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Objectives. Physical activity declines during adolescence. The Theory of Planned

Behaviour (TPB) is a useful framework for investigating activity but leaves variance

unexplained. We explored the utility of a dual-process approach using the TPB and the

PrototypeWillingness Model (PWM) to investigate correlates of physical activity, and 1-

year change in physical activity, among a large sample of adolescents.

Design. A cross-sectional and longitudinal analysis of baseline and follow-up data from

the Fit to Study cluster-randomized trial.

Methods. A total of 9,699 secondary school pupils at baseline and 4,632 at follow-up

(mean age = 12.5 years) completed measures of past week physical activity and

constructs from both behaviour-change models, at time-points 1 year apart. Cross-

sectional analyses usedmultilevel, stepwise regressionmodels tomeasure the strength of

associations between model constructs and physical activity, and variance in behaviour

explained by PWM over and above TPB. In longitudinal analyses, change scores were

calculated by subtracting follow-up from baseline scores. Models controlling for trial

treatment status measured the strength of associations between change scores, and

variance explained.

Results. At baseline, after controlling for past behaviour, physically active prototype

similarity had the strongest relationship with activity after the intention to be active.

Change in prototype similarity had the strongest relationship with change in activity after

the change in intention and attitudes. Prototype perceptions and willingness explained

additional variance in behaviour.
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Conclusion. A dual-process model incorporating prototype perceptions could more

usefully predict physical activity than models based on rational expectations alone.

Behaviour-change interventions promoting an active self-image could be tested for effects

on physical activity.

Statement of contribution
What is already known on the subject?
� Physical activity declines during adolescence, a period of rapid psychosocial change.

� The Prototype Willingness Model predicts health-risk behaviours including smoking and drinking

alcohol during this developmental stage.

� Our understanding of relationships between prototype perceptions and adolescent physical activity is

limited.

What this study adds?
� This is the largest study to investigate the predictive utility of the Prototype Willingness Model for

adolescent physical activity.

� Identifies that prototype similarity has a stronger relationship with physical activity than either

attitudes or subjective norms, but not intention.

� Prototype similarity predicts physical activity over and above habitual physical activity.

� Demonstrates the temporal instability of PWMandTPB variables, and that 1-year change in prototype

similarity is linked to change in physical activity.

Background

Rapid psychosocial development during early adolescence can lead to lasting changes in
health behaviours, including physical activity (Dahl, Allen, Wilbrecht, & Suleiman, 2018;

Inchley et al., 2016). Regular physical activity promotes physical health and protects

mental well-being (Janssen & LeBlanc, 2010), yet activity declines during childhood and

adolescence, and only around a fifth of young people meet the World Health

Organisation’s recommendation of an hour a day on average of moderate-to-vigorous

physical activity, such as brisk walking, cycling, or running (Farooq et al., 2020; Guthold,

Stevens, Riley, & Bull, 2020; World Health Organization, 2016).

A better understanding of the correlates and predictors of adolescent physical activity
could inform interventions with the potential to guide the developmental course in a

positive direction (Sallis &Owen, 1998). Identifying promisingmodels of physical activity

behaviour change is particularly important given that non-modifiable factors including

female sex and low socioeconomic status (SES) are consistently linkedwith lower activity

levels (Sterdt, Liersch, & Walter, 2014).

The theory of planned behaviour
The dominant behaviour-change theories for investigating physical activity have been in

the social cognitive tradition, which assumes decisions are based on rational expectations

of behavioural outcomes (Rhodes, McEwan, & Rebar, 2019). One suchmodel, the Theory

of Planned Behaviour (TPB; Ajzen, 1985), has been widely used for investigating physical

activity (Ajzen & Schmidt, 2020; Buchan, Ollis, Thomas, & Baker, 2012): behaviour is

determined by reflective intentions, which are a product of attitudes (evaluation of a

behaviour), subjective norms (perceived social pressure to perform the behaviour), and

perceived behavioural control (PBC; ability to perform the behaviour), which is governed
in turn by beliefs about self-efficacy (capacity) and control (degree of autonomy to

916 Catherine Wheatley et al.



perform the behaviour; Conner & Sparks, 2005). The TPB is a useful framework for

explaining (Hagger, Chatzisarantis, & Biddle, 2002) and predicting (Hamilton, van

Dongen, & Hagger, 2020; McEachan, Conner, Taylor, & Lawton, 2011) physical activity

behaviour, althoughwhenpeople form intentions to be active, these do not always lead to
active behaviour: this discrepancy (noted across numerous health behaviours and age

groups) has been labelled the ‘intention-behaviour gap’ (Rhodes & Bruijn, 2013).

