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Abstract

The adoption and maintenance of physical activity (PA) is an important health behavior. This paper presents
the first comprehensive empirical test of the Physical Activity Adoption and Maintenance (PAAM) model, which
proposes that a combination of explicit (e.g., intention) and implicit (e.g., habit,, affect) self-requlatory processes
is involved in PA adoption and maintenance. Data were collected via online questionnaires in English, German,
and ltalian at two measurement points four weeks apart. The study included 422 participants (M,ge= 25.3, SD,5.=
10.1; 74.2% women) from Germany, Switzerland, Italy, Canada, and the U.S. The study results largely supported the
assumptions of the PAAM model, indicating that intentions and habits significantly mediate the effects of past PA
on future PA. In addition, the effect of past PA on future PA was shown to be significant through a mediation chain
involving affect and habit. Although the hypothesis that trait self-regulation moderates the intention-behavior
relationship was not supported, a significant moderating effect of affect on the same relationship was observed.
The results suggest that interventions targeting both explicit and implicit processes may be effective in promoting
PA adoption and maintenance.
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Introduction

Physical activity (PA) is an essential component of a
healthy lifestyle and has been shown to have numer-
ous health benefits [1]. Regular PA is associated with a
reduced risk of developing chronic diseases such as car-
diovascular disease [2], type 2 diabetes [3], and certain
types of cancer [4]. In addition, PA is also beneficial for
mental health and it can improve mood, reduce anxiety
and depression [5, 6], and improve cognitive functions [7,
8]. Despite the well-documented benefits of PA, a large
proportion of the population is not sufficiently active
[9], and a significant proportion of individuals struggle
to maintain regular PA behaviors [10, 11]. This lack of
sufficient PA is a major public health concern because it
contributes to the burden of chronic disease and related
health care costs [12, 13]. Therefore, promoting the adop-
tion and maintenance of PA is a key public health priority
to improve health-related outcomes and reduce health-
care costs.

Because of the lack of sufficient PA, there is a need
for theory-based prevention and health promotion pro-
grams to encourage PA adoption and maintenance. Most
classical theoretical models used to explain PA, such as
the theory of planned behavior [14] or the social cogni-
tive theory [15], assume that intention (i.e., motivation
for a specific behavior) is the most important predictor
of behavior. Empirical studies support the importance
of intentions in the implementation of PA [16]. Despite
this, a notable discrepancy persists between individuals’
intentions and their actual PA behavior, with the absence
of empirical evidence to validate the supremacy of ratio-
nal processes, such as intention, over other potential
determinants of behavior [17]. Consequently, meta-ana-
lytical findings have illuminated that a substantial pro-
portion of variance in PA — approximately 77% — remains
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unexplained through intentions alone [18], hereby signal-
ing the limited predictive capacity of traditional models
which may overestimate the influence of rational deci-
sion-making on behavior [20, 21].

As a consequence, dual-process models have become
a useful framework for explaining and forecasting PA
behaviors recently [22]. However, from the perspective
of dual-process theories, PA is controlled by two process-
ing systems: explicit (also known as reflective) processes
and implicit (also known as automatic) processes (we
explain these terms in more detail in Sect. 1.1.1 and 1.1.2,
respectively). These two systems operate simultaneously
and may also interact with one another [23]. Although
research on the effects of the interaction between
explicit and implicit processes in PA behavior exists, this
research is still limited [24, 25]. Therefore, the purpose of
the current study is to empirically test the assumptions
of the recently developed Physical Activity Adoption and
Maintenance model [PAAM model; 26], which combines
explicit and implicit processes to explain PA adoption
and maintenance (see Fig. 1). In the present paper, we
chose this model over other models in the field, because
the PAAM model allows for empirical testing of theoreti-
cal predictions.

The physical activity adoption and maintenance model

The PAAM model proposes that human behavior is gov-
erned by two distinct information-processing systems
that are characterized by their degree of automaticity
and reflectivity [27, 28]: implicit and explicit process-
ing systems. Both systems operate simultaneously and
interact with each other. Implicit processes serve as the
default response upon which explicit processes are based.
However, the explicit processes can override the behav-
ioral impulses of the implicit processes if the person
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has sufficient cognitive resources available [29]. Implicit
and explicit processes can be concordant or conflicting,
resulting in either a facilitation or an inhibition of PA
behavior [30]. In accordance with the Reflective-Impul-
sive Model [28], the interplay between the implicit and
explicit processes can be described as a competition for
control over the overt response [23].

Explicit processes and PA

Explicit processes refer to the deliberative and intentional
cognitive processes that guide behavior, such as decision-
making, planning, and goal-setting [31]. These processes
are primarily studied within social-cognitive theories,
including the Theory of Planned Behavior [22]. In addi-
tion, self-regulatory skills, such as trait self-regulation,
have been linked to explicit processes and health behav-
iors [32]. In the PAAM model, explicit processes include
PA intention, trait self-regulation, and executive func-
tions (EFs). Although intention is considered a crucial
factor in predicting PA behavior in many health behavior
models [14], empirical studies have shown that intention
alone does not fully explain the variance in PA behavior
[16, 33, 34]. This lack of covariation between intention
and behavior highlights the need to consider additional
factors beyond intention when predicting PA behavior.

Research has shown that self-regulatory skills are cru-
cial for the implementation of intended behaviors, espe-
cially when difficulties and barriers are present [35].
Trait self-regulation is one aspect of self-regulatory
skills that has been found to be of utmost importance
in health-related domains [36]. The PAAM model pos-
its that explicit processes such as trait self-regulation
play a vital role in bridging the intention-behavior gap
in PA domains, as individuals with higher levels of trait
self-regulation are more likely to overcome barriers and
resist immediate gratifications in favor of long-term ben-
efits [37]. In contrast, individuals with lower levels of
trait self-regulation may find it difficult to regulate their
behavior and thus struggle to adopt and maintain PA
behaviors [38]. Therefore, developing and enhancing trait
self-regulation might be a critical aspect of interventions
aimed at promoting PA behavior.

EFs are a set of cognitive processes that facilitate goal-
directed behavior, including self-regulation [39]; because
of this facilitative nature and because EFs require pro-
cessing capacity, these functions are a component of the
explicit processes. The tripartite model of EFs includes
distinct but interrelated domains: inhibition, updating,
and shifting [40]. Inhibition involves the suppression
of automatic or habitual responses that conflict with a
current goal, while updating allows for the active repre-
sentation and manipulation of relevant goal-related infor-
mation. Shifting allows individuals to flexibly adapt their
behavior to changing circumstances, thus avoiding a rigid
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and ineffective approach to goal attainment [39]. EFs
have been associated with successful self-regulation in
various domains, including health behaviors such as PA
[37]. However, the specific role of the three EF domains
in regulating PA has not been extensively studied [41].
Inhibition has been associated with better emotion regu-
lation during exercise and overcoming negative affective
responses [42]. Updating facilitates the active representa-
tion and flexible adjustment of PA goals and the means
to achieve them, while shifting helps individuals adapt to
changing environmental demands and overcome barriers
to PA [39]. Further research is needed to determine the
relative contributions of the three EF domains to success-
ful PA regulation.

Wilkowski and Robinson [43] propose that both moti-
vation and ability are important factors to consider when
predicting self-regulatory outcomes. Trait self-regulation
can be viewed as reflecting the motivation or willing-
ness to exert self-regulation across various situations and
behaviors [44], whereas EFs represent the cognitive abil-
ity to exert self-regulation in a given situation in a more
process-oriented way [39]. Thus, it is hypothesized that
self-regulation and EFs interact in predicting PA behavior
and the intention-behavior relation. Preliminary research
by Allom, Panetta, Mullan and Hagger [45] and Pfeffer
and Strobach [37] supports this hypothesis, suggesting
that higher levels of trait self-regulation may compensate
for poorer self-regulatory abilities.

The literature suggests that explicit processes play a
crucial role in overriding conflicting impulses, such as
negative affect toward PA behaviors or sedentary habits
[46, 47]. In contrast, implicit processes may dominate
when cognitive resources are limited [38]. Recent studies
have highlighted the importance of explicit processes for
successful self-regulation in the context of PA behavior
[48]. However, the interplay between implicit and explicit
processes in predicting PA behavior is still an open ques-
tion that requires further investigation.

