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Abstract 

Objective: Sun safety is crucial for preventing skin cancer. This study evaluated a school-based 

intervention based on the Theory of Planned Behaviour (TPB) which aimed to encourage sun-

protective behaviour among adolescents.  

Methods: Secondary school students (N=382; 61.1% female; Mage=13.73 years) in Queensland, 

Australia participated in the study. Schools were randomly allocated to an intervention or control 

group. The intervention focussed on fostering positive attitudes, increasing perceptions of 

normative support, and strengthening control perceptions. Participants completed questionnaires 

assessing the TPB variables and sun-protective behaviour (weekday and weekend) 1 week pre-

intervention (Time 1), 1 week post-intervention (Time 2), and 4 weeks post-intervention (Time 3).  

Results: With baseline between-group differences in TPB variables matched, repeated-measures 

multivariate analysis of variance was used to evaluate the Time  Condition effects across time. 

Multi-group comparisons using path models traced the intra-variable changes. From Time 1 to 

Time 3, a significant improvement in weekend sun-protective behaviour was identified in the 

intervention group (but not the control group), whereas cognitions showed no significant changes 

cross time for either conditions. Multi-group comparisons on path coefficients between the 

intervention and control group participants indicated that the intervention group members formed 

stronger positive associations between perceived behavioural control and intention at Time 2 and 

between perceived control and behaviour at Time 3.  

Conclusion: The significant behavioural change on weekends highlights the value of targeting 

control perceptions which may encourage adolescents’ sun-protective behaviour. Further studies 

are needed to understand the absence of significant changes in weekday sun-safe behaviour among 

this at-risk cohort. 

Keywords: adolescents; Australia; cancer; intervention; oncology; perceived behavioural control; 

Queensland; school-based; Sun safety; theory of planned behaviour. 
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Introduction 

Australia’s skin cancer incidence rates are among the highest in the world (1). Although skin 

cancers are largely preventable, the prevalence of sun-protective measures among Australians is 

low, especially among adolescents (2). School settings offer a viable context for program delivery 

and, given the lower sun protection policy enforcement in secondary schools compared to primary 

schools (3), attention to promoting sun-safe practices in secondary schools is warranted. 

The Theory of Planned Behaviour (TPB; 4) is a robust model for explaining sun-protective 

behaviour (5). According to the TPB, behaviour is influenced by intention and perceived 

behavioural control (PBC; controllability over the action); intention is determined by attitude 

(positive/negative evaluations), subjective norm (social approval/disapproval), and PBC. 

Moreover, behavioural beliefs (advantages/disadvantages of performing a behaviour), normative 

beliefs (specific referents who approve/disapprove of a behaviour), and control beliefs 

(barriers/facilitators of performing a behaviour) underlie attitude, subjective norm, and PBC, 

respectively. Previous TPB studies investigating young Australians’ sun-safe decision making 

provide useful guidance for intervention development. Specifically, underlying beliefs were found 

as strong influences for young Australians’ sun-protective behaviour (6, 7). Specifically, a study 

among young people (Mage=14.6 years) found significant differences in normative beliefs and 

control beliefs (especially facilitators) between sun-protectors and non-sun-protectors, suggesting 

that young people who engage in more sun-safe behaviour perceive greater approval from 

referents and are more likely to believe that helpful factors (e.g., user-friendly sunscreen) will 

facilitate their sun-safe actions (7). In a pilot TPB-based intervention among teenagers, 

intervention participants reported stronger control (motivator) and normative beliefs towards sun 

safety compared to the control group members, associated with enhanced sun-safe actions (8).  

This article evaluates a school-based intervention aiming to improve sun-protective behaviour in 

adolescents (9). Based on a previous pilot work (8), it was hypothesised that intervention group 

participants would exhibit more sun-protective cognitions (intention, attitude, subjective norm, 

PBC) and actions (both weekday and weekend sun-safe behaviour) than control group 

participants. As Ajzen (10) states, the TPB is useful for understanding the process of behavioural 
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change; thus, we expected the intervention would enhance the relations between sun-protective 

behaviour and its antecedent constructs. 