Consequently, research has attempted to extend the TPB by exploring potential

moderators of the intention-physical activity relationship, including both reflective

factors such as affective attitudes and anticipated regret, and more automatic processes

such as habit and self-regulation (Rhodes, Cox, & Sayar, 2021).

The prototype willingness model

A more recent, promising approach to explaining and predicting physical activity is the

dual-process framework, which accounts for both reflective and automatic determinants

of behaviour (Rhodes et al., 2019). The framework recognizes that behavioural decisions

appear to be influenced by constructs, such as motivation, self-regulation, habit, and

automaticity, as well as by reflective intentions (Gardner, de Bruijn, & Lally, 2011).

The PrototypeWillingness Model (PWM) is a dual process approach that builds on the

TPB to account for both reflective factors and the more reactive decision-making that
occurs in social situations, particularly among adolescents (Gerrard, Gibbons, Houlihan,

Stock, & Pomery, 2008; Gibbons & Gerrard, 1995). The model has been widely used to

explore alcohol consumption, a health-risk behaviour that appears likely to be influenced

by habit, learned associations, and social influences, as well as intentions to drink or

abstain (Gibbons, Kingsbury, Gerrard, &Wills, 2011). There are two routes to behaviour.

In the planned pathway, intentions, attitudes, and subjective norms determine behaviour.

The pathway does not include PBC because social opportunities to engage in behaviours

are said to be more influential than self-efficacy and control beliefs in this age group
(Gibbons, Houlihan, & Gerrard, 2009). In the social-reactive pathway, behaviour is

predicted by prototype perceptions and behavioural willingness. Prototypes are

distinctive and widely recognized images of a certain ‘type’ of person: these can have

both positive and negative characteristics. For example, young people often have a clear

idea about the type of person their age that drinks, and might describe this typical person

as ‘confident’ or ‘reckless’. According to the PWM, these clear and powerful images

motivate behaviour through a process of social comparison. If young people find a

behavioural prototype attractive or appealing (favourable), and it aligns closely with their
self-image (similar), then they aremore likely to engage in the behaviour. By behaving like

the prototype they will acquire its characteristics, a powerful consideration for

adolescents whose self-image is still under construction (Gibbons & Gerrard, 1995).

Prototypeperceptions (favourable and similar) are thought to be influencedby both peers

and parents (Ouellette, Gerrard, Gibbons, & Reis-Bergan, 1999; Ouellette, Hessling,

Gibbons, Reis-Bergan, & Gerrard, 2005). Behavioural willingness describes what

individuals are open to doing in reaction to social circumstances, rather than what they

plan to do (Gibbons, Gerrard, & Lane, 2003). Past behaviour is said to influence behaviour
in both reasoned and reactive pathways (Figure 1).

Research exploring the utility of this dual-process model has examined a range of

health behaviours and taken two broad approaches. First, it has compared the extent to

which TPB and PWM variables explain variance in health behaviours such as weight-loss

dieting (Instone&Davies, 2019) and speedingwhile driving (Elliott et al., 2017). Second, it
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has compared the strength of associations between constructs in these models with

intention and willingness to engage in behaviours such as smoking and drinking

(Spijkerman, van den Eijnden, Vitale, & Engels, 2004), and doping in competitive sport

(Whitaker, Long, Petr�oczi, & Backhouse, 2014).

Two meta-analyses have explored relationships between TPB and PWM variables and
health behaviours. Todd, Kothe, Mullan, and Monds (2016) examined the relative

contribution of reasoned and reactive pathways to behaviour across 90 studies. The PWM

explained 20.5% of the variance in health behaviours, indicating that unplanned, socially

reactive decisions are important to account for. Prototype favourability and similarity

explained 1.1% of additional variance in behaviour over and above reasoned intentions,

whilewillingness explained 1.4%. Van Lettow, de Vries, Burdorf, and van Empelen (2016)

examined the weighted correlations between prototype perceptions and health

behaviours. Overall, prototype favourability (r = 0.20) and similarity (r = 0.27) were
associated with behaviour, with small effect sizes (Cohen, 1992). Prototype similarity

(r = 0.34) was more strongly related than prototype favourability (r = 0.15) to health

protective behaviour. These findings suggest social-reactive constructs could have a small

but important explanatory role in physical activity behaviour.

No population studies have examined associations between adolescents’ active and

inactive prototype perceptions and physical activity, and evidence from a few small

studies is inconclusive. Broad ‘exerciser’ and ‘non-exerciser’ prototype perceptions were

associated with intentions to exercise (Rivis, Sheeran, & Armitage, 2006), but ‘cycling’
prototype perceptions did not explain variance in intentions to cycle to school over and

above TPB variables (Frater, Kuijer, &Kingham, 2017). Prototype perceptions did explain

additional variance in objectively measured activity over TPB variables (Wheatley,

Johansen-Berg, Dawes, & Davies, 2020).