Implicit processes and PA

Implicit processes, in the context of physical activ-
ity and behavior change, are defined as the automatic,
non-conscious psychological mechanisms that influ-
ence behaviors. Compared to explicit processes, these
implicit processes are fast, effortless, and triggered by
environmental or internal cues, with rigid and inflexible
responses to environmental demands [29, 49]. According
to the PAAM model, implicit processes include affective
responses and habits [26]. Affect refers to nonreflective,
simple, and rapid subjective experiences that support the
activation of approach or avoidance behavior and are dif-
ferentiated on the basis of their valence [50]. Affects are
simple automatic valuations of whether something is
good or bad and should not be confused with full-fledged
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emotions (e.g., anger, joy). Positive affective states dur-
ing PA have been shown to influence future PA [51] and
to promote the maintenance of PA behaviors [52]. The
PAAM model proposes that affective states influence
behavior through at least two mechanisms. First, affec-
tive states influence habit formation such that when
behavior is associated with positive affective states, habit
formation is faster, whereas when behavior is associated
with rather negative affective states, habit formation is
slower [53]. Second, affective states during the behavior
moderate the effects of intention on behavior, such that
when the behavior is associated with positive affective
states, the intention is more easily enacted, whereas, for
the same behavior, if the affects are negative, the individ-
ual will have more difficulties translating their intentions
(provided they have expressed them) into behavior [54].
Habits are automatic responses to environmental cues
that develop through repetition in stable contexts and
become less effortful over time [55]. Once formed, hab-
its are enacted without conscious awareness and are
therefore resistant to change. Consequently, interven-
tions aimed at promoting PA should focus on developing
habits rather than solely increasing PA levels [56]. The
PAAM model posits that habit formation is character-
ized by a gradual shift from explicit to implicit control
processes through repeated behavioral displays in stable
contexts [57, 58]. While behavior change and PA adop-
tion are primarily driven by explicit processes, behavior
maintenance is driven more strongly by implicit pro-
cesses. In the short term, behavior is more strongly reg-
ulated by intentions for individuals with weaker habits,
while habits lead to more automatic behavior [64—61].
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However, there is just rather recent work on how the
interaction between intentions and habits shapes behav-
ior [62] within the domain of PA [63].

The current study

The PAAM model suggests that explicit and implicit
processes play a critical role in the adoption and main-
tenance of PA. While empirical evidence exists for the
individual pathways of the model, a comprehensive and
combined examination of these pathways and the inter-
play between the postulated factors has not been con-
ducted in a representative sample. Therefore, this study
aims to test the theoretical assumptions of the PAAM
model using a multinational sample. The study’s hypoth-
eses (Fig. 2) are derived from the PAAM model, which
predicts the positive main effects of [1] past PA behavior
[2], intention, and [3] habit on future PA behavior. The
study further proposes that [4] intention and [5] habit
(at least partially) mediate the association between past
and future PA behavior, while [6] affect and habit act as
a mediating chain between past and future PA. In addi-
tion [7], trait self-regulation [8], affect, and [9] EFs are
proposed to moderate the intention-behavior relation-
ship, while [10] EFs and trait self-regulation are proposed
to moderate the intention-behavior relationship (i.e., a
three-way interaction; higher trait self-regulation may
compensate for lower EFs with respect to the intention-
behavior relationship).

Executive

functions Self-regulation

Intention

Past PA behavior

g Future PA

© ©\W

behavior
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®

Affect

Fig. 2 Hypotheses 1 to 10 of the present study in the context of the PAAM model. Note that hypotheses 1 to 8 could be empirically tested in this study
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Methods

Participants and procedure

The present study was preregistered on the Open Science
Framework (https://osf.io/kv2hn/?view_only=719bd1273
6fe429¢83381275b25a8a16) prior to the commencement
of data collection. The primary objective of this study
was to recruit adult individuals (=18 years) who did not
possess any physical health conditions that could poten-
tially impede their participation in PA. Participation in
the study was voluntary, and data were obtained through
the administration of online questionnaires and EF tests
using Tivian software and the EFS survey, which was dis-
tributed at universities and via social media. The ques-
tionnaires and tests were provided in English, German,
and Italian, and data were collected at two separate time
points with a 4-week interval between them. This obser-
vational study was completely online. During the initial
time of measurement (t1), participants were first pro-
vided with informed consent before being instructed to
generate a pseudonym (participant code). Subsequently,
they were required to provide demographic informa-
tion and respond to assessments of the PAAM variables,
including trait self-regulation, PA behavior at t1, PA
intention, PA habit strength, and affective reactions expe-
rienced during PA as independent or control variables.
The order of these assessments was counterbalanced and
randomized. Additionally, participants were directed
to four EF tests through provided links. To ensure ano-
nymity, participants were asked to provide a valid email
address solely for the purpose of receiving the participa-
tion link for the second time of measurement (t2). This
email address was stored separately from other data to
maintain participant anonymity. After a 4-week inter-
val in which participants had no contact with the pres-
ent study, they received the survey link for t2 and were
instructed to utilize the same participant code gener-
ated during t1. During t2, participants were exclusively
required to report their PA behavior during the last 7
days as dependent variable..

In the planning phase of this research, a comprehen-
sive power analysis was conducted to ensure the study
was adequately powered to detect the effects of interest.
Previous meta-analytical evidence suggests that inten-
tion and habit exhibit moderate to large effect sizes on
behavior change outcomes [18, 57]. However, given
the pioneering nature of our study on the assessment
of moderation effects in this context — where empirical
precedence is limited — we adopted a conservative esti-
mation, assuming a small effect size (f*=0.05). Using an
alpha level of 0.05 and aiming for a statistical power of
80% to detect significant effects among the seven predic-
tors included in the hierarchical linear regression, the
calculated required sample size was 295 participants.
At tl, the German version of the questionnaire was
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completed by 482 participants, the English version by
258, and the Italian version by 79. Of these, 251, 122, and
49 participants also answered the German, English, and
Italian versions of the questionnaire at t2 (i.e., stayers),
respectively, resulting in dropout rates of 47.9% (Ger-
man), 52.7% (English), and 38% (Italian). Analyses of dif-
ferences between stayers (i.e., participants that took part
in tl and t2) and dropouts (i.e., participants that took
part in tl1 exclusively) showed that there were no dif-
ferences in age (t=1.8; df=817; p=0.8), gender (x*=1.1;
df=1; p=0.22); PA (¢t=1. 9; df=817; p=0.06); intention
(¢=1.5; df=817; p=13), habit (t=1.2; df=817; p=0.23);
affect (t=1.7; df=817; p=0.09), and self-control (¢ = -0.7;
df=817; p=0.49). The only variable on which dropouts
and stayers significantly differed was educational attain-
ment (¢=4.7; df=817; p<0.01), indicating that dropouts
(M=14.3; SD=4.8) had approximately 1.7 more years of
education than stayers (M=12.6; SD=5.7). A total of 422
participants (M= 25.3, SD,,= 10.1; min,,, = 18; max-
age = 095 74.2% female) completed both t1 and t2, and all
participants confirmed proficiency in the respective lan-
guage of the questionnaire. The study was approved by
the Ethics Committee of the Medical School Hamburg
(reference number MSH-2020/106) and conducted in
accordance with the Declaration of Helsinki.

Measures

Demographic information form

Age, sex, nationality, and fluency in the respective
questionnaire language were assessed as demographic
information.

Trait self-regulation

The Brief Self-Control Scale (BSCS; Tangney et al., 2004;
German version by Bertrams & Dickhéduser, 2009; Italian
version by Giirdere et al., 2022) was applied to measure
trait self-regulation. It is a one-dimensional 13-item scale
(e.g., “I am able to work effectively toward long-term
goals?”), with each item being answered on a 5-point scale
(l=not at all to 5=very much). Higher scores indicate
higher levels of trait self-regulation. Several studies have
supported the psychometric properties of the different
language versions of the BSCS [69-66].

PA behavior

We measured PA behavior at t1 and t2 with the four
items derived from the short form of the International
Physical Activity Questionnaire [IPAQ; 67]. Participants
were asked to indicate how many times they performed
moderate and vigorous PA during the last 7 days, and for
how long (in minutes) on average per occasion. The fre-
quency values were multiplied with the average duration
per occasion for moderate and vigorous PA [cf., 68]. The
final moderate-to-vigorous PA score was calculated by
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summing up the moderate and vigorous PA minutes per
week. The measurement properties of the IPAQ instru-
ments demonstrate satisfactory qualities, comparable to
or even superior to those of other established self-report
measures [67].

PA intention

We assessed PA intention using three items (Ajzen, 1991;
Pfeffer, Englert, & Miiller-Alcazar, 2020), e.g., “I intend
to engage in PA for at least 30 min per day with moder-
ate-to-vigorous intensity”. Each item was rated on a Lik-
ert scale ranging from 1 (strongly disagree) to 6 (strongly
agree). The PA intention score is calculated as the sum
of the three item responses. The scale shows high inter-
nal consistency (e.g., Cronbach’s Alpha=0.89; Pfeffer,
Englert, & Miiller-Alcazar, 2020).