Methods 

Participants 

Eligibility criteria included male and female students aged 12 to 17 years from public and private 

secondary schools across metropolitan and regional areas of Queensland, Australia. Nine 

secondary schools in metropolitan and regional areas of Queensland, Australia were recruited via 

maximum variation sampling (i.e. a sampling approach ensuring participating schools ranged in 

social-demographic status and geographical location). Intervention schools included two private 

and two public schools while control schools included one public and four private schools. Both 

control and intervention schools comprised a mixture of locations in urban, coastal, and regional 

areas. As shown in Table 1, baseline participants were students (N=382; 61.1% female) aged 12-17 

years (M=13.73 years), achieving the sample size as per power analysis (i.e., approximately 130 

participants in each group) (9). 

Design and Procedure 

This intervention was registered with the Australian New Zealand Clinical Trials Registry 

(ACTRN12611001160921). Ethics approval was received from the Queensland University of 

Technology Human Research Ethics Committee (approval number: 1100000768). All participants 

and their parents/legal guardians provided written informed consent. Schools were randomly 

allocated to intervention or control conditions through a computer-generated random number 

sequence in a 1:1 ratio. Baseline data (Time 1) were collected via hardcopy questionnaires 

assessing TPB-based constructs. To assist in allocation concealment, the researcher who was in 

charge of school recruitment was separate from the researcher who randomised allocation. 

The intervention commenced 1 week after the baseline assessment and was delivered by trained 

facilitators (i.e., researchers and research assistants trained in psychology) in three weekly 1-hour 

sessions (8, 9), with each session containing an ice-breaker activity, main activity, summary of 

important “take home” points, and student feedback. Students were provided with a handbook and 
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feedback forms in each session. Following the established Taxonomy of behavioural change 

techniques (11), relevant techniques used in this intervention have been provided in Supplemental 

Table 2.  

Session 1 aimed to encourage sun protection-related attitudes and beliefs with discussion points 

centred around underlying beliefs about the long and short-term effects of sun exposure and the 

advantages/disadvantages of using sun protection (e.g., reducing the risk of sun cancer, not 

looking as fashionable without a tan). Session 2 aimed to foster perceptions of normative support 

for sun protection with discussion points focused on beliefs about others’ approval (especially 

friends) of their sun-safe behaviour including whether friends should try to influence each other’s 

sun-safe behaviour. The session incorporated strategies to negotiate one’s own sun-protection 

decisions especially if others disapprove/disagree. Session 3 aimed to increase perceptions of 

control/self-efficacy over using sun-protective measures with discussion points including 

consideration of what factors students have control over to be sun safe, their “SunSmart” goals, 

and the barriers that might prevent them from achieving these goals (e.g., forgetfulness). The 

session concluded by encouraging confident sun-safe “champions” among the students by 

designing sun protection messages to communicate to others. The types of activities included in 

the intervention were group-based discussions, role playing, and goal-setting. Control schools 

were offered access to the intervention at the completion of the study. The authors generated the 

random allocation sequence, recruited the schools, and assigned the schools to the intervention 

conditions (see Figure 1). Follow-up questionnaires were administrated 1 week (Time 2) and 4 

weeks (Time 3) post-intervention. Participant numbers at each of the three times were 382 (control 

group=183; intervention group=199), 293 (control group=135; intervention group=158), and 308 

(control group=158; intervention group=150), respectively. Attrition analyses suggested that the 

cases remaining in the final analyses (n=213) showed no significant difference from cases 

excluded (n=169) in both school-day (F(1,377)=.02, p=.880) and weekend sun-safe behaviour 

(F(1,377)=.29, p=.588). Differences between drop-outs and completers were not found for the 

TPB variables (intention, F(1,375)=2.48, p=.116; attitude, F(1,374)=1.08, p=.300; subjective 

norm, F(1,371)=.47, p=.493; PBC, F(1,379)=.44, p=.507). However, although age showed no 

difference between drop-outs and completers (F(1,378)=2.82, p=.094), more female participants 
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completed the intervention than males (χ2(1)=20.36, p<.000). Listwise deletion was used in the 

multivariate analysis.  