Aims and hypotheses

We explored the utility of a dual-process approach for explaining physical activity and
change in physical activity behaviour. First, we examined cross-sectional relationships

andaimed to measure the relative strength of associations between physical activity and

constructs in the TPB and the PWM, and the variance explained by the PWM over and

Attitudes

Prototype Perceptions

Subjective Norms

Intention

Past Behaviour

Willingness

Physical Activity

Figure 1. The prototype willingness model (Gerrard et al., 2008; Gibbons & Gerrard, 1995).

918 Catherine Wheatley et al.



above TPB variables. Specifically, we hypothesized that active and inactive prototype

perceptions and willingness would have significant associations with physical activity,

and that they would explain additional variance in behaviour over and above TPB

constructs. We also investigated physical activity behaviour-change during adolescence
by examining longitudinal relationships: here, we aimed to measure the relative strength

of associations between change in physical activity and change in TPB and PWM

constructs, and the variance explained by the change in PWM variables over and above

change in TPB variables.Wepredicted a 1-year change (decline) in physical activitywould

be associated with 1-year changes in prototype perceptions and willingness, and that

these change measures would explain additional variance over and above changes in TPB

measures. Finally, we explored whether these relationships varied with sex and SES.

Method

Design

A cross-sectional and longitudinal analysis of baseline (June–September 2017) and follow-

up (May–September 2018) data from the Fit to Study cluster-randomized controlled trial,

registered with ClinicalTrials.gov, NCT03286725. Participants in the intervention arm
were asked to complete 20 min of vigorous physical activity per hour of physical

education (PE) in school, while the control arm did PE as usual. In this study, all

participants were treated as one cohort, but we controlled for school clustering and trial

treatment status (intervention or control) in the analyses. Trial recruitment, consent

procedures, andmethodology are reported elsewhere (Wassenaar et al., 2019) in linewith

the Consolidated Standards for Reporting Trials. The trial was approved by the Central

University Research Ethics Committee of University of Oxford (Registration No. R48879/

RE001) and all research was performed in accordance with the Declaration of Helsinki.

Participants

Participants were English Year 7 pupils (aged 11–13) at baseline. Schools provided

participants’ sex, birth date, and their eligibility for free schoolmeals (FSM), an indicator of

socioeconomic disadvantage (Taylor, 2017).

At baseline, 9,699 participants (female = 5,836; 60.1%; eFSM = 1,391; 14.3%; trial

intervention condition = 4,734; 48.8%) from 82 schools completed the questionnaire;
95.2% did so before the summer vacation and 93.3%were assessed in school. At follow-up,

the longitudinal sample was 4,632 participants from 52 schools (female = 3,049; 65.8%;

eFSM = 584; 12.6%; trial intervention condition = 1,899; 40.1%; 20 schools) had

completed assessments at both time-points; 98.1% of follow-up assessments took place

before the vacation and 83.0%were in school. Mean age at the start of Year 8 was 12.5(SD

0.29) years in both samples.

The full sample available at the Fit to Study trial’s baseline was school n = 93; pupil

n = 16,017; male = 7,056 (44.0%); and FSM = 3,068 (19.1%). Loss to follow-up and data
cleaning methods are reported in Figure S1.

Outcome measures

Participants completed questionnaires on school computers during class time, or

otherwise at home. We used short or single-item measures where possible to minimize
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participant burden. All constructs were measured on a seven-point scale where higher

values indicate amore positive response, allowing comparisons of effect sizes within (but

not between) models. We used the same action, context, and school-term time-frame –
‘for an hour every day during a typical week in term’ (represented by ellipses in the
descriptions below) – to emphasize thoughts and beliefs about travel to school, PE

lessons, and after-school sport. We calculated Cronbach’s a as a measure of internal

consistency for variables that were themean score of three ormore items and Spearman’s

r for variables that were the mean of two items.

Physical activity variables

Physical activity (past week) was measured with a validated, single-item measure (Scott,
Morgan, Plotnikoff, & Lubans, 2015): ‘In the past week, on howmany days have you done

a total of 60 min or more of physical activity, which was enough to raise your breathing

rate? Thismay include sport, exercise, and briskwalking or cycling for fun, or to get to and

from places’ (0–7 days).

Past behaviour (habitual physical activity) was measured with a single self-report item

(Hagger, Chatzisarantis, Biddle, &Orbell, 2001): ‘Thinking about the past 6 months, how

often have you been physically active for an hour every day during a typicalweek in term?’

(1 = ‘never’ to 7 = ‘always’).

TPB variables

Thesewere developed in linewith established theoretical principles (Francis et al., 2004).