PA habit strength

To measure the strength of PA habits, we used the four-
item subscale of the Self-Report Behavioral Automatic-
ity Index of the Self-Report Habit Index [SRHI; 69, 70].
Items assess how automatically an individual engages in
PA (e.g. “Physical activity is something I do without hav-
ing to consciously remember”). Each item is rated on a
1 (disagree) to 5 (agree) Likert type scale. The behavioral
automaticity score is obtained by adding up the four item
responses. The reliability of the four-item automatic-
ity subscale has been demonstrated in previous research
(Gardner et al., 2012).

Affective reaction during PA (valence)

One item was administered regarding the pleasantness
of the feeling while performing PA [the Feeling Scale;
71]. Participants were asked to rate their affect during
moderate-to-vigorous physical activities (“Please assess
how you generally feel while exercising with moderate-
to-vigorous intensity”) from very bad (-5) to very good
(+5). The Feeling Scale has been validated for several lan-
guages [cf., 72].

Executive functions

We measured EF via the online platform Tatool [73]. Two
tests measured the inhibition function, and another two
tests measured the updating function. Due to time con-
straints and the online nature of our study, we did not
test EF shifting as a third aspect of executive function-
ing. The inhibition tests were the Eriksen Flanker task
[74, 75] and the Simon task [76, 77], while the updating
tests were variants of the n-back task [78]. The four tests
were inserted into exploratory factor analyses in order to
create factor scores for each dimension (i.e., inhibition
and updating). This should be used for further analyses
in order to solve the task impurity problem; this problem
arises because any target EF must be embedded within
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a specific test context, any score derived from an EF test
necessarily includes systematic variance attributable to
non-EF processes associated with that specific test con-
text [79]. However, the factor analyses did not provide
convincing results with regard to factor loadings (e.g.,
one inhibition test showed a positive and one a nega-
tive loading on the inhibition factor), which prevented us
from using these scores for further analyses. For this rea-
son, hypotheses 9 and 10 could not be tested.

Statistical analyses

The software Statistical Package for the Social Sciences
(SPSS) version 27 was used for data screening and anal-
yses. Relationships among study variables were exam-
ined with Pearson correlation coefficients. To test the
hypotheses, a hierarchical multiple regression analysis
was conducted. The criterion wasmoderate-to-vigorous
PA at t2. To determine the unique predictive value of
each predictor, predictors were entered into the hierar-
chical regression analysis sequentially as a function of
their proximity to the behavior. The decision to employ
hierarchical multiple regression analysis in our study was
driven by its ability to elucidate the incremental value
each predictor adds to the explanation of variance in
moderate-to-vigorous PA at t2. This analytical approach
allows us to systematically assess the unique contribution
of each variable—ranging from past PA to trait self-reg-
ulation—while controlling for the influence of variables
entered at preceding steps. The sequence of entry for
predictors into the hierarchical regression was strategi-
cally planned based on their theoretical proximity to the
behavior in question. This proximity reflects the degree
to which variables are directly involved in the initiation
and maintenance of physical activity behaviors. In step 1,
past PA was inserted as a predictor in the regression, fol-
lowed by intention (step 2), habit (step 3), affect (valence;
step 4), and trait self-regulation (step 5). The two-way
interaction terms intention x trait self-regulation as
well as intention x affect were included in step 6 and 7,
respectively. Because of the different scaling, continu-
ous variables were centered, and dichotomous variables
were dummy coded prior to calculating the two-way
interaction terms. PROCESS macro for SPSS [80] was
utilized for moderation and mediation analyses (based
on 10.000 bias corrected bootstraps). In our hierarchi-
cal multiple regression analysis, we employed R-square
(R* and the change in R-square (AR?) as key measures
to quantify the effect size, thereby assessing the magni-
tude of the relationships observed. R? provides a measure
of the proportion of variance in moderate-to-vigorous
PA at t2 that is explained by the predictors included in
the model. AR? on the other hand, offers insight into
the additional variance explained with the introduc-
tion of each successive block of predictors, highlighting
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Table 1 Descriptive statistics

N M SD PA_t2 Intention Habit Self-regulation Affect
PA_t1 422 244,97 256.68 0.45%* 0.38** 0.41%* 0.12% 0.25%*
PA_t2 422 204.00 196.96 0.39%* 0.42%* 0.20%* 0.32%*
Intention 422 1092 5.03 0.45** 0.08 0.33**
Habit 422 10.27 446 0.22%* 0.43**
Self-regulation 422 40.56 7.5 0.24%*
Affect 422 253 215

Note: N=number of participants; M=mean; SD=standard deviation; PA_t1=moderate to vigorous physical activity at t1; PA_t2=moderate to vigorous physical

activity at t2

Table 2 Summary of the hierarchical regression

RZ

Corr.R?

AR?

Model R AF df1 df2 p

1 0.450 0.203 0.201 0.203 106.8 1 420 <0.01
2 0.509 0.259 0.255 0.056 316 1 419 <0.01
3 0.544 0.295 0.290 0.037 219 1 418 <0.01
4 0.554 0.306 0.300 0.011 6.6 1 417 0.01

5 0.560 0313 0.305 0.007 4.1 1 416 0.04
6 0.560 0313 0.303 0.000 0.1 1 415 0.72
7 0.572 0327 0316 0.014 8.6 1 414 <0.01

Note: R=Multiple correlation coefficient; R?=squared multiple correlation coefficient; corr. R?=corrected multiple correlation; AF=difference of the F-value;

df1 =degrees of freedom in numerator; df2=degrees of freedom in denominator; p=probability value

the incremental predictive value added by factors such
as intention, habit, affect, and trait self-regulation. This
methodological approach ensures a nuanced under-
standing of the relative contribution of each predictor,
enabling us to systematically evaluate the extent to which
each variable — sequentially introduced based on theo-
retical considerations of their proximity to PA behavior
— enhances our model’s explanatory power. Because the
proportion of missing data due to non-response (n,; =
819; n,, = 422) was relatively high at 48.5%, tests for ran-
domness were performed. Little's MCAR test was not
significant (x*=9.2; df=7; p=0.24), indicating a rather
random pattern of attrition. In light of this finding, we
opted for listwise deletion as our primary strategy for
handling missing data. This decision was predicated on
the random nature of the missing data and the fact that
listwise deletion provides consistent and unbiased esti-
mates under the MCAR condition [81]. Additionally, we
considered the application of multiple imputation and
other advanced methods for dealing with missing data
[82]. However, given that our study achieved sufficient
statistical power with the existing sample size, as outlined
in Sect. 2.1 regarding power analysis, we concluded that
the added complexity and potential biases of imputation
methods did not outweigh the benefits in this context.

Results

Descriptive statistics

The descriptive results are shown in Table 1. All corre-
lation coefficients were statistically significant except for
the correlation between intention and self-regulation.
The strongest correlations (the greatest r value of our

study) were the stability correlation of PA and the corre-
lation between intention and automaticity (both r=0.45).
The strongest correlations of predictors with PA were
automaticity (tl: r=0.41, t2: r=0.42) and intention (t1:
r=0.38, t2: r=0.39).

Regression analysis

The results of the hierarchical regression analysis are
shown in Tables 2 and 3. The first step of the regression
analysis indicated that the moderate to vigorous PA at t1
significantly predicted about 20.3% of the moderate to
vigorous PA at t2. This result supports Hypothesis (1) By
adding the variable intention into the regression model,
the second step predicted about 25.9% of the behav-
ior at t2; this additional 5.6% of explained variance due
to the variable intention was statistically significant. In
this sense, the results support the Hypothesis (2) The
standardized regression coefficient () of past behavior
was reduced from 0.45 to 0.35. Additional mediation
analyses showed that the indirect effect of past behavior
via intention on future behavior was statistically signifi-
cant (b=0.061; Boot SE=0.017; t=3.7; df=1; p=0.02), so
Hypothesis 4 is empirically supported.