Measures 

Based on the guidelines of the TPB (4, 12) as well as items used in a pilot study (8), the 

questionnaire was developed specifically for the trial evaluation. Outcome variables included sun-

safe behaviour, intention, attitude, subjective norm, PBC (see Supplemental Table 1). To adjust for 

the potential vulnerability of sun-protective behaviour, skin colour, hair colour, and eye colour 

were used as control variables (see Table 1 for variable categories). Demographic variables 

included age and sex. To limit the potential confounding due to variations in weather, the surveys 

of both control and intervention arms were conducted at generally similar time points, although 

not on identical days. 

Results 

Baseline status and adjustments 

Baseline data were first examined. No statistical between-group differences were identified in 

control variables (i.e., skin colour, hair colour, eye colour) but two demographic variables were 

found to significantly differ between the groups: the age distributions in both groups were 

different (F(1,378)=160.93, p<.001) with participants in the intervention condition slightly older, 

and more female participants in the control group (χ2(1)=7.15, p=.007). Among the outcome 

variables (see Table 1), subjective norm (F(1,371)=7.18, p=.008) and PBC (F(1,379)=17.40, 

p<.001) were found to be significantly higher in the intervention group. To balance these baseline 

differences, a kernel logistic function based on all outcome variables was performed to generate 

propensity scores matching the baseline differences between groups (13). Adjusted with 

propensity scores weights, differences in outcomes variables were examined again and subsequent 

ANOVAs showed no significant differences between groups. 

Time by condition effect 

To evaluate the effectiveness of the intervention, with baseline propensities between conditions 

adjusted, a 2 (intervention and control)  3 (data collection waves) repeated measures MANOVA 
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was performed on the outcome variables of weekday and weekend sun-safe behaviour, intention, 

attitude, subjective norm, PBC, and intention (for descriptive statistics, see Table 2). Assumption 

tests were conducted before the MANOVA: Box’s M test suggested homogeneity of the variance–

covariance (Box’s M=205.78, p=.177); although Mardia’s tests indicated that the assumption of 

multivariate normality was not met, visual inspections on Q-Q plots and values of univariate 

skewness and kurtosis suggested that normality was acceptable. The multivariate Time  

Condition effect was non-significant, F(12,207)=.81, p=.639, partial 𝜂𝑝
2=.05. The only significant 

Time  Condition effect was on weekend sun-safe behaviour, F(1.91,414.66)=3.22, p=.043, 

𝜂𝑝
2=.02, indicating differences between time points. As shown in Table 2, weekend sun-safe 

behaviour showed distinct patterns in the two conditions across time: whereas a continuous 

increase was evidenced in the intervention group over time, the control group showed a decrease 

from Time 1 to Time 2 with the average returning to baseline levels at Time 3. Pairwise 

comparisons revealed that scores at Time 2 in both conditions demonstrated non-significant 

changes from baseline; however, there were statistically significant increases from Time 2 to Time 

3 in both the intervention group (t(101)=-2.09, p=.039) and control group (t(117)=-2.23, p=.028). 

Compared to baseline, scores at Time 3 showed a significant increase in the intervention group 

(t(101)=-3.11, p=.002) but no statistically significant changes in the control group(t(117)=-.38, 

p=.702). 

Multi-group path analysis at three time points 

To further understand the above changes in weekend sun-safe behaviour across time, multi-group 

path analysis was utilised following the TPB framework (14). These analyses were conducted to 

compare intervention and control groups at the three different time points. Unadjusted data were 

used in this stage as the actual group invariance of parameters is of interest. As fit indices show in 

the Figure 2, the path models examining both intervention and control groups at the three times 

showed good fit. There was a significant difference in the intention-behaviour link at baseline 

(χ2(1)=5.30, p=.021), showing that, although both strongly associated, as opposed to their 

counterparts in the control group, participants in the intervention were more likely to perform sun-

safe behaviour if they held a strong intention to perform them. This group difference, however, did 
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not exist in the following two waves. Notably, the PBC-intention link and PBC-behaviour link 

showed different patterns in the two groups. Whereas these links were constantly non-significant 

in the control group, significant PBC-intention links and PBC-behaviour links were observed at 

post-intervention (Time 2) and follow-up (Time 3) stages, respectively, in the intervention group. 