The intention was measured with a single item: ‘I intend to be physically active. . .’
(1 = definitely no’, 7 = ‘definitely yes’). The attitude was the mean score of three items

(a = 0.82) on a visual analogue scale. The stem was ‘For me, being physically

active. . .would be:’ and the response options were boring-fun; stressful-relaxing; and
dissatisfying-satisfying. In line with previous PWM studies investigating the impact of

reactive over planned constructs (Todd et al., 2016), we measured subjective norms.

These were the mean score of four items, a = 0.71), capturing family and friends’

injunctive normswith ‘My family/most ofmy friends think I should bephysically-active. . .’
and descriptive normswith ‘My family/most of my friends will be physically active. . .’ (1=
‘strongly disagree’, 7 = ‘strongly agree’). PBC was measured with two items, capturing

self-efficacy: ‘If I wanted to, I am confident that I could be physically-active . . .’ and
control: ‘Whether or not I am physically-active. . . is entirely up to me’ (1 = ‘strongly
disagree’, 7 = ‘strongly agree’). The correlation between these items was low (Spear-

man’s r = 0.25) so they were included as separate measures (capacity and autonomy) in

analyses.

PWM variables

Perceptions of active and inactive prototypes were measured in line with previous

research (Gibbons, Gerrard, & McCoy, 1995). Favourability was rated against social
characteristics or attributes that adolescents understand, share and apply to active and

inactive prototypes. These characteristics were four, syllable-matched adjectives (con-

fident, popular, determined, and attractive) drawn from qualitative research in this age

group (Wheatley, Davies, & Dawes, 2017). Participants were asked to consider active

(and, separately, and inactive) prototypes: ‘Think of someone your age who is physically
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active (inactive) . . .’ and indicate ‘how far the followingwords describe your image of this

person?’ (1 = ‘not at all’ to 7 = ‘extremely’). Prototype favourability was the mean score

across the four attributes (active/favourability a = 0.71; inactive/favourability a = 0.80).

The similaritywasmeasuredwith a single item: ‘In general, how similar are you to the type
of person who is physically active (inactive). . .?’ (1 = ‘not at all’ to 7 = ‘extremely’).

Willingness was measured by presenting participants with scenarios in which they

could choose to be active in a social setting, based on previouswork (Gerrard et al., 2002).

The first scenario was, ‘It’s lunchtime at school and the teachers have organised an

obstacle race on the playing field for a challenge. Some students are taking part and others

are watching’. Participants were asked ‘How willing are you to be physically active by

doing the obstacle race?’ and then (score reversed) ‘How willing are you to avoid being

physically active by watching the obstacle race?’ (1 = ‘very unwilling’ to 7 = ‘very
willing’). The second scenario, followed by the same two questions, was ‘It’s nearly the

endof the school year. To celebrate, the teachers have organised some activities. Youhave

been offered the option to either spend the afternoon doing some sort of physical activity

such as canoeing or ice-skating – or going home early.’Willingness was themean score on

four items (a = 0.79).

Statistical analyses
Cross-sectional analyses included participants completing all baseline measures, and

longitudinal analyses included those who completed measures at baseline and 1-year

follow-up.

Baseline descriptive statistics

To examine relationships and check for multi-collinearity (indicated where r > 0.7;

Cohen, 1988), we calculated Spearman’s r correlations between all model variables.

Cross-sectional analyses of baseline data

Our aimswere to compare the strength of associations between TPB and PWMconstructs

and physical activity behaviour, and to measure the variance explained by PWM

constructs over and above TPB variables. We developed a stepwise multilevel linear

regressionmodel, with random intercepts to account for school clusters.We entered past

(habitual) behaviour, sex, and FSM at step 1 because they are non-modifiable, followed by
TPB variables at step two, and prototype perceptions and willingness at step 3: this

hierarchy is in linewith previous analyses (Todd, Kothe, Mullan, &Monds, 2014). In steps

2 and 3, we included three-way and also two-way interaction terms of sex and FSM with

each of the model variables to explore whether the strength of associations varied with

sex and SES: where interactions were non-significant they were removed and the model

was re-run. Each step of the model controlled for pupil age, time of assessment (summer

term, school holiday, or autumn term), and place of assessment (school or home). We

bootstrapped 95% confidence intervals to account for the non-normal distribution of
model residuals.We calculated the intra-class correlation coefficient (ICC) at the final step

to examine the variance in physical activity explained by school clusters. The Goodness-

of-fit of successive models was estimated with a likelihood ratio test and multicollinearity

was further checked by calculating the variance inflation factor (VIF) of each variable in

the final models, taking VIF > 5 to indicate a problem.
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Longitudinal analyses of follow-up data

To examine change in variables over time, we estimated the main effect of time on

physical activity and all model variables in the longitudinal sample using a repeated-

measures design in a multilevel setting, accounting for school clusters and trial treatment
status (intervention or control).