In the third step, the proportion of explained variance
increased significantly to 29.5% by including habit in the
regression model. The significant increase in explained
variance was 3.7%. This result supports Hypothesis 3.
From Step 2 to Step 3, the standardized regression coef-
ficients of past behavior went down slightly. The results
of additional mediation analyses indicated that the indi-
rect effect of past behavior via habit on future behavior
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Table 3 Regression coefficients of the hierarchical regression

Step v b std. error Beta t p

1 Intercept 1194 1.9 10.1 <0.01
PA_t1 0.3 0.0 045 103 <0.01

2 Intercept 283 19.8 14 0.15
PA_t1 03 0.0 035 7.8 <001
Intention 10.0 1.8 0.26 56 <0.01

3 Intercept -283 22.8 -1.2 022
PA_t1 02 0.0 0.29 6.3 <0.01
Intention 6.9 19 0.18 3.7 <0.01
Habit 9.9 2.1 0.22 4.7 <0.01

4 Intercept -138.6 486 -2.8 <0.01
PA_t1 0.2 0.0 0.29 6.2 <0.01
Intention 7.1 1.8 0.18 39 <0.01
Habit 89 2.1 0.20 4.1 <0.01
Self-regulation 30 1.2 0.11 26 0.01

5 Intercept -175.0 51.7 -34 <0.01
PA_t1 0.2 0.0 0.28 6.1 <0.01
Intention 6.5 1.9 0.17 35 <0.01
Habit 7.7 22 017 34 <0.01
Self-regulation 2.5 1.2 0.09 22 0.03
Affect 86 43 0.09 20 0.04

6 Intercept -141.8 106.7 -13 0.18
PA_t1 0.2 0.0 0.28 6.1 <0.01
Intention 35 8.7 0.09 04 0.69
Habit 7.7 22 0.17 34 <0.01
Self-regulation 1.7 2.7 0.06 0.6 0.53
Affect 8.8 43 0.10 2.1 0.04
Inter_SR x Int 0.1 0.2 0.09 0.4 0.72

7 Intercept -23.5 1134 -0.2 0.84
PA_t1 0.2 0.0 0.27 6.0 <0.01
Intention -11.0 10.0 -0.28 -1.1 0.27
Habit 7.0 2.2 0.16 3.1 <0.01
Self-regulation 30 2.7 0.1 1.1 0.26
Affect -1 8.1 -0.12 -14 0.17
Inter_SR x Int 0.0 0.2 -0.04 -0.2 087
Inter_Aff x Int 22 0.8 0.61 29 <0.01

Note: IV=independent variable; b=unstandardized regression coefficient; std. error=standard error; Beta=standardized regression coefficient; t=t-value;
p=probability value; PA_t1=moderate to vigorous PA at t1; Inter_SR x Int=Interaction between trait self-regulation and intention; Inter_Aff x Int=Interaction

between affect and intention

was significant (»=0.046; Boot SE=0.017; t=2.7; df=1;
p=0.04), so Hypothesis 5 is supported.

In the fourth step, the inclusion of the variable self-reg-
ulation significantly increased the amount of explained
variance by 1.1%. From Step 3 to Step 4, the standardized
regression coefficients of past PA, intention, and automa-
ticity were only marginally affected.

In the fifth step, the inclusion of affect in the regres-
sion significantly increased the amount of explained
variance by 0.7%. The effects of the other variables in
the regression remained relatively stable. However,
additional mediation analyses revealed that the three-
fold indirect effect of past behavior via affect and habit
on future behavior was statistically significant (b=0.013;
Boot SE=0.005; t=2.6; df=1; p=0.04), indicating that

the effect of past behavior on affect, the effect of affect
on habit, and the effect of habit on future PA were all
significant. In this sense, Hypothesis 6 was empirically
supported.

In the sixth step, the interaction between self-regu-
lation and intention did not significantly contribute to
the explanation of the variance of future PA. However,
by including this interaction in the regression model,
the main effects of intention and self-regulation were no
longer statistically significant. Hypothesis 7 could not be
supported by the results.

In the seventh and final step, including the interac-
tion between affect and intention in the regression sig-
nificantly increased the amount of explained variance
by 1.4%. By including this variable in the regression, the
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main effect of affect was no longer statistically signifi-
cant. Figure 3 illustrates the interaction effect. When the
valence of affect is rather negative, the effect of intention
on behavior is low, and the slope is not statistically sig-
nificant (b=4.1; SE=2.2; t=1.9; df=1; p=0.063). How-
ever, when the valence of affect was rather positive, the
behavioral intention had a significant effect (b=13.6;
SE=2.5; t=5.5; df=1; p<0.01). Thus, Hypothesis 8 can
be accepted. In this last step of the regression analysis,
only past behavior, habit, and the interaction between
affect and intention had a statistically significant effect on
future PA.

Discussion
The main purpose of this study was to provide the first
comprehensive empirical test of the PAAM model, based
on a multi-national sample. At least, ten hypotheses can
be derived from the PAAM model, of which eight were
subjected to empirical testing in this study. Results con-
firmed seven of the eight tested hypotheses. The implica-
tions of each confirmed hypothesis are discussed in the
subsequent sections.

Consistent with the assumptions of the PAAM model,
our findings provide empirical evidence for the predic-
tive role of past PA, intention, and habit on PA behavior

Page 9 of 14

(hypotheses 1-3). Past PA has been widely recognized
as a strong predictor of future PA [83, 84], although it is
not necessarily a stable behavior [85]. Intention, which
reflects the motivation to engage in PA, is a crucial factor
in predicting PA, as demonstrated by previous research
[34]. Our study further supports the notion that inten-
tion is a more relevant predictor of PA behavior than past
behavior. Moreover, our findings indicate that habit is a
significant predictor of PA behavior, even after account-
ing for the influence of past PA behavior and intention,
and despite intention and habit showing a relatively high
correlation (r=0.45). This suggests that habits play a sig-
nificant role in regulating PA behavior and that complex
behaviors may be regulated by both explicit and implicit
processes. It is worth noting that more complex PA
behaviors are less likely to be performed automatically
due to the need for planning and preparation [49]. Our
results could also be interpreted in the context of dif-
ferent phases of behavior change, with intention being
more important in the adoption phase and automatic-
ity becoming more dominant in the maintenance phase.
This is consistent with the gradual shift over time from
explicit to implicit regulation of PA behavior, as proposed
by the PAAM model [26]. Future research could explore
this idea in longitudinal studies with longer observation
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periods, as habit formation appears to be a protracted
process [55].

One of the central assumptions of the PAAM model
is that the effects of past behavior are mediated by both
explicit (e.g., intention) and implicit processes (e.g., habit
and affect) [cf, 26]. These mediation hypotheses were
all supported by the results of the regression analysis.
Both intention and habit have a unique effect on future
behavior as well as a mediating effect of past behavior.
From the perspective of the PAAM model, the mediation
of PA intention (hypothesis 4) means that past behavior
serves as a basis for decision-making through the for-
mation of new intentions and the consolidation of exist-
ing ones. Studies within the context of the Theory of
Planned Behavior support this hypothesis, namely that
past behavior is a significant predictor of both intentions
and behavior [34]. The second mediation path via habit
(hypothesis 5) supports the assumption that a habit is
formed through behavior repetition in stable situations.
In this sense, habit is both the product of past behavior
and a predictor of future behavior. This hypothesis is
also supported by a large number of studies [cf., 86, 87].
Hypothesis 6 was also supported, with affect and habit
acting as a mediator chain between past and future PA,
highlighting the role of positive affective reactions in the
habit formation process.

In contrast to the predictions of the PAAM model, the
role of self-regulation in the current study was found to
be more complex (Hypothesis 7). Specifically, when trait
self-regulation was included in the regression analy-
sis along with past behavior, intention, and habit, it sig-
nificantly increased the amount of explained variance,
contradicting the predictions of the PAAM model [26].
However, when the interaction between self-regulation
and intention was included in the regression, the effect
of intention disappeared and the interaction was not
statistically significant, suggesting that the effect of the
interaction may be confounded by the main effects of
intention and self-regulation. These findings are inconsis-
tent with those of a previous study [38], which found a
significant interaction between self-regulation and inten-
tion in predicting PA behavior.

Trait self-regulation has been found to be associated
with health and PA behavior, but the mechanisms under-
lying this association are not fully understood [88, 89].
Some authors have suggested that individuals with higher
levels of trait self-regulation may be better at automating
their behavior by forming new habits [90, 91]. Consistent
with this hypothesis, studies have shown that PA hab-
its mediate the effect of self-regulation on both effortful
inhibition and behavioral automaticity in the context of
PA [89]. Furthermore, Pfeffer and Strobach [92] found
that trait self-regulation was positively associated with
PA automaticity (i.e., habit) and enhanced PA behavior
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through an indirect effect via this variable. These results
provide empirical evidence for the suggestion that indi-
viduals with better self-regulation can enact PA behav-
ior more automatically and effortlessly by relying on
stable habits; they do not need to exert much effort and
self-regulation (e.g., for deciding whether or not to be
physically active or for actively inhibiting strong temp-
tations that restrain them from being physically active).
This assumption is supported by the positive correlation
(r=0.22) between trait self-regulation and habit in our
study. Future studies should examine this additional path
within the complex assumptions of the PAAM model.

