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Despite substantial research efforts to increase engagement in physical activity (PA), children are not sufficiently
active. Dual-process theories suggest that PA behavior regulation occurs through both controlled (i.e., reflective,
conscious) and automatic (i.e., non-reflective, less conscious) processes. Automatic processes depend on affective
valuations and attitudes towards PA and have been shown to predict PA behavior. However, their role in PA
behavior regulation in children remains unclear. Therefore, the current study investigated the unique association
of automatic attitudes towards PA on self-reported seven-day PA recall, after accounting for the effects of known
controlled precursors of PA (i.e., explicit attitudes, PA self-efficacy, and PA intentions). In a cross-sectional
design, 69 children (age = 10.8 + 0.6 years) completed the Single-Category Implicit Association Task (SC-
IAT) and self-reported measures of PA and controlled precursors of PA. In a hierarchical regression analysis,
controlled processes accounted for 28.3 % of the variance in PA behavior. Although the bivariate association
between automatic attitudes and PA was not significant, the association between them became significant but
negative in the fully adjusted model (b = —1.70; p = 0.025). The fully adjusted model accounted for 35.0 % of
the variance in PA. In summary, the findings indicated that both controlled and automatic processes predicted PA
in children, although the association with automatic attitudes was not in the expected direction in the adjusted
model. Future studies are warranted to further understand the role of automatic processes in the regulation of PA
behavior in children.

1. Introduction

(e.g., educational interventions targeting PA knowledge; Gourlan et al.,
2016; Rhodes & Rebar, 2017). Controlled processes are consciously

The UK Chief Medical Officer and the World Health Organization
(WHO) recommend children and adolescents to engage in at least of 60
min of moderate-to-vigorous physical activity (PA) per day, on average.
However, around 50 % of children in the UK and around 81 % of ado-
lescents globally do not meet the PA guidelines (Farooq et al., 2018;
Griffiths et al., 2013; Guthold, Stevens, Riley, & Bull, 2020). Despite
substantial efforts to promote PA in this population, it remains unclear
why children do not engage in sufficient PA (Sallis et al., 2016). Most of
the currently available PA research (based on social-cognitive theories)
stems from the assumption that PA behavior regulation occurs through
controlled processes that underpin reasoned motivation and intentions

accessible beliefs and attitudes that can be articulated (e.g., in self-report
measures) and shape the deliberate intentions to engage in PA (Nosek,
2007; Rhodes & Rebar, 2017). Several of the dominant social-cognitive
theories, including Social Cognitive Theory (Bandura, 2001) and Theory
of Planned Behavior (Ajzen, 1991), consider PA intentions to be the
modifiable factor that most closely influences PA and has been the target
of many interventions (Rhodes & Rebar, 2017; Sheeran, Maki, et al.,
2016a). In line with the social-cognitive theories, controlled processes,
including affective and instrumental attitudes, and PA self-efficacy have
been found to predict PA both directly and indirectly through PA in-
tentions (Ajzen, 1991; Bandura, 2001; Sheeran, Maki, et al., 2016b).
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Although some factors based on several controlled processes (e.g.,
explicit attitudes, PA self-efficacy and PA intentions) have shown
consistent positive associations with PA, evidence from PA interventions
in children is mixed and has shown small or even negligible effects on PA
in the long-term (Brown et al., 2016; Phipps et al., 2022; Sheeran, Maki,
etal., 2016b). Recently, it was demonstrated that only half of adults who
formed a PA intention ultimately engaged in PA, suggesting that the
likelihood of PA engagement after the formation of PA intentions is close
to chance (Feil, Fritsch, & Rhodes, 2023; Sheeran & Webb, 2016). Thus,
in order to go beyond controlled processes, dual-process theories have
proposed that PA behavior is also regulated by automatic (implicit)
processes (Brand & Ekkekakis, 2018; Cheval & Boisgontier, 2021;
Conroy & Berry, 2017; Schinkoeth & Antoniewicz, 2017). Automatic
processes refer to cognitive, affective and motivational processes that
are non-reflective, rapid and can influence behavior without the in-
dividual’s intention or awareness (Conroy & Berry, 2017; Sheeran,
Bosch, et al., 2016b). Automatic processes are triggered when in-
dividuals are presented with PA-related cues (external or internal)
because they activate affective valuations of PA and automatic attrac-
tions to less energetically costly alternatives (Brand & Ekkekakis, 2018;
Cheval & Boisgontier, 2021; Conroy & Berry, 2017). Such a distinction
between controlled and automatic processes has been debated as they
may not belong to two separate systems and a more nuanced view is
warranted (Melnikoff & Bargh, 2018). However, the dichotomization
posited in dual-process theories is a pragmatic one, which allows their
assessment in experimental studies and integration into interventions
(Cheval et al., 2018).