Wald tests also indicated that the coefficients for the PBC-intention link (Time 2) and the PBC-

behaviour link (Time 3) were significantly different between groups. At Time 2, the association 

between PBC and intention in the intervention group was almost 5 times larger than that in the 

control group, χ2(1)=4.11, p=.043. At Time 3, while the PBC-behaviour link was positive and 

significant in the intervention group, the corresponding link in the control group showed a 

negative and non-significant trend; coefficients for this link showed a significant difference 

between the two conditions, χ2(1)=9.26, p=.002. 

Discussion 

This intervention showed a positive change for adolescents’ sun-protective behaviour during 

weekends, although significant effects were not detected for weekdays or on other TPB constructs. 

Examining the changes following the TPB framework, we found that the intervention established 

significant and positive associations between PBC and intention/behaviour which differed from 

the control group. Although the magnitude of PBC itself was not altered in the intervention group, 

the PBC-intention/behaviour link may explain the successful changes in weekend sun-safe 

behaviour. 

Current findings indicate that the PBC-intention/behaviour link should be a focus in future sun-

safe program developments. Previous research has shown that, compared to non-student samples, 

student samples tend to have inaccurate control perceptions (15), including for sun-protective 

behaviour (5). The outcomes of this intervention showed that, by reinforcing the link between 

PBC and intention/behaviour via strengthening students’ accurate control perceptions, the target 

behaviour can be altered. Furthermore, it is suggested that, for TPB-based interventions, it may be 

better to focus on the intra-construct relationships which indicate the changes in outcome 

variables. Given the absence of a significant change for weekday behaviour, future research is 

needed to probe the differences between sun-safe behaviour on weekends and weekdays. 
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Variability in adolescents’ adherence to sun-safe measures on school days may be affected by the 

level of vigilance of school staff in monitoring sun-protective compliance (16) and the shift in 

agency for adolescents’ decisions outside of school to the influence of the individual, their 

families and friends. 

Conclusion 

Despite the absence of strong findings in support of changes for the constructs of the TPB, the 

intervention outcomes highlight the potential value of targeting control perceptions in efforts to 

encourage adolescents’ sun-protective behaviour on weekends. Future research should focus on 

facilitating similar changes for weekday sun-safe behaviours among adolescents.  

Study Limitations 

Study limitations include self-reported behaviour that may not objectively represent participants’ 

actual sun-safe behaviour and intervention development and evaluation that were underpinned by 

the TPB that may have overlooked factors beyond this framework contributing to adolescents’ 

sun-protective decisions. To increase generalizability of the study results, future tests of the 

intervention should assess its utility in more remote locations given the absence of coverage of 

these communities in the present research. Our imbalanced school type in each condition (i.e., 

more private schools in the control condition) may have confounded the results. Although 

propensity score matching was utilised, programmes balanced for school type are needed to adjust 

for other school-related environmental factors (e.g., teacher supervision/vigilance for sun-

protection). Furthermore, given more female participants remained in the trial, future interventions 

with more gender-balanced designs are needed to minimise any gender effects. The questionnaires 

for both the control and intervention arms were delivered, in general, at similar time periods but 

not necessarily on the same day; thus, confounders of sun-protection behaviours (e.g., weather, 

UV index) may have affected the results. Our approach to allocation concealment ensured 

different researchers involved in school recruitment as opposed to allocation. However, given the 

study information provided for participants and their parents/legal guardians differed between 

conditions, participants would have known their allocation prior to the intervention. Future 

investigations should consider suitable methods to assist in allocation concealment within school 
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contexts. 

Clinical Implications 

This study clearly represents the inter-variable patterns in the intervention and control groups, 

highlighting the importance of PBC for promoting students’ sun-safe behaviour. Consistent with 

literature, the link between PBC and sun-safe intention/behaviour is weak among student samples, 

suggesting that future health promotion programmes can target this link by increasing participants’ 

self-efficacy. 
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Table 1 

Baseline Variables (Time 1) in the Control and Intervention Groups (n= 382). 