Focusing on classic models to predict PA behavior
(e.g., theory of planned behavior [14]), would not be suf-
ficient to explain the present findings. Since these models
mainly focus on explicit processes, they would overesti-
mate the impact of these processes. In turn, they would
not represent the importance of implicit processes (e.g.,
affect), which was demonstrated in the present study,
among others. Alternatively, the role of affect in the
PAAM model has been confirmed by the findings of this
study. The results suggest that affect experienced during
past PA behavior influences the development of hab-
its, which in turn influence future PA behavior. Positive
affect during PA behavior accelerates the development of
habits, while negative affect slows it down. Similar results
were found in the study by Weyland, Finne, Krell-Roesch
and Jekauc [93], where positive affective states at the end
of an exercise session supported habit formation. More-
over, the results of this study provide empirical support
for the PAAM model’s hypothesis 8, which suggests that
positive affective states facilitate the implementation
of intentions for PA. The significant interaction effect
between intention and affect observed in this study sug-
gests that individuals with higher levels of both inten-
tion and positive affect engage in PA behaviors 150 min
more per week than individuals with higher intention but
lower levels of positive affect. In this sense, the effect of
intention on PA behavior appears to be highly dependent
on the level of positive affect. While the study by Kwan
and Bryan [94] was able to confirm the interaction effect,
the study by Finne, Nigg, Weyland, Sauzet, Wienke and
Jekauc [95] did not find empirical support. Nonetheless,
a review by Rhodes, Cox and Sayar [19] indicated that
affect-based variables, such as affective attitudes, can
moderate the intention-behavior relationship. Further
research is necessary to elucidate the complex interaction
between affect and other variables in the PAAM model
[19].

Strengths and limitations

One of the strengths of the current study is the relatively
large and multinational sample, which enhances the
generalizability of the findings. Additionally, the study’s
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strictly hypothesis-driven approach and prospective
design are noteworthy strengths. Moreover, all predic-
tors were recorded before the criterion, so the criterion
of temporal precedence was given.

However, several limitations of the study should also
be acknowledged. First, the inclusion of only two points
of measurement may restrict our ability to capture the
nuanced within-person variations that are pivotal for a
more dynamic analysis of the intention-behavior rela-
tionship. In many instances, the stability of intention has
been identified as a crucial predictor of behavior, serving
as a moderator in the intention-behavior dynamic [96].
A more detailed exploration of these fluctuations would
necessitate intensive longitudinal studies, employing
methodologies such as ecological momentary assessment
to garner a deeper understanding of these processes
over time [97]. Second, both times of measurements
were only four weeks apart, which allows the investiga-
tion of PA adaptation and maintenance across only a lim-
ited time range. Third, the attrition rate (38-53%) is also
a weakness of this study that could have created bias in
the results. However, the results show that the attrition
was rather random. Fourth, PA behavior was assessed
retrospectively and subjectively, which may have led to
social desirability effects. Fifth, the study mainly included
a younger sample with high education. Therefore, exter-
nal validity of the results is limited to this specific popu-
lation. Sixth, we acknowledge the inherent limitations
of the measurement tools employed to assess implicit
and explicit processes. While we have utilized the most
validated instruments available, these tools may not fully
capture the nuanced dynamics of these processes, poten-
tially impacting the depth of our insights into the inter-
play between intentions, habits, and physical activity
behavior. Lastly, the four EF tests used in the study could
not be used to test some of the hypotheses due to tech-
nical limitations in the data collection process. Future
studies should consider using soundproof cabins and
conducting assessments in laboratory settings to mini-
mize such limitations.

Implications for research and practice

Future research should consider employing longitudinal
designs with multiple times of measurement to observe
PA behavior over extended time periods, such as the
process of habit formation and its impact on future PA
behavior. The interplay of implicit and explicit processes
can also be observed in these studies, which is a central
tenet of the PAAM model. One approach is to use ambu-
latory assessment, which involves the flexible recording
of both behavior and its determinants using smartphones
in real-time situations [98]. Ambulatory assessment has
been shown to be a reliable and valid method for assess-
ing PA behavior and its determinants [99], and it provides
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more ecologically valid and contextually rich data than
traditional laboratory-based assessments. Therefore,
future studies could utilize ambulatory assessment to
provide a more comprehensive understanding of the
complex interplay between implicit and explicit determi-
nants of PA behavior.

The findings of this study have important implica-
tions for practice, particularly for interventions aimed at
increasing PA behavior. While the findings of this study
underscore the PAAM model’s emphasis on the integra-
tion of explicit and implicit processes for enhancing PA
behavior change, it is important to acknowledge that this
dual-process approach resonates with the principles of
several other behavior change models. This convergence
suggests a broader applicability of interventions that
engage both conscious planning and automatic behavior
patterns across different theoretical frameworks. Spe-
cifically, interventions that incorporate strategies such
as goal setting, planning, and self-monitoring may target
explicit processes [100], while interventions that incor-
porate strategies such as habit formation, environmen-
tal cues, and automaticity may target implicit processes
[101, 102]. Furthermore, the finding that affect was a sig-
nificant predictor of PA behavior suggests that interven-
tions should aim to change individuals’ affective states.
This could be achieved through various strategies such
as promoting perceived competence, social interaction
between participants, novelty experiences, and physical
exertion after the training [103, 104].

Conclusion

The present study aimed to test a large set of assumptions
of the PAAM model in a comprehensive way. The results
supported seven of the eight examined hypotheses,
indicating that intentions and habits significantly medi-
ated the effects of past behavior on future PA behavior.
Additionally, it was demonstrated that the effect of past
behavior on future behavior was significant through a
mediation chain involving affect and habit. Although the
hypothesis that trait self-regulation moderates the inten-
tion-behavior relationship was not supported, a signifi-
cant moderation effect of affect on the same relationship
was observed. The current study’s findings have impor-
tant implications for theory and practice related to PA
behavior. The results suggest that interventions targeting
both explicit and implicit processes may be more effec-
tive in promoting PA behavior change.

Acknowledgements
We acknowledge support by the KIT-Publication Fund of the Karlsruhe
Institute of Technology.

Author contributions

DJ was responsible for writing the manuscript. IP, TS and CE revised the
manuscript. All authors accepted the manuscript in the actual form. IP, CG &
CE developed the design and methods of the study. DJ, CG, CE, TS, GB, SB, DB,



Jekauc et al. BMC Public Health (2024) 24:1239

LF, MG, JG, MM, NT, & IP contributed to data collection and approved the final
manuscript. All authors reviewed the manuscript.

Funding

We acknowledge support by the KIT-Publication Fund of the Karlsruhe
Institute of Technology. This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.

Open Access funding enabled and organized by Projekt DEAL.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Approval of the ethics committee and consent to participate

By submitting this manuscript, we affirm that the work described therein
meets all ethical publication standards and adheres to the latest guidelines of
the APA manual. Furthermore, we declare that the submission is original, has
not been published previously, and is not under consideration for publication
elsewhere. The study was approved by the Ethics Committee of the Medical
School Hamburg (MSH-2020/106) and conducted in accordance with the
Declaration of Helsinki. Informed consent was obtained from all participants
involved in the study. For subjects under the age of 16, informed consent was
also obtained from a parent and/or legal guardian. We affirm that the content
in this submission is original, has not been previously published, and is not
under consideration elsewhere.

Consent for publication
Not applicable.

Competing interests

None of the authors have financial and personal relationships with other
individuals or organizations that could inappropriately influence (allow to
influence) their work.

Received: 23 November 2023 / Accepted: 14 April 2024
Published online: 06 May 2024

References

1. Warburton DE, Bredin SS. Health benefits of physical activity: a systematic
review of current systematic reviews. Curr Opin Cardiol. 2017;32(5):541-56.

2. Chrysant SG, Chrysant GS. Association of physical activity and trajectories
of physical activity with cardiovascular disease. Expert Rev Cardiovasc
Ther. 2023;21(2):87-96. https://doi.org/10.1080/14779072.2023.2174102.
2023/02/01.

3. Aune D, Norat T, Leitzmann M, Tonstad S, Vatten LJ. Physical activity and
the risk of type 2 diabetes: a systematic review and dose-response meta-
analysis. Eur J Epidemiol. 2015;2015/07(01):529-42. https://doi.org/10.1007/
$10654-015-0056-z.