Affective valuations of PA are based on past PA experiences relating
to affective responses (feelings of pleasure and displeasure) and/or
emotional evaluations (of social and environmental factors) (Brand &
Ekkekakis, 2018). Affective valuations and attractions form the basis for
automatic attitudes, which are processes that influence the speed of
recognition and direction of attention in the early stages of behavior
planning (Cheval, Miller, et al., 2019; Conroy & Berry, 2017). Thus,
automatic attitudes account for the affective valuation and automatic
attraction to PA that are activated when individuals are presented with
PA-related cues (Conroy & Berry, 2017). Automatic processes ultimately
result in an impulse to either approach or avoid PA (Brand & Ekkekakis,
2018; Cheval & Boisgontier, 2021; Conroy & Berry, 2017). Other ac-
counts have also suggested that the rewards associated with the PA (or
sedentary behavior; SB), which could be in the form of affective re-
sponses, may mediate the associations between repeated situational
cues and PA (Cheval, Boisgontier, Bacelar, Feiss, & Miller, 2019; Judah,
Gardner, Kenward, DeStavola, & Aunger, 2018). Thus, forming a habit
where impulses for action are triggered at the presentation of the cue
(Gardner, Rebar, De Wit, & Lally, 2024). In contrast to controlled pro-
cesses, the role of automatic processes in PA behavior regulation has
received less attention, particularly in children. Children’s cognitive
development status may distinguish them from adults. As previously
demonstrated, children’s behavior is characteristically impulsive, sug-
gesting that automatic processes play an important role in their PA
behavior regulation (Tao, Wang, Fan, & Gao, 2014). As such, automatic
attitudes form the basis of automatic processes and provide a good
starting point for understanding the role of automatic processes in the
regulation of PA behavior in children.

Studies measuring automatic attitudes towards PA in adults have
shown that more positive (and stronger) attitudes are associated with
higher levels of PA (Calitri, Lowe, Eves, & Bennett, 2009; Conroy, Hyde,
Doerksen, & Ribeiro, 2010). For example, a systematic review and
meta-analysis of 26 studies found an overall positive and significant
association between automatic attitudes and PA (Chevance, Bernard,
Chamberland, & Rebar, 2019). Additionally, studies measuring
controlled processes and automatic attitudes have found that the two
work  synergistically in predicting PA (Cheval, Sarrazin,
Isoard-Gautheur, Radel, & Friese, 2015; Conroy et al., 2010; Muschalik,
Elfeddali, Candel, & de Vries, 2018). In children, automatic attitudes
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have been studied to understand health and social behaviors related to
smoking (Andrews, Hampson, Greenwald, Gordon, & Widdop, 2011),
eating behaviors (DeJesus, Gelman, & Lumeng, 2020) and racial atti-
tudes (Baron & Banaji, 2006). To the best of our knowledge, only a few
studies have investigated automatic attitudes towards PA in children
(Craeynest et al., 2005; Limmeroth & Raboldt, 2022; Miicke, Ludyga,
Andra, Gerber, & Herrmann, 2021; Scotto Di Luzio et al., 2023). Two
studies examined the differences in automatic attitudes towards healthy
and unhealthy foods and PA and sedentary behavior between obese and
non-obese children, and both found no differences in automatic atti-
tudes between the groups (Craeynest et al., 2005; Scotto Di Luzio et al.,
2023). However, there was no difference in PA levels between these
groups in either study, which may explain the lack of difference.
Furthermore, two studies found associations between automatic atti-
tudes towards PA and device-measured PA (Limmeroth & Raboldt,
2022; Miicke et al., 2021). Specifically, Miicke et al. (2021) found an
association between automatic attitudes and vigorous PA, but not
moderate-to-vigorous PA. Additionally, Miicke et al. (2021) also found
an association between automatic attitudes and basic motor compe-
tencies (i.e., the ability to perform basic movement skills; e.g., jumping
or throwing) as an indicator of the ability to engage in PA (as a precursor
to PA self-efficacy). Limmeroth and Raboldt (2022) found automatic
attitudes to predict PA, explaining 11 % of the variance, but only for PA
during weekdays and not for PA during weekends. As such, Limmeroth
and Raboldt (2022) and Miicke et al. (2021) indicated that an associa-
tion exists between automatic attitudes and PA in children, but may
depend on timing and intensity of the PA. Previous studies investigated
the direct associations between automatic attitudes and PA but did not
investigate the contribution of automatic attitudes in addition to
controlled processes, such as explicit attitudes, PA self-efficacy and PA
intentions.

The aim of the current study was to investigate the unique associa-
tion of automatic attitudes towards PA on self-reported seven-day PA
recall, after accounting for the effects of known controlled precursors of
PA (i.e., explicit attitudes, PA self-efficacy, and PA intentions). The
current study employed a cross-sectional design where measures of
automatic attitudes towards PA, controlled processes (explicit affective
and instrumental attitudes towards PA, PA self-efficacy and PA in-
tentions) and a seven-day PA recall were taken in a single session. Based
on the tenets of social-cognitive theories (Ajzen, 1991; Bandura, 2001),
it was hypothesized (H1) that controlled processes, including explicit
affective and instrumental attitudes and PA self-efficacy, would be
significantly associated with PA in children directly and that
self-efficacy would also be significantly associated with PA through PA
intentions. Based on the currently available theoretical and empirical
evidence, it was also hypothesized (H2) that automatic processes
(automatic attitudes) would be significantly associated with PA in
children over and above the effects of controlled processes.

2. Method
2.1. Participants

Children in grades five and six were recruited through local primary
schools with written permission from the school leaderships. Both par-
ents and children were provided with information sheets describing the
methods and procedures of the study and were asked to provide their
consent to participate in the study. Informed consent was obtained from
the parents and assent was obtained from the children. The parents were
asked to complete a short questionnaire about their child regarding sex,
date of birth, ethnic background, presence of clinically diagnosed
mental health issues (e.g., ADHD) and presence of physical/intellectual
disabilities which may influence PA behavior. The presence of clinically
diagnosed mental health issues and presence of physical/intellectual
disability were used as exclusion criteria. The required sample size was
estimated using GPower 3.1 (Erdfelder, Faul, & Buchner, 1996). As no
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previous similar data was available for power analysis to the authors’
knowledge, a moderate effect size was used. For a moderate effect size
() of 0.15, a power of 80 % and an « error probability of 0.05, the
required sample size for a multiple regression analysis with 5 total
predictors was 77 (Selya, Rose, Dierker, Hedeker, & Mermelstein, 2012).
To account for potential attrition and invalid data of about 10 %, we
aimed to recruit 85 participants.

