunscreen, clothing and shade behavior items also were scored on a scale of 1-5; higher scores reflected more
frequent behavior. Time outdoors measured the number of hours outdoors between the hours of 10:00 a.m. and 4:00 p.m. *P < 0.05.
#*P <0.01.

Reliability
All coefficient alphas exceeded 0.60; at least half

were >0.70 (Table III). CFA-based reliability esti-
mates ranged from 0.72 to 0.90, suggesting that

and reliable. There was support for a four-factor,
behavior-specific structure underlying the self-
efficacy measures, consistent with Bandura’s
conceptualization of self-efficacy. Thus, behavior-

measures were adequately reliable and coefficient
alpha underestimated reliability.

Discussion

CFA results suggested that these measures of par-
ents’ self-efficacy and perceived barriers are valid

specific scores would be warranted. A bifactor
model provided the best fit to the perceived barriers
data. In this model, more than half of the perceived
barriers items were more strongly associated with
the general factor, which would support the use of
a total scale score. However, for a few of these
items, the general factor loadings were only slightly
larger in magnitude than the behavior-specific factor
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loadings. Thus, we recommend computing
behavior-specific subscale scores or a total scale
score. Subscale scores may be more helpful when
tailoring interventions to increase specific sun pro-
tection behaviors while a total scale score may
be advised when examining perceived barriers as a
determinant of a composite measure of sun protec-
tion behavior. The pattern and magnitude of associ-
ations between the behavior-specific self-efficacy
and perceived barriers measures, and between
these measures and children’s sun protection
behaviors, further provided strong evidence of the
construct validity of these theory-based measures
for parents.

Some items assessed self-efficacy at different
levels of challenge or barriers to performance, as
recommended by Bandura [10]. Writing all items
in this way may more adequately assess self-
efficacy. For example, clothing self-efficacy items
could be written to include barriers such as comfort
and convenience. Future research is needed to de-
termine whether it is informative to assess perceived
barriers separately when they are captured within
self-efficacy measures.

Limiting time self-efficacy was significantly
associated with the number of hours outdoors (the
measure of limiting time behavior), as expected,
but this self-efficacy measure had a slightly stronger
association with shade behavior. Because self-
efficacy items had behavior-specific wording, a
stronger association between limiting time
self-efficacy and the corresponding behavior may
be achieved by assessing limiting time behavior
explicitly (e.g. ‘How often do you limit your
child’s time outdoors?’). The limiting time
self-efficacy measure may be enhanced by adding
items to assess self-efficacy regarding scheduling.

The perceived barriers measures may be multidi-
mensional due to item content. This is reasonable
considering the potentially different barriers to
specific sun protection behaviors. In the perceived
barriers bifactor model, behavior-specific factors
contributed  substantial independent variance,
beyond that accounted for by the general factor, to
less than half of the items. Items that had higher
loadings on their behavior-specific factors may

provide a starting point for further development
of behavior-specific measures. “Too hot’ was the
only item with a non-significant loading on the
behavior-specific factor. The content of this item is
relevant, so removal is not advised. Unlike other
items, ‘too hot’ referred to summer. Removing
that reference would eliminate distinctive wording
and focus content on heat as a barrier. Adding items
to assess perceived clothing barriers related to other
practical considerations (e.g., comfort, convenience
and outdoor activity) may enhance this measure.
In structural equation models, general and
behavior-specific factors, each controlling for the
variance due to the other, may make independent
contributions to external variables such as children’s
sun protection.

There may be plausible models that were not
examined. However, the adequately fitting models
appear to reasonably describe the data given fit
indices and model justification. The chi-square test
of exact model fit was significant for each model
tested. Given the relatively small sample size, this
significance cannot be dismissed. Models based on
behavioral science theory typically provide an
approximate explanation of associations between
variables. Measure refinement and examination of
additional models may further inform factor struc-
tures underlying these measures. Future research to
replicate findings is warranted, particularly for the
bifactor model which is understudied.

This study was conducted in a unique population,
melanoma survivors, and results may not generalize
to a population of parents who have not had melan-
oma. Because of their experiences with melanoma,
or their awareness of their children’s increased risk,
parents who have had melanoma may be more likely
to respond in a socially desirable way. Furthermore,
they may have more positive responses given their
potential for more experience with sun protection.
Further study is needed to determine whether meas-
ures may be enhanced by including items grounded
in survivors’ melanoma experiences. Additionally,
these measures should be examined in parents who
have not had melanoma, to determine whether factor
structures in this study adequately fit the data in
these parents.
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Melanoma incidence is highest in Whites as re-
flected by the hospital-based registry sample. Most
respondents had high levels of education, which is
consistent with studies that have shown that socio-
economic characteristics, particularly higher levels
of education, are associated with increased melan-
oma incidence [46]. We were unable to compare
respondents with non-respondents on demographic
or disease-related variables. The patient registry did
not maintain records on whether patients had
children in the eligible age range. Because of the
relatively small sample size, it was not possible to
examine factorial invariance pertaining to demo-
graphic, disease-related or other variables that may
affect item interpretation. Future studies in diverse
samples would present an opportunity to determine
whether measurement models are invariant across
racial and ethnic groups and education levels.

This study makes a significant contribution to the
skin cancer prevention literature, which contains
few detailed assessments of the validity and reliabil-
ity of psychosocial measures. We present evidence
of the construct validity and reliability of measures
of parents’ self-efficacy and perceived barriers re-
garding children’s sun protection. Our study of
behavior-specific psychosocial measures, particu-
larly in an understudied population of melanoma
survivors, is novel. Study findings have implications
for the conceptualization and assessment of parents’
self-efficacy and perceived barriers.
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