4. Rezende LFMd S3, THd, Markozannes G, Rey-Lopez JP, Lee |-M, Tsilidis KK,
loannidis JPA, Eluf-Neto J. Physical activity and cancer: an umbrella review
of the literature including 22 major anatomical sites and 770 000 can-
cer cases. Br J Sports Med. 2018;52(13):826-33. https://doi.org/10.1136/
bjsports-2017-098391.

5. Imboden C, Claussen MC, Seifritz E, Gerber M. Physical activity for the treat-
ment and prevention of depression: a rapid review of meta-analyses. Dtsch Z
flr Sportmedizin. 2021,72(6):280-7.

6.  Biddle SJ, Ciaccioni S, Thomas G, Vergeer I. Physical activity and mental health
in children and adolescents: an updated review of reviews and an analysis of
causality. Psychol Sport Exerc. 2019;42:146-55.

7. Bherer L, Erickson K, Liu-Ambrose T. A review of the effects of Physical Activ-
ity and Exercise on Cognitive and Brain functions in older adults. J Aging Res.
2013 2013/09/11;2013:657508. https://doi.org/10.1155/2013/657508.

8. Saezde Asteasu ML, Martinez-Velilla N, Zambom-Ferraresi F, Casas-Herrero A,
Izquierdo M. Role of physical exercise on cognitive function in healthy older
adults: a systematic review of randomized clinical trials. Ageing Res Rev. 2017
2017/08/01/;37:117-34. https://doi.org/10.1016/j.arr.2017.05.007.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

Page 12 of 14

Zenko Z, Willis EA, White DA. Proportion of adults meeting the 2018 physical
activity guidelines for americans according to accelerometers. Front Public
Health. 2019;7:135.

Gabay M, OrAaitan M. The factors affecting adherence to physical activity in
fitness facility settings: a narrative review. Timisoara Phys Educ Rehabilitation
1.2022;15:29.

Rodrigues F, Bento T, Cid L, Pereira Neiva H, Teixeira D, Moutao J, Almeida
Marinho D, Monteiro D. Can interpersonal behavior influence the persistence
and adherence to physical exercise practice in adults? A systematic review.
Front Psychol. 2018:2141.

Bolin K. Physical inactivity: productivity losses and healthcare costs 2002 and
2016 in Sweden. BMJ Open Sport Exerc Med. 2018;4(1):e000451. https://doi.
0org/10.1136/bmjsem-2018-000451.

Candari CJ, Cylus J, Nolte E. Assessing the economic costs of unhealthy diets
and low physical activity: An evidence review and proposed framework. Vol.
47.WHO Regional Office for Europe; 2017. ISBN: 928905042X.

Ajzen 1. The theory of planned behavior. Organ Behav Hum Decis Process.
1991,50(2):179-211.

Bandura A. Self-efficacy: the exercise of control. New York, NY: Freeman; 1997.
Rhodes RE, Dickau L. Experimental evidence for the intention-behavior
relationship in the physical activity domain: a meta-analysis. Health Psychol.
2012,31(6):724-7.

André N, Laurencelle L. Where do the conceptual models for behaviour
change come from, and how are they used? A critical and constructive
appraisal. Quant Methods Psychol. 2020;16(1):1-8.

McEachan R, Taylor N, Harrison R, Lawton R, Gardner P, Conner M. Meta-
analysis of the reasoned action approach (RAA) to understanding health
behaviors. Ann Behav Med. 2016;50(4):592-612.

Rhodes RE, Cox A, Sayar R. What predicts the physical activity intention—
behavior gap? A systematic review. Ann Behav Med. 2022,56(1):1-20.
Marteau TM, Hollands GJ, Fletcher PC. Changing human behavior to

prevent Disease: the importance of targeting automatic processes. Science.
2012;337(6101):1492-5. https://doi.org/10.1126/science.1226918.

Jekauc D, Volkle M, Wagner MO, Mess F, Reiner M, Renner B. Prediction of
attendance at fitness center: a comparison between the theory of planned
behavior, the social cognitive theory, and the physical activity maintenance
theory. Front Psychol. 2015;6:121.

Rhodes RE, McEwan D, Rebar AL. Theories of physical activity behaviour
change: a history and synthesis of approaches. Psychol Sport Exerc.
2019;42:100-9.

Brand R, Ekkekakis P. Affective-reflective theory of physical inactivity and
exercise. German J Exerc Sport Res. 2018;48(1):48-58.

Aulbach MB, Konttinen H, Gardner B, Kujala E, Araujo-Soares V, Sniehotta

FF, Lintunen T, Haukkala A, Hankonen N. A dual process model to predict
adolescents’screen time and physical activity. Psychol Health. 2021:1-20.
Rebar AL. Automatic regulation used in Sport and Exercise Research. Oxford
University Press; 2017.

Strobach T, Englert C, Jekauc D, Pfeffer I. Predicting adoption and mainte-
nance of physical activity in the context of dual-process theories. Perform
Enhancement Health. 2020;8(1):100162.

Hofmann W, Friese M, Roefs A. Three ways to resist temptation: the inde-
pendent contributions of executive attention, inhibitory control, and affect
regulation to the impulse control of eating behavior. J Exp Soc Psychol.
2009;45(2):431-5. https://doi.org/10.1016/j.jesp.2008.09.013.

Strack F, Deutsch R. Reflective and impulsive determinants of social behavior.
Personality Social Psychol Rev. 2004,8(3):220-47.

Kahneman D.Thinking, fast and slow. New York, NY: Pinguin Group; 2011.
Englert C, Rummel J. 1 want to keep on exercising but | don't: the negative
impact of momentary lacks of self-control on exercise adherence. Psychol
Sport Exerc. 2016;26:24-31.

Chaiken S, Trope Y. Dual-process theories in social psychology. Guilford Press;
1999. 1SBN: 1572304219.

Baumeister RF, Bratslavsky E, Muraven M, Tice DM. Ego depletion: is the active
self a limited resource? J Pers Soc Psychol. 1998;74(5):1252-65.

McDermott MS, Sharma R, Andrews M, Akter S, Iverson D, Caputi P, Coltman T,
Safadi M. The moderating impact of temporal separation on the association
between intention and physical activity: a meta-analysis. Psychol Health Med.
2016 2016/07/03;21(5):625-31. https://doi.org/10.1080/13548506.2015.10803
71

Hagger MS, Chatzisarantis NLD, Biddle SJH. A meta-analytic review of the the-
ories of reasoned action and planned behavior in physical activity: predictive
validity and the contribution of additional variables. J Sport Exerc Psychol.


https://doi.org/10.1080/14779072.2023.2174102
https://doi.org/10.1007/s10654-015-0056-z
https://doi.org/10.1007/s10654-015-0056-z
https://doi.org/10.1136/bjsports-2017-098391
https://doi.org/10.1136/bjsports-2017-098391
https://doi.org/10.1155/2013/657508
https://doi.org/10.1016/j.arr.2017.05.007
https://doi.org/10.1136/bmjsem-2018-000451
https://doi.org/10.1136/bmjsem-2018-000451
https://doi.org/10.1126/science.1226918
https://doi.org/10.1016/j.jesp.2008.09.013
https://doi.org/10.1080/13548506.2015.1080371
https://doi.org/10.1080/13548506.2015.1080371

Jekauc et al. BMC Public Health

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

(2024) 24:1239

2002;24(1):3-32. https://doi.org/10.1123/jsep.24.1.3. Cited in: Pubmed; PMID
2002-12499-001.

Sitzmann T, Ely K. A meta-analysis of self-regulated learning in work-related
training and educational attainment: what we know and where we need to
go. Psychol Bull. 2011;137(3):421-42.

Hakun JG, Findeison MA. Cognitive control moderates the health

benefits of trait self-regulation in young adults. Pers Indiv Differ. 2020
2020/01/01/;152:109572. https://doi.org/10.1016/j.paid.2019.109572.

Pfeffer |, Strobach T. Executive functions, trait self-control, and the
intention-behavior gap in physical activity behavior. J Sport Exerc Psychol.
2017;39(4):277-92. https://doi.org/10.1123/jsep.2017-0112. Cited in: Pubmed;
PMID 29064317.

Pfeffer I, Strobach T. Physical activity automaticity, intention, and trait self-
control as predictors of physical activity behavior - a dual-process perspec-
tive. Psychology, Health & Medicine; 2020.

Hofmann W, Schmeichel BJ, Baddeley AD. Executive functions and self-
regulation. Trends Cogn Sci. 2012;16(3):174-80. https://doi.org/10.1016/j.
1ics.2012.01.006. Cited in: Pubmed; PMID 2012-06084-012.