2.2. Procedures

Ethical approval was obtained from Northumbria University ethical
review board (reference: 3416). In the current cross-sectional study, all
measures were administered during a single session. Data were collected
in a classroom setting with up to 15 participants in each session, with
participants seated on individual desks approximately 2 m apart. The
participants received an introduction to the procedures of the study. The
concept of PA was defined in lay terms (based on the WHO definition;
Bull et al., 2020) as “physical activity is anything that involves the body
moving, like walking, running, cycling, doing sports or playing around”.
Automatic attitudes were measured first, followed by self-reported
measures in order: PA (7-day recall), PA self-efficacy, PA intentions,
affective and instrumental attitudes. At the end of the session, partici-
pants’ body height and mass were measured individually in an adjacent
room.

2.3. Single-category implicit association task

Automatic attitudes reflect the automaticity of affective valuation of
PA, making them difficult to measure using self-report measures
(Conroy & Berry, 2017; Sheeran, Bosch, et al., 2016b). The Implicit
Association Task (IAT) is a reaction-time-based task designed to test
automatic attitudes (the strength and direction of mental associations)
in relation to two opposing target stimuli (Greenwald, Nosek, & Banaji,
2003). On the other hand, Single-Category IAT (SC-IAT) focuses on one
target stimulus (rather than two opposing targets) (Karpinski & Stein-
man, 2006). The SC-IAT allows for the measurement of absolute positive
or negative attitudes towards one target (e.g., PA) rather than the
relative attitudes between two targets (e.g., PA vs. sedentary activity;
Karpinski & Steinman, 2006). Although the SC-IAT has been widely used
to investigate automatic attitudes (Chevance et al., 2019), its psycho-
metric properties in relation to PA have not been tested in children. One
study in children Miicke et al. (2021) used the SC-IAT to measure
automatic attitudes towards PA, but did not report measures of validity
or reliability. Therefore, no data is available regarding the validity and
reliability of the PA-specific SC-IAT in children. In adults, among nine
measures of automatic attitudes, the SC-IAT showed low validity (Zenko
& Ekkekakis, 2019b). Other studies have shown acceptable reliability of
the SC-IAT in adults (« range = 0.63-0.83) (Hyde, Elavsky, Doerksen, &
Conroy, 2012; Muschalik et al., 2018). Measures of automatic processes
rely on reaction times to infer automaticity and the mechanisms they
measure are often not fully understood, and therefore often show low
reliability (Zenko & Ekkekakis, 2019a). The psychometric properties of
the SC-IAT need exploration in children and the current study reported
its reliability using the split-half reliability method.

The SC-IAT was hosted on Inquisit Web (Inquisit Web, 2023) and
administered on an Apple iPad, which allowed multiple participants to
complete the task simultaneously. The participants were given in-
structions for the SC-IAT and a preview of the stimuli, highlighting that
the words were either positive or negative and the images depicted PA
behavior. See Table 1 and Fig. 1 for a detailed description of the SC-IAT.
The SC-IAT followed the design of Karpinski and Steinman (2006) with
visual modification to suit a child population, including happy/sad
faces, word selection and pictorial stimuli (Axt, Feng, & Bar-Anan, 2021;
DeJesus et al., 2020; Miicke et al., 2021). The SC-IAT consisted of four
blocks divided into two sets (positive and negative), with each set
containing one practice block (omitted from the analysis) and one test

Psychology of Sport & Exercise 76 (2025) 102750

Table 1
Design of the Single Category — Implicit Association Task. Positive (n = 15) and
negative (n = 15) words used in SC-IAT. See Axt et al. (2021) for word selection.

Block n Block Left Right

# Trials function

1 24 Practice Happy face + Sad face
Physical activity

2 72 Test Happy face + Sad face

Physical activity
Positive words: Funny, Happy, Yummy, Smile, Pleasant,
Beautiful, Helpful, Love, Cute, Comfortable, Friendly, Excellent,
Best, Cool, Success

3 24 Practice Happy face Sad face + Physical
(reverse) activity

4 72 Test (reverse)  Happy face Sad face + Physical
activity

Negative words: Boring, Sad, Yucky, Cry, Unpleasant, Horrible,
Selfish, Hate, Disgusting, Nasty, Wrong, Worst, Terrible,
Harmful, Fail

block (used for analysis). In the positive and negative sets, the PA stimuli
were associated with a happy and a sad face, respectively. The order of
the sets was counterbalanced across participants. Images depicting a
stick figure engaging in PA were used as PA stimuli. Two categories of
words with positive and negative connotations were used. A happy face
was located in the upper left corner of the screen and a sad face was
located in the upper right corner of the screen, representing positive and
negative attributes. The phrase “Physical activity” was displayed below
the happy face during the positive set and below the sad face during the
negative set.