In the longitudinal sample, changes in all variables were calculated by subtracting

follow-up scores from baseline scores. As with cross-sectional analyses, we aimed to

compare the strength of associations between changes in measured TPB and PWM

constructs and change physical activity, and to measure the variance explained by PWM

constructs over and above TPB variables. Aswith cross-sectional analyses,we developed a

three-step multilevel linear model with random intercepts for school clusters, controlled

for treatment status (intervention or control), age, and also time and place of assessments
at both baseline and follow-up. Non-significant interaction terms of sex and FSM were

excluded as before. Confidence intervalswere bootstrapped, goodness-of-fit, VIF, and ICC

were calculated as before.

Given the large sample size, we took p < .005 to indicate statistical significance in all

models, in line with calls for more stringent alpha levels (Johnson, 2013); where there

were significant interactions we explored these by plotting the data. Analyses were

conducted in R(3.5.1) with the lme4, glmm, ggplot2, and boot packages.

Sensitivity analyses

To explore any potential bias related to trial participation, we took participants assigned

to the control arm of the trial and re-ran cross-sectional analyses (n = 4,965) and

longitudinal analyses (n = 2,773) in these groups.

Results

Baseline descriptive statistics

In the baseline sample, all variables were significantly correlated (p < .005; see Table 1)

except inactive prototype favourability with attitude (p = .02), with subjective norms

(p = .54) and with active prototype similarity (p = .13); and between inactive prototype

similarity andPBC (autonomy;p = .41). Physical activitywas strongly correlatedwithpast

behaviour and intention (Cohen, 1988), but there was no evidence of multi-collinearity.

Cross-sectional analyses of baseline data

In the full model, there were significant associations in the expected direction between

physical activity and all variables except PBC (autonomy) and prototype favourability (see

Table 2). Physical activity had the strongest association with past behaviour (b = 0.48,

95% CI 0.45 to 0.51, p < .001), followed by intention (b = 0.15, 95% CI 0.12 to 0.18,

p < .001) and similarity to active prototypes (b = 0.13, 95% CI 0.10 to 0.15, p < .001).
At step 1 of the model, past (habitual) behaviour, sex, and FSM explained 37.7% of the

variance (see Table 2). There were no interactions between either sex or FSM and any of

the predictor variables in either of the subsequent model steps, so these terms were

excluded from the final models. Adding intention, attitude, subjective norms, and PBC

measures at step 2 explained a small amount of additional variance, 4.9%, and improved

the model fit, Χ2 (11,16) = 783, p < .001. Adding prototype perceptions and willingness
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at step 3 also explained a small amount of additional variance, 1.2%, and further improved

themodel fit,Χ2 (16,21) = 218, p < .001, at step 3, ICC = 0.04. VIF < 2.4 for all variables.

Longitudinal analyses of follow-up data

In the longitudinal sample, there was a significant main effect of time on physical activity,

b = �0.16, p < .001: mean active days per week were lower at follow-up (4.3) than at

baseline (4.5). Scores on all individual-level variables apart from PBC (autonomy) were

significantly lower (less positive) at follow-up (Table 3).

In the full model, therewere no significant interactions between either sex or FSM and
any of the predictor variables at the p < .005 level, although the interaction between sex

and active prototype similarity approached significance (b = �0.11, 95% CI �0.19 to

�0.03, p = .008): the positive relationship between change in prototype perception and

Table 2. Estimates of cross-sectional associations between individual-level variables and baseline

physical activity (n = 9,669) and longitudinal (n = 4,632)