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The
unity and diversity of executive functions and their contributions to complex
frontal lobe tasks: a latent variable analysis. Cogn Psychol. 2000;41(1):49-100.
Pfeffer I, Strobach T. Influence of a planning intervention on physical activity
behavior: the moderating role of intentions and executive functions in a
randomized controlled trial. Int J Behav Med. 2020:27(5):506.

Audiffren M, André N. The exercise—cognition relationship: a virtuous circle. J
Sport Health Sci. 2019;8(4):339-47.

Wilkowski BM, Robinson MD. Chapter 15 - cognitive control processes under-
lying individual differences in self-control. In: Hirt ER, Clarkson JJ, Jia L, editors.
Self-regulation and Ego control. San Diego: Academic; 2016. pp. 301-24.
Karremans JC, Pronk TM, van der Wal RC. Executive control and relationship
maintenance processes: an empirical overview and theoretical integration.
Soc Pers Psychol Compass. 2015;9(7):333-47.

AllomV, Panetta G, Mullan B, Hagger MS. Self-report and behavioural
approaches to the measurement of self-control: are we assessing the same
construct? Pers Indiv Differ. 2016;,90:137-42.

Frith CD, Frith U. Implicit and explicit processes in Social Cognition. Neuron.

2008 2008/11/06/;60(3):503-10. https://doi.org/10.1016/j.neuron.2008.10.032.

Veen W, Carter CS. Conflict and cognitive control in the brain. Curr Dir Psy-
chol Sci. 2006;15(5):237-40.

Pfeffer I, Englert C, Miller-Alcazar A. Perceived stress and trait self-control
interact with the intention-behavior gap in physical activity behavior.

Sport Exerc Perform Psychol. 2020,9(2):244-60. https://doi.org/10.1037/
spy0000189.

Hagger MS. Redefining habits and linking habits with other implicit pro-
cesses. Psychol Sport Exerc. 2020;46:101606.

Baumeister RF, Vohs KD, DeWall NC, Zhang L. How emotion shapes behavior:
feedback, anticipation, and reflection, rather than direct causation. Personal-
ity Social Psychol Rev. 2007;11(2):167-203.

Jekauc D, Brand R. How do emotions and feelings regulate physical activity?
Front Psychol. 2017,8:1145.

Jekauc D. Enjoyment during exercise mediates the effects of an intervention
on exercise adherence. Psychology. 2015;6(01):48.

Teixeira DS, Rodrigues F, Cid L, Monteiro D. Enjoyment as a predictor of
exercise habit, intention to continue exercising, and exercise frequency: the
intensity traits discrepancy moderation role. Front Psychol. 2022;13.
Backhouse SH, Ekkekakis P, Biddle SJ, Foskett A, Williams C. Exercise makes
people feel better but people are inactive: paradox or artifact? J Sport Exerc
Psychol. 2007;29(4):498-517.

Lally P, Gardner B. Promoting habit formation. Health Psychol Rev.
2013;7(sup1):5137-58.

Feil K, Allion S, Weyland S, Jekauc D. A systematic review examining the rela-
tionship between habit and physical activity behavior in longitudinal studies.
Front Psychol. 2021;12:626750.

Gardner B, de Bruijn G-J, Lally P. A systematic review and meta-analysis of
applications of the self-report habit index to nutrition and physical activity
behaviours. Ann Behav Med. 2011:42(2):174-87.

Gardner B, Lally P. Modelling habit formation and its determinants. In: Ver-
planken B, editor. The psychology of habit: theory, mechanisms, Change, and
contexts. Cham: Springer International Publishing; 2018. pp. 207-29.

de Bruijn G-J, Kremers SPJ, Singh A, van den Putte B, van Mechelen W.

Adult active transportation: adding habit strength to the theory of Planned

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 13 of 14

Behavior. Am J Prev Med. 2009;36(3):189-94. https://doi.org/10.1016/j.
amepre.2008.10.019. 2009/03/01/;.

Ji MF, Wood W. Purchase and Consumption Habits: Not Necessarily What You
Intend. Journal of Consumer Psychology. 2007 2007/10/01/;17(4):261-276.
https://doi.org/10.1016/S1057-7408(07)70037-2.

Knussen C, Yule F, MacKenzie J, Wells M. An analysis of intentions to

recycle household waste: the roles of past behaviour, perceived habit, and
perceived lack of facilities. J Environ Psychol. 2004;24(2):237-46. https://doi.
0rg/10.1016/}jenvp.2003.12.001. 2004/06/01/;.

Gardner B, Lally P, Rebar AL. Does habit weaken the relationship between
intention and behaviour? Revisiting the habit-intention interaction hypoth-
esis. Soc Pers Psychol Compass. 2020;14(8):e12553. https://doi.org/10.1111/
Spc3.12553.

Rodrigues F, Teixeira D. Testing assumptions of the physical activ-

ity adoption and maintenance model: a longitudinal perspective of

the relationships between intentions and habits on Exercise Adher-

ence. Percept Mot Skills. 2023;130(5):00315125231188240. https://doi.
0rg/10.1177/00315125231188240. Cited in: Pubmed; PMID 37423760.
Bertrams A, Dickhduser O. Messung dispositioneller selbstkontroll-kapazitét:
eine deutsche adaptation Der Kurzform Der self-control scale (SCS-KD).
Diagnostica. 2009;55(1):2-10.

Tangney JP, Boone AL, Baumeister RF. High self-control predicts good
adjustment, less pathology, better grades, and interpersonal success. J Pers.
2018;72(2):271-324.

Gurdere C, Bottesi G, Pfeffer |, Carraro E, Ghisi M. The Italian validation of the
brief self-control scale: a preliminary analysis. J Evidence-Based Psychothera-
pies. 2022;22(2):103-14.

Craig CL, Marshall AL, Sjéstrém M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P. International physical activ-

ity questionnaire: 12-country reliability and validity. Med Sci Sports

Exerc. 2003 2003/08//;35(8):1381-1395. eng. https://doi.org/10.1249/01.
mss.0000078924.61453 fb. Cited in: Pubmed; PMID 12900694.

Hallal PC, Victora CG. Reliability and validity of the international physical activ-
ity questionnaire (IPAQ). Med Sci Sports Exerc. 2004;36(3):556.

Gardner B, Abraham C, Lally P, de Bruijn G-J. Towards parsimony in habit
measurement: testing the convergent and predictive validity of an automa-
ticity subscale of the self-report habit index. Int J Behav Nutr Phys Activity.
2012:9(1):1-12.

Thurn J, Finne E, Brandes M, Bucksch J. Validation of physical activity habit
strength with subjective and objective criterion measures. Psychol Sport
Exerc. 2014;15(1):65-71.

Hardy CJ, Rejeski WJ. Not what, but how one feels: the measurement of
Affect during Exercise. J Sport Exerc Psychol 1989 01 Sep. 1989;11(3):304-17.
https://doi.org/10.1123/jsep.11.3.304. English.

Maibach M, Niedermeier M, Sudeck G, Kopp M. Erfassung Unmittelbarer
Affektiver Reaktionen auf korperliche Aktivitat. Z fir Sportpsychologie.
2020;27(1):4-12.

Von Bastian CC, Locher A, Ruflin M, Tatool. A Java-based open-source
programming framework for psychological studies. Behav Res Methods.
2013;45(1):108-15.

Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135-68.
Eriksen BA, Eriksen CW. Effects of noise letters upon the identification of a
target letter in a nonsearch task. Percept Psychophys. 1974;16(1):143-9.

Lu C-H, Proctor RW. The influence of irrelevant location information on per-
formance: a review of the Simon and spatial Stroop effects. Psychon Bull Rev.
1995,2(2):174-207.

Simon JR. The effects of an irrelevant directional cue on human information
processing. Advances in psychology. Vol 65. Elsevier; 1990. pp. 31-86.
Smith EE, Jonides J. Working memory: a view from neuroimaging. Cogn
Psychol. 1997;33(1):5-42.

Miyake A, Friedman NP. The Nature and Organization of Individual Differ-
ences in Executive Functions:four general conclusions. Curr Dir Psychol

Sci. 2012;21(1):8-14. https://doi.org/10.1177/0963721411429458. Cited in:
Pubmed; PMID 22773897.

Hayes AF. Introduction to mediation, moderation, and conditional process
analysis: A regression-based approach. New York: Guilford; 2017. ISBN:
1462534651,

Jekauc D, Volkle M, Ldmmle L, Woll A. Fehlende Werte in Sportwissen-
schaftlichen Untersuchungen [Missing values in sport scientific studies.