The stimuli were displayed in the centre of the screen in random
order. The participants were asked to press the “E” button for the left
side and the “I” button for the right side to categorize the words to their
corresponding attribute (positive or negative). Similarly, the partici-
pants were asked to press the “E” and “I” buttons to assign the stimuli to
the side where words “Physical activity” were displayed. The partici-
pants were instructed to respond as quickly and accurately as possible.
For each trial, the stimulus was presented until a response was registered
and the interstimulus interval was 250 ms with a blank screen. For a
correct response, the next trial started. For an incorrect response, an “X”
appeared below the stimulus until a correct response was made. A
reminder in yellow, “Try to go quicker”, appeared on the screen after
2000 ms and remained for 500 ms if a response was too slow. Trials with
responses faster than 300 ms or slower than 10,000 ms were excluded
from analysis. Participants were excluded if their responses were faster
than 300 ms on 10 % or more of the trials or incorrect on 20 % or more of
trials (Andrews et al.,, 2011; Greenwald et al., 2003; Karpinski &
Steinman, 2006). Mean and standard deviation (SD) were calculated for
the reaction time of each of the two experimental blocks (i.e., 2 and 4).
As shown in Equation 1 d-score was calculated by subtracting the mean
reaction time on negative test trials from the mean reaction time on
positive trials and dividing by the standard deviation of the reaction
time across all correct trials (Greenwald et al., 2003; Karpinski &
Steinman, 2006; Richetin, Costantini, Perugini, & Schonbrodt, 2015).

RTp — RT, [SD2 + SD?
d==2——"" where SDpoorep = |/ —L—+—N T 50 @
SDpooLep 2

The d-score ranges from —2 to +2, with a positive d-score indicating
a positive attitude and a negative d-score a negative attitude, and more
extreme d-scores indicating stronger attitudes (Blanton, Jaccard, &
Burrows, 2015; Karpinski & Steinman, 2006). Cut points for the d-score
have been set to 0.15 indicating slight attitude, 0.35 moderate attitude
and 0.65 strong attitude (Blanton et al., 2015). The split-half reliability
was estimated using a random splitting method, yielding Pearson cor-
relation coefficient adjusted using the Spearman-Brown Prophecy for-
mula, comparable to Cronbach alpha (De Vet, Mokkink, Mosmuller, &
Terwee, 2017; Parsons, 2021). The split-half reliability for the SC-IAT
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Fig. 1. Example screens of the SC-IAT and the eight PA stimuli used.

was estimated to be r = 0.68.

2.4. Physical activity behavior

The Youth Activity Profile (YAP; Saint-Maurice & Welk, 2015) was
used to measure PA based on a recall of PA and sedentary behaviors in
the past seven days. The YAP comprises three sections measuring PA at
school (including physical education and breaks), outside of school
(including structured exercise, play and active transport) and overall
sedentary behaviors (including time spent sitting using devices), with
five items in each section. Each item was scored on a five-option mul-
tiple choice (a score of 1-5), indicating time spent for each activity (e.g.,
No activity — 0 min; Large amount of activity — more than 2 h). Each
section of the YAP was averaged separately and the averages for the
activity sections (at school and outside of school) were summed to
provide an overall score of PA, yielding a score of up to 10. The internal
reliability coefficient for self-reported seven-day PA recall was estimated
at o = 0.72.

2.5. Physical activity self-efficacy

A previously validated 8-item questionnaire was used to measure PA
self-efficacy, which measures the confidence in one’s ability to be
physically active (Motl et al., 2000). The self-efficacy questionnaire
statements (sample item: “I can be physically active during my free time
on most days”) and was scored on a 5-point Likert scale (1 = Strongly
disagree, 5 = Strongly agree). An average score was calculated for the
eight items. The internal reliability coefficient for PA self-efficacy was

estimated at o = 0.68.

2.6. Physical activity intention

Physical activity intentions were measured as intention strength,
specifically targeting the PA intentions. Intention strength is represen-
tative of deliberate intentions, that is, a deliberate motivation for a
behavior as described in the current study as a controlled process
(Rhodes & Rebar, 2017). Three items were used in a self-constructed
questionnaire targeting three types of PA: organized physical activ-
ities, playing/recreational activities, and active transportation. The
questionnaire items were formulated as intentions to engage in PA: “I
intend to do participate in some sort of structured sport with an
instructor/coach in the next 7 days (week)”, “I intend to spend time
playing with siblings or friends in the next 7 days (week)”, “I intend to
walk/cycle/scoot to school at least one day in the next 7 days (week)”.
The PA intentions items were scored on a 5-point Likert scale (1 =
Strongly disagree, 5 = Strongly agree) and a sum score for the three
items was calculated. Similar items to measure PA intention have been
used in previous studies (Foley et al., 2008). The internal reliability
coefficient for PA intentions was estimated at a = 0.60.

2.7. Explicit attitudes towards physical activity

Explicit attitudes were measured using four items on a 10-point se-
mantic differential scale between two opposites. Two items measured
explicit affective attitudes related to the feeling and enjoyment of PA:
“feels good (pleasant)” vs. “feels bad (unpleasant)” and “fun
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(enjoyable)” vs. “boring (unenjoyable)”. Two items measured explicit
instrumental attitudes related to utility and importance of PA: “healthy
(good for me)” vs. “unhealthy (bad for me)” and “important” vs. “un-
important”. Average scores were calculated for affective and instru-
mental attitudes, respectively. As the scales for affective and
instrumental attitudes only included two items each, the Spearman-
Brown coefficient for the two-item scales was calculated as a measure
of reliability, with p = 0.88 for affective attitudes and p = 0.51 for
instrumental attitudes (Eisinga, Grotenhuis, & Pelzer, 2013).

2.8. Anthropometric measures

Height and body mass were measured individually at the end of the
session in an adjacent room. Height was measured using a generic wall-
mounted stadiometer, and body mass was measured using a digital scale
(Salter, n.d.). Body mass index (BMI) was calculated using the formula
BMI = body mass/height’ and BMI z-scores (BMI-for-age) were calcu-
lated using the zscorer R package (Myatt & Guevarra, 2019), which is
based on the WHO reference growth data for children and adolescents
aged 5-19 years (De Onis et al., 2007).