Variables 
Control 

(n=183) 

Intervention 

(n=199) 

Mean age (years) 13.13 14.32 

Female 67.8% 54.3% 

Natural skin colour 

Very fair 

Fair 

Olive or brown 

Asian 

Black 

 

11.1% 

48.9% 

33.9% 

5.6% 

.6% 

 

10.2% 

48.7% 

38.6% 

2.5% 

0% 

Natural hair colour 

Black 

Dark brown 

Light brown 

Dark blonde 

Light blonde 

Red 

 

6.3% 

31.8% 

23.9% 

20.5% 

13.1% 

4.5% 

 

2.6% 

35.7% 

26.0% 

21.9% 

10.7% 

3.1% 

Eye colour 

Dark brown 

Light brown 

Green 

Blue 

 

27.4% 

9.5% 

23.5% 

39.7% 

 

22.0% 

10.5% 

23.0% 

44.5% 

Outcome variables M SD M SD 

School-day sun-safe behaviour 
3.08 1.76 2.81 1.68 

Weekend sun-safe behaviour 
3.23 1.88 3.30 1.85 

Intention 
4.63 1.49 4.89 1.17 

Attitude 
4.82 1.02 4.77 0.92 

Subjective norm 
5.25 1.37 5.58 1.03 

Perceived behavioural control 
5.36 1.01 5.76 0.85 
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Table 2 

Propensity Score Weighted Changes of Outcome Variables across Time in the Control (N=110) 

and Intervention (N=103) Groups 

Outcome variable Group 

Time 1 Time 2 Time 3 

M SD M SD M SD 

School-day sun-safe behaviour 

Control 2.91 1.63 3.29 1.56 3.40 1.68 

Intervention 2.75 1.80 3.23 1.82 3.19 1.63 

Weekend sun-safe behaviour 

Control 3.32 1.89 3.04 1.66 3.37 1.88 

Intervention 3.19 1.92 3.42 1.83 3.75 1.76 

Intention 

Control 4.99 1.31 4.59 1.31 4.71 1.32 

Intervention 4.90 1.16 4.64 1.29 4.74 1.25 

Attitude 

Control 4.92 0.97 4.91 1.06 4.89 0.99 

Intervention 4.70 0.91 4.65 0.86 4.81 0.90 

Subjective norm 

Control 5.58 1.16 5.25 1.34 5.25 1.25 

Intervention 5.60 1.00 5.37 1.19 5.34 1.09 

Perceived behavioural control 

Control 5.75 0.72 5.42 1.00 5.33 1.15 

Intervention 5.79 0.79 5.53 1.07 5.48 1.04 
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Figure 1. Flow Diagram 
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Figure 2 

Multi-Group Comparisons Using Path Modelling in the TPB Framework (n=213). 

Notes. SN=Subjective norm. PBC= perceived behavioural control. *p<.05, **p<.01, ***p<.001. 

Dashed lines and solid lines demonstrate non-significant and significant path coefficients, 

respectively. Coefficients shown in underlined bold and italic font mean the path parameters 

between the control and intervention groups had significant differences (i.e., p<.05 in Wald tests). 
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Supplemental Table 1. 

Measures of the Study’s Outcome Variables 

Variable Item Scale Reliability† 

Sun-safe behaviour Think about the past week. On average how often did you perform sun-protective behaviour on a school 

day/the weekend? 

[1] never to [7] always - 

Intention For performing sun-protective behaviour every time you go out in the sun for more than 10 minutes in the 

next week, do you agree that... 

I am willing to perform sun-protective behaviours. 

I intend to perform sun-protective behaviours. 

I plan to perform sun-protective behaviours. 

It is likely that I will perform sun-protective behaviours. 