A practical guide to multiple imputation with SPSS]. Sportwissenschaft.
2012;42(2):126-36.


https://doi.org/10.1123/jsep.24.1.3
https://doi.org/10.1016/j.paid.2019.109572
https://doi.org/10.1123/jsep.2017-0112
https://doi.org/10.1016/j.tics.2012.01.006
https://doi.org/10.1016/j.tics.2012.01.006
https://doi.org/10.1016/j.neuron.2008.10.032
https://doi.org/10.1037/spy0000189
https://doi.org/10.1037/spy0000189
https://doi.org/10.1016/j.amepre.2008.10.019
https://doi.org/10.1016/j.amepre.2008.10.019
https://doi.org/10.1016/S1057-7408(07)70037-2
https://doi.org/10.1016/j.jenvp.2003.12.001
https://doi.org/10.1016/j.jenvp.2003.12.001
https://doi.org/10.1111/spc3.12553
https://doi.org/10.1111/spc3.12553
https://doi.org/10.1177/00315125231188240
https://doi.org/10.1177/00315125231188240
https://doi.org/10.1249/01.mss.0000078924.61453.fb
https://doi.org/10.1249/01.mss.0000078924.61453.fb
https://doi.org/10.1123/jsep.11.3.304
https://doi.org/10.1177/0963721411429458

Jekauc et al. BMC Public Health

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

(2024) 24:1239

Rubin D. Multiple imputation for nonresponse in surveys. Wiley; 1987. (New
York).

Rodrigues F, Figueiredo N, Teixeira D, Cid L, Monteiro D. The relationship
between past exercise behavior and future exercise adherence: a sequential
mediation analysis. J Sports Sci. 2022;40(18):2095-101.

Rodrigues F, Teixeira DS, Cid L, Monteiro D. Have you been exercising lately?
Testing the role of past behavior on exercise adherence. J Health Psychol.
2021,26(10):1482-93.

Friedman HS, Martin LR, Tucker JS, Criqui MH, Kern ML, Reynolds CA. Stability
of physical activity across the lifespan. J Health Psychol. 2008;13(8):1092-104.
Gardner B, Lally P. Does intrinsic motivation strengthen physical activity
habit? Modeling relationships between self-determination, past behaviour,
and habit strength. J Behav Med. 2013;36(5):488-97.

Danner UN, Aarts H, De Vries NK. Habit vs. intention in the prediction of
future behaviour: the role of frequency, context stability and mental acces-
sibility of past behaviour. Br J Soc Psychol. 2008;47(2):245-65.

Adriaanse MA, Kroese FM, Gillebaart M, de Ridder DTD. Effortless inhibi-
tion: habit mediates the relation between self-control and unhealthy

snack consumption. Front Psychol. 2014;5:444. https://doi.org/10.3389/
fpsyg.2014.00444. Cited in: Pubmed; PMID 2014-41893-001.

Galla BM, Duckworth AL. More than resisting temptation: beneficial habits
mediate the relationship between self-control and positive life outcomes.
JPersonal Soc Psychol. 2015;109(3):508-25. https://doi.org/10.1037/
pspp0000026. Cited in: Pubmed; PMID 2015-03943-001.

Baumeister RF, Alquist JL. Is there a downside to good self-control? Self
Identity. 2009;8(2-3):115-30.

de Ridder DTD, Lensvelt-Mulders G, Finkenauer C, Stok FM, Baumeister RF.
Taking stock of self-control: a meta-analysis of how trait self-control relates to
a wide range of behaviors. Personality Social Psychol Rev. 2012;16(1):76-99.
Cited in: Pubmed; PMID 2011-30199-004.

Pfeffer I, Strobach T. Behavioural automaticity moderates and mediates the
relationship of trait self-control and physical activity behaviour. Psychol
Health. 2018;33(7):925-40. https://doi.org/10.1080/08870446.2018.1436176.
Weyland S, Finne E, Krell-Roesch J, Jekauc D. (How) does affect influence the
formation of habits in Exercise? [Original Research]. Frontiers in psychol-
0gy. 2020 2020-October-23;11(2866). English. https://doi.org/10.3389/
fpsyg.2020.578108.

Kwan BM, Bryan A. In-task and post-task affective response to exer-

cise: translating exercise intentions into behaviour. Brit J Health Psych.
2010;15(1):115-31.

95.

96.

102.

98.

99.

102.

103.

104.

Page 14 of 14

Finne E, Nigg C, Weyland S, Sauzet O, Wienke B, Jekauc D. Examining the role
of affective states in relation to exercise intentions and participation in extra-
curricular exercise classes at university: a repeated measurement observa-
tional study. Front Psychol. 2022;13:815466.

Conner M, Godin G. Temporal stability of behavioural intention as a mod-
erator of intention-health behaviour relationships. Psychol Health. 2007
2007/12/01;22(8):875-97. https://doi.org/10.1080/14768320601070449.
Dunton GF. Ecological Momentary Assessment in Physical Activity Research.
Exerc Sport Sci Rev. 2017;45(1):48-54. eng. https://doi.org/10.1249/
jes.0000000000000092. Cited in: Pubmed; PMID 27741022.

Reichert M, Giurgiu M, Koch ED, Wieland LM, Lautenbach S, Neubauer AB,
von Haaren-Mack B, Schilling R, Timm I, Notthoff N, Marzi |, Hill H, Briler

S, Eckert T, Fiedler J, Burchartz A, Anedda B, Wunsch K, Gerber M, Jekauc D,
Woll A, Dunton GF, Kanning M, Nigg CR, Ebner-Priemer U, Liao Y. Ambulatory
assessment for physical activity research: state of the science, best practices
and future directions. Psychol Sport Exerc. 2020 2020/09/01/;50:101742.
https://doi.org/10.1016/j.psychsport.2020.101742.

Kanning M, Ebner-Priemer U, Schlicht W. Using activity triggered e-diaries to
reveal the associations between physical activity and affective states in older
adult’s daily living. Int J Behav Nutr Phys Activity. 2015;12(1):1-10.

. Harkin B, Webb TL, Chang BPI, Prestwich A, Conner M, Kellar |, Benn'Y, Sheeran

P. Does monitoring goal progress promote goal attainment? A meta-analysis
of the experimental evidence. Psychol Bull. 2016;142:198-229. https://doi.
0rg/10.1037/bul0000025.

. Lally P, van Jaarsveld CHM, Potts HWW, Wardle J. How are habits formed:

modelling habit formation in the real world. Eur J Social Psychol.
2010;40(6):998-1009. https://doi.org/10.1002/ejsp.674.

Verplanken B, Roy D. Empowering interventions to promote sustainable
lifestyles: testing the habit discontinuity hypothesis in a field experiment.

J Environ Psychol 2016 2016/03/01/;45:127-34. https://doi.org/10.1016/].
jenvp.2015.11.008.

Wienke B, Jekauc D. A qualitative analysis of emotional facilitators in exercise.
Front Psychol. 2016;7:1296.

Leisterer S, Jekauc D. Students’emotional experience in Physical Education—
A qualitative study for New Theoretical insights. Sports. 2019;7(1):10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3389/fpsyg.2014.00444
https://doi.org/10.3389/fpsyg.2014.00444
https://doi.org/10.1037/pspp0000026
https://doi.org/10.1037/pspp0000026
https://doi.org/10.1080/08870446.2018.1436176
https://doi.org/10.3389/fpsyg.2020.578108
https://doi.org/10.3389/fpsyg.2020.578108
https://doi.org/10.1080/14768320601070449
https://doi.org/10.1249/jes.0000000000000092
https://doi.org/10.1249/jes.0000000000000092
https://doi.org/10.1016/j.psychsport.2020.101742
https://doi.org/10.1037/bul0000025
https://doi.org/10.1037/bul0000025
https://doi.org/10.1002/ejsp.674
https://doi.org/10.1016/j.jenvp.2015.11.008
https://doi.org/10.1016/j.jenvp.2015.11.008

	﻿The contribution and interplay of implicit and explicit processes on physical activity behavior: empirical testing of the physical activity adoption and maintenance (PAAM) model
	﻿Abstract
	﻿Introduction
	﻿The physical activity adoption and maintenance model
	﻿Explicit processes and PA
	﻿Implicit processes and PA


	﻿The current study
	﻿Methods
	﻿Participants and procedure
	﻿Measures
	﻿Demographic information form
	﻿Trait self-regulation
	﻿PA behavior
	﻿PA intention
	﻿PA habit strength
	﻿Affective reaction during PA (valence)
	﻿Executive functions


	﻿Statistical analyses
	﻿Results
	﻿Descriptive statistics
	﻿Regression analysis

	﻿Discussion
	﻿Strengths and limitations
	﻿Implications for research and practice

	﻿Conclusion
	﻿References