2.9. Data analysis

Data analysis was performed in R (R Core Team, 2019) using the
Imtest R package (Zeileis & Hothorn, 2002). Hierarchical multiple
regression analysis was performed to test the associations between the
controlled processes on PA. Explicit affective and instrumental attitudes,
PA self-efficacy, PA intentions and automatic attitudes (d-score) were
used as independent variables, Sex and BMI were used as control vari-
ables and PA was used as the dependent variable. First, in block 1, an
initial test of the control variables Sex and BMI was conducted. Block 2
and block 3 of the hierarchical regression was used to test the first hy-
pothesis, including PA self-efficacy, explicit affective attitudes and
instrumental attitudes as independent variables with Sex and BMI as
control variables in block 2 and adding PA intentions in block 3. To test
the second hypothesis (H2), automatic attitudes towards PA (d-score)
were added in block 4. It has been suggested that the number of vari-
ables included in a regression model may inflate the explained variance
due to overfitting (Ntnez, Steyerberg, & Ninez, 2011). Therefore, in
block 5, a post-hoc parsimonious model was built by excluding inde-
pendent variables that did not contribute to the models in the three
previous blocks. For each model, the R? value was reported as a measure
of explained variance and indicator of how well the regression line fits
the data with minimum error as the difference between observed and
fitted values. The change in R? between subsequent models was reported
as change in explained variance and its significance was tested using an
F-test (Gelman & Hill, 2007). The Bonferroni outlier test (car R package)
was used to test for extreme values in the residuals. Multiple linear
regression assumptions were tested for the residuals to assess the model
reliability, including normality of residuals (Kolmogorov-Smirnov test),
independence of residuals (Durbin-Watson test with values substantially
larger or smaller than 2 indicating violation of this assumption), ho-
moscedasticity (homogeneity of variance; Breusch-Pagan test), and
multicollinearity (using the variance inflation factor; VIF) (Williams,
Grajales, & Kurkiewicz, 2013). Significance was set at o« = 0.05 for the
interpretation of the results.

3. Results

In total, 79 children agreed to participate in the study, of whom three
did not attend school on the days of data collection, three were excluded
based on the SC-IAT reaction time exclusion criteria (>10 % of trials
<300 ms) and four were excluded based on the SC-IAT error rate
exclusion criteria (>20 % of trials). The sample size included in the
analysis was 69 participants, including 46 girls and 23 boys. See Table 2
for sample characteristics, and visualisation of the YAP in Fig. 2 and the

Psychology of Sport & Exercise 76 (2025) 102750

Table 2
Sample characteristics, including demographics and the measured constructs.
Mean (SD) Range
Demographics
Age (years) 10.84 (0.56) 9.22-11.78

Height (cm) 149.16 (7.78) 131.00-171.00
Body mass (kg) 42.35 (10.26) 25.8-71.18
BMI 18.87 (3.37) 13.35-28.15
BMI z-score 1.17 (1.91) —1.58-6.28
Dependent variable
PA (At + Out of school) 7.04 (1.43) 3.60-9.80
At school 3.77 (0.85) 1.40-5.00
Out of school 3.27 (0.86) 1.40-5.00
Sedentary 2.41 (0.74) 1.20-4.60
Independent variables
PA self-efficacy 3.66 (0.50) 2.13-4.87
PA intention 3.93 (0.91) 1.33-5.00
Explicit affective attitudes 8.50 (1.55) 4.50-10.00
Explicit instrumental attitudes 9.47 (0.90) 5.00-10.00
d-score 0.14 (0.22) —0.33-0.63

PA = Physical activity; BMI = Body mass index;

SC-IAT = Single-Category Implicit Association Task;

RT = Reaction time; d-score = Score on the Single-Category Implicit Association
Task

5 ¢ °
4 e o
4 e
o O®
%®
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3 .‘;..o
)
O- ‘
2 ......
2 ®,. 00
]
o°.‘ °
At school Out of school Sedentary

Fig. 2. Visualization of the youth activity profile for each of the three sections:
physical activity at school and out of school and sedentary activity.

predictor variables in Fig. 3. Trials were excluded based on the SC-IAT
criteria (reaction time >300 ms and <10,000 ms) for 18 participants
(trials excluded per participant mean = 2.2 %, SD = 2.3 %). The mean
time to complete the SC-IAT was 7 min and 47 s (SD = 2 min, 41 s).

3.1. Associations between variables

Overall, the independent variables showed small-to-moderate posi-
tive associations with PA, except for BMI and d-score, which showed no
significant associations with PA. The d-score showed only small signif-
icant positive associations with PA self-efficacy and PA intentions, and
no associations with affective attitudes, instrumental attitudes, or PA.
Instrumental attitudes showed no association with PA intentions. See
Table 3 for a correlation matrix including predictor variables and the
response variable.

3.2. Hierarchical multiple regression

Assumption checks were conducted on the residuals of the hierar-
chical multiple regression and all assumptions were met. Additionally,
the VIF for all predictors were deemed satisfactory (VIFs <1.79).
Detailed results of the hierarchical multiple regression are presented in
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Fig. 3. Visualization of the data for each measurement: self-efficacy, intention, affective attitudes, instrumental attitudes, and d-score.

Table 3
Correlation matrix of the interrelationships among predictor and responses (PA)
variables.