Predictor variables

Baseline: cross-sectional analysis Follow-up: longitudinal analysis

R2 b 2.5% CI 97.5% CI R2 b 2.5% CI 97.5% CI

Step 1 0.377 0.135

Habitual activity 0.82** 0.80 0.84 0.52** 0.48 0.56

Sexa �0.26** �0.33 �0.20 �0.03 �0.15 0.09

eFSMb �0.05 �0.14 0.04 0.03 �0.13 0.20

Step 2 0.426 0.179

Habitual activity 0.54** 0.51 0.57 0.35** 0.31 0.40

Sexa �0.20** �0.27 �0.14 �0.02 �0.14 0.09

eFSMb 0.03 �0.05 0.12 0.03 �0.13 0.19

Intention 0.19** 0.16 0.21 0.17** 0.13 0.21

Attitude 0.14** 0.11 0.17 0.16** 0.11 0.21

Subjective norms 0.09** 0.06 0.11 0.04 �0.01 0.08

PBC: capacity 0.09** 0.07 0.12 0.08** 0.04 0.12

PBC: autonomy 0.00 �0.02 0.02 0.01 �0.03 0.04

Step 3 0.438 0.189

Habitual activity 0.48** 0.45 0.51 0.32** 0.28 0.36

Sexa �0.20** �0.26 �0.14 �0.02 �0.13 0.10

eFSMb 0.04 �0.04 0.13 0.04 �0.12 0.20

Intention 0.15** 0.12 0.18 0.15** 0.11 0.19

Attitude 0.08** 0.05 0.11 0.13** 0.08 0.18

Subjective norms 0.08** 0.05 0.10 0.03 �0.02 0.07

PBC: capacity 0.06** 0.03 0.09 0.06* 0.02 0.10

PBC: autonomy 0.00 �0.02 0.02 0.01 �0.02 0.04

Active favourable 0.03 �0.00 0.05 0.02 �0.02 0.06

Active similar 0.13** 0.10 0.15 0.10** 0.06 0.13

Inactive favourable 0.00 �0.02 0.03 �0.01 �0.04 0.03

Inactive similar �0.06** �0.08 �0.04 �0.05** �0.08 �0.02

Willingness 0.07** 0.04 0.10 0.05 0.01 0.10

Note. Fully adjusted multilevel model including covariates of age, sex, eFSM, term/place of measurement,

and school effects, with confidence intervals bootstrapped.
aReference category: male.; bReference category: not eligible for FSM.; *p < .005; **p < .001.
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change in physical activity was stronger for boys than girls. When the model was re-run

without any interaction terms, there were significant associations in the expected

direction between change in physical activity and change in past (habitual) behaviour,

intention, attitude, PBC (capacity), and prototype similarity only (see Table 2). Change in
past (habitual) behaviour had the strongest association with change in physical activity

(b = 0.32, 95% CI 0.28 to 0.36, p < .001), followed by change in intention (b = 0.15, 95%

CI 0.11 to 0.19, p < .001), change in attitudes (b = 0.13, 95% CI 0.08 to 0.18, p < .001)

and change in similarity to active prototypes (b = 0.10, 95% CI 0.06 to 0.13, p < .001).

At step 1 of themodel, change in past (habitual) activity, sex, and FSMexplained 13.5%

of variance in physical activity behaviour change (see Table 2). Adding change in

intention, attitude, subjective norms and PBC measures at step 2 explained an additional

4.4% of variance, and improved the model fit, X
2 (6,11) = 241, p < .001. Adding

prototype perceptions and willingness at step 3 explained a small amount of additional

variance, 1.0%, and further improved themodel fit,X2 (11,16) = 62.5, p < .001. At step 3,

ICC = 0.01. VIF < 2 for all variables.

Sensitivity analyses

In the cross-sectional analyses, the strength of association between physical activity and

model constructs, and the additional variance explained by PWM variables, were very
similar in the control-only sample (see Table S1). In the longitudinal analyses, the strength

of associations between change in model constructs and physical activity behaviour

change were broadly similar in the control-only sample: beta values for habitual activity,

intention, attitude, and active prototype similarity were slightly lower, while PBC

(capacity) was slightly higher than in the full sample. Although the total variance

explained by the final model was slightly greater in the full sample, the additional variance

in physical activity explained by PWM variables was almost the same.

Table 3. Comparison of scores at baseline and follow-up using multilevel regression (n = 4,632)

Variables

Baseline Follow-up Effect of time-point

Mean (SD) Mean (SD) ba

Past (habitual) behaviour 5.1 (1.4) 5.0 (1.4) �0.13*
Intention 5.4 (1.5) 5.1 (1.7) �0.25*
Attitude 5.0 (1.2) 4.9 (1.2) �0.12*
Subjective norms 4.8 (1.1) 4.7 (1.2) �0.13*
PBC: capacity 5.8 (1.4) 5.7 (1.4) �0.11*
PBC: autonomy 5.4 (1.4) 5.5 (1.4) 0.05

Favourable/active 5.2 (1.0) 5.1 (1.0) �0.06*
Similar/active 4.7 (1.5) 4.5 (1.5) �0.21*
Favourable/inactive 3.6 (1.3) 3.4 (1.3) �0.24*
Similar/inactive 3.0 (1.7) 3.2 (1.7) 0.17*
Willingness 5.1 (1.3) 4.8 (1.4) �0.34*
Physical activity 4.5 (1.9) 4.3 (1.9) �0.16*

aRepeated-measures comparison in the follow-up sample only; analysis is a multilevel regression

measuring the effect of time-point (baseline or follow-up) on each variable, controlling for treatment

status and school random effects.; *p < .005.
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Discussion

This study showed that a dual-process health behaviour model incorporating social-
reactive constructs could bemoreuseful for explaining andpredicting young adolescents’

physical activity in a population sample thanmodels based on rational expectations alone.