[1] strongly disagree to [7] 

strongly agree 

α1=.92 

α2=.92 

α3=.93 

Attitude Performing sun-protective behaviours every time I go in the sun for more than 10 minutes during the next 

week, would be… 

[1] pleasant to [7] unpleasant 

[1] good to [7] bad 

[1] wise to [7] unwise 

[1] difficult to [7] easy 

[1] nice to [7] awful 

[1] negative to [7] positive 

α1=.71 

α2=.74 

α3=.78 

Subjective norm For performing sun-protective behaviour every time you go out in the sun for more than 10 minutes in the 

next week, do you agree that... 

Those people who are important to me would want me to perform sun-protective behaviours 

Most people who are important to me would approve of me performing sun-protective behaviours 

[1] strongly disagree to [7] 

strongly agree 

ρ1=.50*** 

ρ2=.68*** 

ρ3=.62*** 

Perceived Behavioural 

Control 

For performing sun-protective behaviour every time you go out in the sun for more than 10 minutes in the 

next week, do you agree that... 

I have complete control over whether I perform sun-protective behaviours 

[1] strongly disagree to [7] 

strongly agree 

α1=.67 

α2=.78 

α3=.83 
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It is mostly up to me whether I perform sun-protective behaviours 

If I wanted to it would be easy for me to perform sun-protective behaviours 

I am confident that I could perform sun-protective behaviours 

Notes. Some attitude items were reverse coded so that higher scores reflected more positive attitudes towards sun-protective behaviours. †For internal reliabilities, 

both Cronbach’s α (noted as α in the table) and Spearman’s correlation (noted as ρ in the table) were used. The subscripts denote the time point. ***p<.001. 
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Supplemental Table 2 

Behavioural Change Techniques (BCT) Taxonomy: “You can still be HOT in the shade” 

No. Activity name Activity Description  BCT number and 

descriptiona 

Session 1 Thinking about sun protection: Beliefs and attitudes 

1 Getting started  

(Find a person) 

Icebreaker: Find different people in the group who meet criteria such 

as “speaks more than one language”, “has a pet” etc. 

- 

2 Hot relay race Group-based brainstorming of things associated with being “Being 

SunSmart” 

5.1 Information about 

health consequences 

5.3 Information about 

social and environmental 

consequences 

5.6 Information about 

emotional consequences 

3 Sun protective 

brainstorm 

Group-based analysis of advantages and disadvantages of 

performing sun protective behaviours 

9.2 Pros and cons 

5.1 Information about 

health consequences 

5.3 Information about 

social and 

environmental 

consequences 

5.6 Information about 

emotional consequences 

Session 2 What you do for friends: Social support 

1 Hat toss: What 

are friends 

good for? 

Group-based activity to generate ideas of how friends can be 

helpful, including in relation to sun protection 

3.1 Social support 

(unspecified) 

2 60 Minutes: A 

sunburnt 

country 

Analysis of a TV show segment highlighting the death of a young 

person from melanoma, including footage of the person’s friends 

5.1 Information about 

health consequences 

6.3 Information about 

others’ approval 

3 HOT talking Group role-playing to persuade friends to engage in sun protection 

in different scenarios 

6.1 Demonstration of the 

behaviour 

Session 3 Control and goals 

1 What can we 

control? 

Ordering different behaviours (including sun protection examples) 

based on the amount of control we have over performing them; 

Encouraging confident sun-safe “champions” among the students by 

designing sun protection messages to communicate to others 

15.1 Verbal persuasion 

about capability 

2 What are your 

SunSmart 

goals? 

Individual goal-setting task with detailed planning for sun protection 

including problem solving of barriers, analysing advantages and 

disadvantages of possible solutions to barriers, making a contract, 

identifying a reward and arranging for a friend as a signed witness to 

the contract 

1.1 Goal setting 

(behaviour) 

1.2. Problem solving 

1.4. Action planning 

1.8. Behavioural contract 

1.9. Commitment 

3.1 Social support 

(unspecified) 

10.7 Self-incentive 

3 Sending the 

message 

Group-based analysis of Cancer organisation promotion materials 

and group-based design of sun protection campaign for peers 

9.1 Credible source 

Notes. aFor more detail on BCT numbers and descriptions, see (11). 

 