1 2 3 4 5 6

1. Physical activity -
2. BMI —0.13
3. PA self-efficacy 0.46° 0.03
4. PA intentions 0.40° -0.07  0.44°
5. Explicit affective 0.47° -0.22 0.48 020

attitudes
6. Explicit instrumental 0.19 -0.12 032" -0.01 0.44°

attitudes
7. d-score —0.004 —0.11 0.26" 0.49° 0.05 —0.09

BMI = Body Mass Index; PA = Physical Activity; d-score = score on Single-
Category Implicit Association Task (SC-IAT)

2 p <0.05;

b 5 <0.01;

¢ p <0.001

Table 4. The regression models in blocks 2-6 indicated significant
explained variance in PA. In block 1, Sex and BMI showed no association
with PA, explaining 0.1 % of variance. In block 2, affective attitudes and
PA self-efficacy were significantly associated with PA, explaining 25.3 %
of variance. In block 3, when PA intentions were included in the model,
PA self-efficacy was no longer significantly associated with PA, thereby
suggesting that the effect of PA self-efficacy on PA was largely explained
by PA intentions. Affective attitudes and PA intentions were signifi-
cantly associated with PA, explaining 28.3 % of variance, with a non-
significant change in explained variance, F(1,61) = 3.59; p = 0.063.
In block 4, when automatic attitudes (d-score) were included in the
model, affective attitudes and PA intentions remained significantly
associated with PA, and a significant association between automatic
attitudes and PA emerged, explaining significantly a further 4.7 % of
variance in PA, F(1,60) = 5.34; p = 0.024. However, contrary to our
expectations, a negative association between automatic attitudes and PA
was observed. In block 5, a post-hoc model was built excluding instru-
mental attitudes, sex and BMI. A significant association remained be-
tween PA intentions, affective attitudes and automatic attitudes and PA,
and the model was slightly strengthened explaining 35.0 % of variance
in PA, but not significantly, F(-1,61) = 0.24; p = 0.063. The association
between automatic attitudes and PA remained negative, which could be

attributed to a potential suppressive effect. Therefore, an additional
block (block 6) was added to the hierarchical regression to test whether
removing affective attitudes from the model influenced the direction of
the association between automatic attitudes and PA. In block 6, the
association between automatic attitudes and PA was still negative and
significant and the explained variance in PA dropped significantly by
6.2 %, F(-1,62) = 5.30; p = 0.024, suggesting that a suppressive effect of
affective attitudes on automatic attitudes did not exist.

4. Discussion

The aim of the current study was to investigate the unique associa-
tion of automatic attitudes towards PA on self-reported seven-day PA
recall, after accounting for the effects of known controlled precursors of
PA (i.e., explicit attitudes, PA self-efficacy, and PA intentions). The
findings provided partial support for the two hypotheses: (H1)
Controlled processes (affective attitudes and PA self-efficacy, but not
instrumental attitudes) were associated with PA in children. When PA
intentions were added to the regression as an independent variable,
affective attitudes were associated with PA (but not instrumental atti-
tudes or PA self-efficacy), explaining 28.3 % of the variance. As such, the
results in blocks 2 and 3 of the regression were consistent with known
social-cognitive theories (Ajzen, 1991; Bandura, 2001) and previous
studies (Foley et al., 2008; Sheeran, Maki, et al., 2016a), that is, PA
self-efficacy is associated with PA through PA intentions. (H2) In partial
support of this hypothesis, automatic attitudes were associated with PA
in children, only after adjustment for the controlled processes. However,
the association was of small effect size (4.7 % of additional explained
variance) and was in the opposite direction than expected, indicating
that more positive automatic attitudes towards PA (higher d-score) were
associated with lower PA. Additionally, further exploration revealed
that the association between automatic attitudes towards PA and PA
remained significant and negative in the absence of affective attitudes.

The correlational analysis showed significant associations between
explicit instrumental and affective attitudes, respectively and PA, which
is consistent with previous studies in adults (La Barbera & Ajzen, 2022).
Studies in adults have shown a distinction between explicit instrumental
and affective attitudes in the association with PA, with explicit affective
attitudes showing stronger associations with PA than instrumental at-
titudes (Calitri et al., 2009; La Barbera & Ajzen, 2022; Phipps et al.,
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Table 4

Hierarchical multiple regression of explicit affective and instrumental attitudes
towards physical activity (PA), automatic attitudes towards PA, PA self-efficacy
and PA intentions on PA. Block 1 included an initial test of the control variables.
Block 2 and 3 tested whether self-efficacy would also be significantly associated
with PA through PA intentions. Block 4 also included automatic attitudes to test
its association with PA above and beyond the included controlled processes. In
Block 5, variables that did not contribute to the model excluded in a parsimo-
nious model. In Block 6, explicit affective attitudes were excluded to test
whether it had a suppressive effect on automatic attitudes.

b SE CI95 % (L, t p

U)