Although the strength of associations and the additional variance explained by PWM

constructs were relatively small, they are comparable with studies of other health

behaviours (Todd et al., 2016), suggesting the model may be a useful framework for

physical activity interventions. In the cross-sectional analyses, days per week of activity

were associated with prototype similarity and willingness. PWM constructs explained

1.2% of additional variance over and above TPB variables and established correlates of
physical activity, including past behaviour and sex, whereas Todd et al. (2016) found that

across a range of health behaviours, favourability, similarity, andwillingness accounted for

2.5% of additional variance over and above intention only. In the analyses of follow-up

data, physical activity declined over the year, and this change was linkedwith a decline in

similarity to active prototypes and an increase in similarity to inactive prototypes.Changes

in PWM measures explained unique variance in activity behaviour change.

Cross-sectional analyses of baseline data

Our findings suggest prototype similarity is an important correlate of adolescent physical

activity. At baseline, regression analysis showed that active prototype similarity wasmore

strongly related to activity than attitudes, norms, and PBCmeasures from the TPB, which

are all considered useful for modelling behaviour (Hagger et al., 2002; McEachan et al.,

2011). Furthermore, this relationship existed not only after controlling for sex and SES –
established as correlates of physical activity (Sterdt et al., 2014) – but also while

accounting for past (habitual) behaviour in the model. Inactive prototype similarity was
also linked with physical activity, but the strength of this negative relationship was

weaker. For comparison, and considering the behaviour most frequently explored with

the PWM, Todd et al. (2016) found that the strength of the relationship between drinker

prototype perceptions (favourability and similarity) and alcohol consumption across all

studieswas b = 0.145, suggesting that active prototype similarity this is a useful construct

for predicting adolescent activity behaviour.

These are striking results because it counters the criticism that measures of prototype

similarity and habitual behaviour are tapping into something very similar in the sense that
individuals self-identify as active (or inactive) only because they have been active (or

inactive) in the past (Ajzen, 2011; Gibbons & Gerrard, 2016). These findings, which align

with evidence that actor prototypes are typically stronger predictors of health intentions

than abstainer prototypes (Rivis et al., 2006), could be because an active self-identity – a
positive image including attractiveness and confidence, for example – is more salient than

an image involving the absence of these qualities.

Notably, therewas no significant relationship between physical activity and prototype

favourability, a measure shown to be more closely aligned with potentially appealing
health-risk behaviours such as moderate alcohol consumption than with health-

promoting behaviours such as nutritious food choices (Todd et al., 2016; Todd & van

Lettow, 2016). This is also an important finding because it suggests that, in this age group,

recognizing the positive characteristics of the type of person who is active (and the less

positive characteristics of inactive types) does not appear to significantly influence

behaviour.
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Physical activity was also associated with willingness to be active in social situations,

although this relationshipwasweaker than its linkwith reasoned intention. Nevertheless,

this is an important finding because behavioural willingness is typically associated with

health-risk behaviours such as smoking and drinking (Todd& van Lettow, 2016), inwhich
young people may not plan to participate, but become open to doing so in reaction to

social circumstances, as they weigh up competing for social and health risks. It has been

suggested that it can be socially risky for an adolescent to not engage in a risky behaviour

such as drinking at a party (Gibbons & Gerrard, 2016), but the influence of willingness

here indicates there could also be a social risk attached to engaging in physical activity, a

health behaviour. Active adolescents can, in certain circumstances, be perceived

negatively (Wheatley et al., 2017). Further research is needed to examine the extent to

whichunwillingness to be active – in reaction to a social situation inwhich exercisemight
be ‘uncool’ or ‘showing off’, for example – is an influential factor.

Longitudinal analyses of follow-up data

Mean days per week of physical activity declined over the year, and scores on all TPB and

PWM variables apart from PBC (autonomy) were also significantly less positive at follow-

up, highlighting the temporal instability of these individual differences during adoles-

cence. This is the first study to examine longitudinal associations in this framework as they
relate to physical activity. Change in past behaviour, in itself a non-modifiable construct

and therefore less important when considering intervention targets, is the strongest

predictor of change in physical activity. Yet it is striking that change in similarity to an

active image has a stronger relationshipwith change in behaviour than do changingnorms

or PBC measures during this period of rapid psychosocial development (Blakemore &

Mills, 2014), and that similarity to inactive images was also related to change in days per

week of activity, although this relationship was weaker than other associations between

model constructs and physical activity.
One explanation for the relationship between change in similarity to active prototypes

and change in activity over time is that adolescents’ self-images are becoming more

developed and thereforemore influential: self-consistency becomes a powerful motivator

of health behaviour through adolescence (Aloise-Young, Hennigan, & Graham, 1996).