Block 1: F(2,65) = 1.02; p = 0.355; R? = 0.030; Adjusted R% = 0.001

Intercept 9.46 1.28 6.90, 12.03 7.37 <0.001
Sex —0.38 0.38 -1.13, 0.37 —1.01 0.318
BMI —0.06 0.05 —0.17, 0.04 -1.18 0.242
Block 2: F(5,62) = 5.53; p < 0.001; R* = 0.309; Adjusted R? = 0.253
Intercept 2.54 2.20 —1.84, 6.93 1.16 0.251
PA self-efficacy 0.87 0.37 0.14,1.6 2.38 0.021
Explicit affective attitudes 0.33 0.13  0.08, 0.58 2.64 0.011
Explicit instrumental -0.11 0.19 —0.48, 0.27 —-0.57  0.572
attitudes
Sex 0.00 0.34 —0.67, 0.67 0.01 0.993
BMI —0.03 0.05 —0.12, 0.07 —0.54 0.594
Block 3: F(6,61) = 5.42; p < 0.001; R* = 0.347; Adjusted R* = 0.283
Intercept 2.02 217 —2.32, 6.36 0.93 0.356
PA self-efficacy 0.58 0.39 -0.2,1.36 1.48 0.145
PA intentions 0.39 0.20 —-0.02, 0.79 1.90 0.043
Explicit affective attitudes 0.30 0.12  0.05, 0.54 2.38 0.021
Explicit instrumental -0.04 0.19 —0.41, 0.34 -0.20 0.842
attitudes
Sex -0.19 0.34 -0.87, 0.5 —0.54 0.591
BMI —0.02 0.05 —0.12, 0.07 —0.51 0.614
Block 4: F(7,60) = 5.72; p < 0.001; R* = 0.400; Adjusted R* = 0.330
Intercept 1.75 2.10 —2.44, 5.95 0.84 0.407
PA self-efficacy 0.72 0.38 —0.05, 1.48 1.87 0.066
PA intentions 0.56 0.21 0.14, 0.98 2.65 0.010
Explicit affective attitudes 0.28 0.12 0.04, 0.52 2.33 0.023
Explicit instrumental —-0.09 0.18 -0.45,0.28 -0.49 0.628
attitudes
d-score -1.78 0.77 -3.33, —-2.31 0.024
-0.24
Sex —0.09 0.33 —0.76, 0.58 -0.27 0.790
BMI —0.03 0.05 —0.13, 0.06 -0.75 0.457
Block 5 F(4, 64) = 10.17; p < 0.001; R? = 0.389; Adjusted R* = 0.350
Intercept 0.36 1.13 —1.89, 2.61 0.32 0.752
PA self-efficacy 0.64 0.35 —0.07, 1.34 1.81 0.075
PA intentions 0.57 0.19 0.19, 0.95 3.02 0.004
Explicit affective attitudes 0.28 0.10 0.07,0.48 2.69 0.009
d-score -1.70 0.74 —3.18, —2.30 0.025
—0.22
Block 6 F(3,65) = 10.18; p < 0.001; R* = 0.320; Adjusted R* = 0.288
Intercept 1.12 1.14 —-1.15, 3.4 0.99 0.328
PA self-efficacy 1.06 0.33 0.4,1.72 3.23 0.002
PA intentions 0.59 0.20 0.19, 0.99 2.96 0.004
d-score —1.88 0.77 —3.43, —2.44 0.017
—0.34

PA = Physical Activity; d-score = score on Single-Category Implicit Association
Task (SC-IAT); BMI = Body Mass Index

2022). In children, Rhodes, Quinlan, Naylor, Warburton, and Blanchard
(2021) showed that parent- and child-reported instrumental attitudes
towards PA did not predict family PA (co-PA including parent and child)
at any point during the intervention whereas affective attitudes were
found to predict PA. The distinction between instrumental attitudes,
which are based on the knowledge of the importance and utility of PA,
and affective attitudes, which are based on affective valuations of PA,
may be important to address in future studies in children. The results
also showed small associations between automatic attitudes and PA
self-efficacy and PA intentions, but not with PA or the explicit instru-
mental or affective attitudes. The lack of association between automatic
attitudes and explicit attitudes is consistent with some previous findings
in adults, suggesting that automatic and explicit attitudes both predict
PA behavior but independently of each other (Hyde, Doerksen, Ribeiro,
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& Conroy, 2010).

The current study found that the univariate association between
automatic attitudes and PA was not significant, and when controlled
processes were accounted for, a significant negative association
emerged, which was unexpected. The negative association was in the
opposite direction of what was expected based on the tenets of dual-
process theories and contradicted the findings in previous studies in
children (Brand & Cheval, 2019). Although the evidence in children is
limited, significant positive associations between automatic attitudes
towards PA and PA have been observed, suggesting that an increase in
automatic attitudes is associated with an increase in PA (Limmeroth &
Raboldt, 2022; Miicke et al., 2021). Similarly, studies in adults have
largely shown positive associations between automatic attitudes and PA
across a variety of study designs (Chevance et al., 2019). As the uni-
variate association between automatic attitudes and PA was not signif-
icant and a negative association emerged in the fully adjusted model, a
suppressive effect of affective attitudes was suspected. That is, after
accounting for the shared variance between the automatic and
controlled processes, the residual association between automatic atti-
tudes and PA became negative (Martinez Gutierrez & Cribbie, 2021).
Explicit affective attitudes are theoretically close to automatic attitudes
that are thought to result from the learned affective association between
PA and affective experiences (Perugini, 2005; Phipps et al., 2022). In an
additional block in the hierarchical regression, we further explored
whether such a negative association was due to the inclusion of affective
attitudes but found that the association was unchanged in their absence.
Such results suggest that automatic attitudes and explicit affective at-
titudes may both contribute to PA behavior but independently of each
other. Affective attitudes have not been accounted for in previous
studies in children and a distinction between instrumental and affective
attitudes was highlighted, giving grounds for a similar distinction to be
made in future studies that test the automatic processes behind PA
behavior regulation.

In addition to theoretical factors, methodological factors may
explain the unexpected negative association between automatic atti-
tudes and PA. The SC-IAT used to measure automatic attitudes in the
current study was adapted to the child population to provide a more
relatable environment, including intuitive happy/sad faces used to
indicate positive/negative categories, age-appropriate words with pos-
itive/negative connotations, and age- and gender-neutral stimuli.
Furthermore, the SC-IAT was administered on iPads with touch buttons
for response and the task was administered in groups in a classroom
setting. Data from cognitive tasks in classroom settings administered
using tablets in children (7-13 years old), as done in the current study,
has previously shown acceptable reliability (Bignardi, Dalmaijer,
Anwyl-Irvine, & Astle, 2021). However, when comparing computers
with tablets and smartphones (in adults), lower performance (slower
reaction times and more mistakes) was found using tablets compared to
computers, and small-screen devices (i.e., smartphones) showed the
lowest performance (Passell et al., 2021). As such, the administration of
the SC-IAT on iPads may have made its accuracy weaker compared to
computer-based SC-IAT, which may explain the lack of bivariate asso-
ciation between automatic attitudes and PA. Moreover, previous studies
in children have reported adapting the stimuli to elicit PA-related af-
fective responses and using emoticons as positive/negative cues
(Limmeroth & Raboldt, 2022; Miicke et al., 2021). The split-half reli-
ability of the SC-IAT in the current study was slightly below acceptable
level (r = 0.68), which could be explained by any of the
above-mentioned adaptations. It has been suggested that measures of
automatic attitudes generally show low reliability due to their indirect
nature, relying on reaction times to infer automaticity (Zenko & Ekke-
kakis, 2019a). Furthermore, PA was measured using a self-report recall
tool (YAP). The previous studies investigating the association between
automatic attitudes towards PA and PA in children used
device-measured PA, which may explain the contradicting results in the
current study (Limmeroth & Raboldt, 2022; Miicke et al., 2021). As
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opposed to self-reported PA, device-based PA measurement does not
rely on recall but is continuous and captures most movement using ac-
celerations, and may provide a more accurate estimate of children’s PA
behavior (Burchartz et al., 2021; Fiedler, Eckert, Burchartz, Woll, &
Wunsch, 2021). Finally, a hierarchical regression was used to test the
stated hypotheses, which is particularly useful as it allows assessment of
the change in explained variance (R%) between subsequent models.
Other analyses, such as structural equation models, could be used to test
associations between predictor variables as well as the outcome
variable.

The current study had some limitations. The sample size in the cur-
rent study (n = 69) was under the one estimated through the prospective
power analysis (n = 77). Enough participants were recruited (n = 79)
but due to the aforementioned reasons 10 participants were excluded
from analysis. Moreover, the current study employed a cross-sectional
design, which limits any causal inference for the association between
automatic attitudes toward PA and PA. Designs that involve multiple
measures over time (e.g., longitudinal designs) provide higher levels of
evidence as they account for any changes that occur in the measured
constructs over time (Atkin, Van Sluijs, Dollman, Taylor, & Stanley,
2016). Studies with experimental manipulations may provide further
causal evidence beyond correlational studies. Additionally, it should be
noted that PA intention and explicit attitudes were measured in the
current study using self-constructed questionnaires as, to the authors’
knowledge, no validated questionnaires were available. As the validity
of the self-constructed questionnaires has not been established, the re-
sults may have been influenced. For example, the PA intention ques-
tionnaire targeted three dimensions of PA that could be considered
separate constructs. Additionally, the phrasing of the items in the PA
intention questionnaire could be improved to account for potential
differences in children’s PA contexts, which could confound the scoring
of the questionnaire. Thus, the development of valid and reliable tools to
measure PA intention and explicit attitudes in children is therefore ur-
gently needed. Furthermore, it should be noted that the current study
addressed controlled processes described by the TPB as proximal pre-
dictors of PA but did not include subjective norms. Subjective norms are
considered a distal construct, which is not directly linked to the behavior
(PA). Nevertheless, the inclusion of subjective norms in future studies is
warranted.

Some promising research has been conducted in adults to explore the
roles of automatic processes in the regulation of PA behavior, including
attentional bias, approach-avoidance tendencies and inhibitory control
(Cheval, Sarrazin, Pelletier, & Friese, 2016; Cheval, Miller, et al., 2019;
Farajzadeh et al., 2023; Kullmann et al., 2014). Only a few studies have
explored automatic processes in the context of PA behavior regulation
and focused on the child population, making the current study novel. An
additional contribution of the current study was that it examined
automatic and controlled processes conjointly, tapping into the poten-
tial unique contribution of automatic processes to PA regulation above
and beyond controlled processes. The findings of the current study
indicate that automatic processes may also have a role in the regulation
of PA behavior in children. However, definitive conclusions cannot be
drawn yet. The association between automatic attitudes and PA, and the
interplay with controlled processes needs further investigation. Further
research is also needed to investigate other automatic processes to better
understand their roles in PA behavior regulation in children, including
attentional bias, approach-avoidance tendencies, and inhibitory control.
Special caution should be given to children who are still undergoing
cognitive maturation and automatic processes may be important drivers
of their PA behavior regulation (Burchartz et al., 2021; Tao et al., 2014).
Finally, as automatic processes have mainly been investigated in adult
populations, little research exists that considers the environmental in-
fluences on the formation of affective valuations of PA or the response to
external PA stimuli in children. Perhaps unlike adults, the characteristics
of external PA stimuli may not only reflect stored experiences during
exercise. As children’s PA is considered impulsive, the characteristics
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(social/physical) of PA stimuli that drive or restrain PA engagement
need to be examined.

5. Conclusions

The current study shed light on the respective roles of automatic and
controlled processes in PA behavior regulation in children. The current
study found that automatic attitudes were associated with PA in chil-
dren, with a negative association (contrary to expectation), with a small
effect of 4.6 % additional explained variance above and beyond
controlled processes and only present when accounting for controlled
processes. Further examination of the association between automatic
attitudes towards PA is needed to affirm the direction of the association
and to establish how it underpins other automatic processes triggered by
PA-related cues. Prospective designs relying on more reliable measure of
automatic processes and PA behaviors in children are warranted.
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