Willingness – the constructwith the largestmain effect of time –was not related to change

in physical activity over a year, which is surprising given the strength of its association

with activity in the cross-sectional analyses. One explanationmight be that ‘willingness’ in

the scenarios presented is capturing something other than perceptions of social risks,
such as changing affective attitudes or autonomy. Further, there is evidence for a

developmental shift from reactive to planned behaviour from early tomiddle adolescence

(Pomery, Gibbons, Reis-Bergan, & Gerrard, 2009), suggesting that intentions could

become more influential than willingness over time.

Practical implications for interventions

Our overall aim was to explore the extent to which a dual-process framework that
accounts for impulsive reactions to social situations could help informadolescent physical

activity interventions. The strength of the relationship between prototype similarity and

physical activity – and evidence that the construct can change over time – indicates that
self-identity in the context of physical activity could be a useful target for intervention. But

highlighting aspirational social qualities of physically active people – such as
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attractiveness or determination – may be a less fruitful approach, given the weak

relationship between behaviour and prototype favourability.

One type of intervention that targets the importance of image similarity uses the

concept of the ‘possible self’, which refers to self-knowledge about potential life
outcomes given individual traits and behaviours: the accompanying hopes and fears for

the future are said to motivate behavioural regulation (Markus & Nurius, 1986). ‘Possible

selves’ have been used to explore and manipulate physical activity with some success

(Murru & Ginis, 2010; Ouellette et al., 2005; Perras, Strachan, & Fortier, 2016). In this

paradigm, participants are encouraged to reflect on the costs and benefits of long-term

activity (or inactivity): for example, one intervention increased physical activity among

adults by asking participants to think about their future selves as a regular exercisers, to

consider what images come to mind, and to imagine the barriers and facilitators to
achieving this possible self (Strachan, Marcotte, Giller, Brunet, & Schellenberg, 2017).

Adolescence is a period during which future orientation, motivation, and planning skills

are developing (Nurmi, 1991) so this approachmay have potential among younger pupils

too

Other approaches recognize that individuals identify not only as themselves but also as

members of a group (Tajfel, 1982). Some applied physical activity studies have shown that

individuals are more likely to engage in health behaviours to the extent they match the

content of a salient social group’s identity (Kwasnicka et al., 2020). One social groupwith
which adolescents identify is their school (Reynolds, Lee, Turner, Bromhead, & Subasic,

2017), so this approach could be extendedwith a whole-school intervention promoting a

more inclusive active image that incorporates active commuting and active lesson breaks,

for example. The prototype-behaviour relationship did not vary significantly with either

sex or SES, so such interventions might be suitable for adolescents from a range of

backgrounds.

Strengths and limitations

A key strength of this study is the large longitudinal data set, which allowed us to explore

the extent to which a large number of psychosocial constructs and covariates of sex and

SES were related to physical activity in a broad sample of adolescents. Although our study

cannot support conclusions about causality, its longitudinal design strengthens the case

that targeting variables in the dual-process PWM could lead to behaviour change.

A key limitation is that the proportion of participants lost to follow-up introduced bias.

Imputing missing data for multilevel modelling using basic techniques risks introducing
further bias:we judged that acceptingmissingness as a limitation, and running a sensitivity

analysis, represented the most transparent interpretation of the data. Although we

adjusted regressionmodels for a range of confounding factors,we acknowledgemoremay

be present.

Constructs in the TPB and PWM have indirect effects on behaviour (see Figure 1), but

we chose not to explore these. Numerous studies have also demonstrated direct links

between model constructs and behaviour (Armitage & Conner, 2001; Cooke, Dahdah,

Norman, & French, 2016; Todd et al., 2016), and we chose to focus on these because the
purpose of the study was to find modifiable constructs for interventions to increase

physical activity. Further studies would develop this work by exploring indirect effects.

We used single-item self-report measures of physical activity, intention, and prototype

similarity to minimize participant burden during Fit to Study. Two items measuring PBC

showed low internal consistency at baseline and follow-up, suggesting physical activity
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capacity and autonomy are distinct and unrelated concepts in adolescent samples.

Willingness measures showed good internal consistency at both time points, but it is

possible that self-report measures, requiring conscious deliberation, may not accurately

capture the impulsive dimension of behavioural willingness (Davies, Paltoglou, &
Foxcroft, 2017; Fishbein, 2008).

Conclusions

This large-sample study adds to evidence that a dual-process health behaviourmodel could

be more useful for explaining and predicting young adolescents’ physical activity than

models based on rational expectations alone. The strength of the association between

physical activity behaviour and active prototype similarity in both cross-sectional and
longitudinal analyses suggests that self-image and social identity in the context of physical

activity could be useful targets for intervention in this age group. Behaviour-change

interventions promoting an active self-image could be tested for effects on physical

activity among young adolescents.
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