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INTRINSIC MOTIVATION AND COGNITION

Abstract

Objective. Among its health benefits, physical activity improves cognitive health, but the
strength of this association remains heterogeneous across studies. While previous research
focused on structural factors of physical activity as potential moderating factors (e.g.,
duration, type), we aimed to examine whether the type of motivation (i.e., intrinsic versus
extrinsic forms of motivation) could moderate the strength of the association between
physical activity and cognitive health.

Methods. Participants were 512 Canadian students (72% female and a mean age =20 + 5
years). Seven days after assessing their intrinsic and more extrinsic motivations toward
physical activity, moderate-to-vigorous physical activity and perceived cognitive health were
measured by questionnaire. Linear regression models were used to examine the moderating
effect of motivation on the association between physical activity and cognitive health.
Results. Intrinsic motivation moderated the association between moderate-to-vigorous
physical activity and self-reported cognitive health (f = .12, 95CI = .04; .20, p = .004). As
hypothesized, simple slope analyses showed that the association between moderate-to-
vigorous physical and cognitive health was positive when intrinsic motivation was high (at
sample mean + 1SD, B = .14, 95CI = .03; .25, p = .013), but not significant when intrinsic
motivation was low (at sample mean - 1SD, 3 =-.09, 95CI = -.24; .06, p = .220). However,
the moderating effect of extrinsic forms motivation was not significant (ps. > .071).
Conclusion. In addition to structural aspects of physical activity, it is important to consider
motivation toward physical activity when examining its effect on cognitive health.
Keywords: cognition, exercise, motivation, health, moderation.
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Intrinsic motivation magnifies the effects of physical activity on cognitive health

Engaging in regular physical activity has a myriad of health benefits (e.g., Warburton,
2006) and among its important benefits are those for cognitive health (Dupuy et al., 2024; Singh
et al., 2025) — here defined in reference to optimal cognitive abilities (Zou et al., 2024).
Engaging in this health behavior predicts a lower risk of dementia (Iso-Markku et al., 2022), as
well as it favors the maintenance of cognitive function across aging (Cheval et al., 2021; Hamer
et al., 2018). For example, a Mendelian Randomization (MR) study has recently supported the
beneficial causal role of physical activity on cognitive function (Cheval et al., 2023).

Although previous research has collectively demonstrated the potential importance of
physical activity as a modifiable lifestyle factor for cognitive health, it should also be noted that
the strength of the effects varies considerably between studies (Singh et al., 2025). Such
heterogeneous findings have encouraged researchers to better identify when physical activity
provides the greatest cognitive benefits. By focusing on the structural aspects of physical
activity, including its frequency, intensity, type, and duration, several candidate moderating
variables have been identified. For example, a meta-analysis found that coordinative exercise
was among the most promising types of physical activity for improving cognitive health (e.g.,
Ludyga et al., 2020). Although this focus on structural factors provides useful information for
physical activity recommendations, it neglects more experiential considerations, such as the
reasons that drive a person to engage in physical activity, and that may yet play a pivotal role
in explaining the association between physical activity and cognitive health. The present study
focuses on an overlooked potential moderating factor: peoples’ intrinsic motivation toward
physical activity.

The self-determination theory (SDT) distinguishes between behaviors that are done for
intrinsic and for more extrinsic motives (Ryan & Deci, 2017). Behaviors that are done because
they are inherently pleasurable and satisfying in themselves reflect intrinsic forms of
motivation. In contrast, extrinsic forms of motivation reflect behaviors that are pursued the
consequences to which it leads and not for what it provides in itself. Extrinsic motivation
encompasses more or less self-determined motives, ranging from integrated motivation
(because they reflect one’s core values), identified motivation (because they are personally
important), introjected motivation (because of internal pressures, such as guilt or shame), and
external motivation (because of external pressures, including external rewards or punishments).
There is a wealth of evidence that a high intrinsic motivation is associated with a higher long-
term engagement in physical activity (Teixeira et al., 2012), and promotes the development of
physical activity habits (Maltagliati et al., 2021, 2023).

In addition to promoting engagement in physical activity, emerging evidence suggests
that intrinsic motivation may also reinforce the health benefits of this behavior. For example,
in the mental health domain, individuals who reported positive affective responses while
exercising — responses frequently associated with intrinsic motivation — had more positive
outcomes afterward, such as higher self-esteem or well-being (Furzer et al., 2021; White et al.,
2018). A recent consensus statement emphasized that “to optimize the mental health benefits
of physical activity, activity selection should be guided by factors associated with adherence
and enjoyment as opposed to any specific type” (Vella et al., 2023). Following the same line of
reasoning, intrinsic motivation could also moderate the association between physical activity
and cognitive health. As stated by Diamond et al., (2016, p. 38), “there’s evidence that any
benefit of physical activity for cognition may be proportional to how much joy the physical
activity brings”.
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Although speculative, several mechanisms could support the potential moderating effect
of intrinsic motivation on the dose-response between physical activity and cognitive health. For
example, at the neurophysiological level, the beneficial effects of physical activity on brain
health are expected to rely on neurotransmitter signaling, including endogenous opiods (e.g.,
endorphins) or endocannabinoid (eCB) signaling, among other pathways (Hill et al., 2010). For
example, the secretion of anandamide — one of the most studied eCBs — is correlated with the
affective responses during moderate-intensity exercise (Raichlen et al., 2012). As such and
although associations are likely bidirectional, a high intrinsic motivation could stimulate the
secretion of endocannabinoid, which would in turn reinforce the cognitive benefits of physical
activity. Animal models suggest that eCBs are a key mechanism in the links between exercise,
spatial memory, and hippocampal neurogenesis, suggesting overlapping pathways between
(intrinsic) rewards and cognition in response to physical activity (Ferreira-Vieira et al., 2014).
Similarly, a review suggested that exercise-induced dopamine release — which is dependent on
the pleasure experienced during exercise — may be involved in the acute PA-cognition link (Hou
et al., 2024). Dopamine also appears to be a key regulator of the short-term improvement in
cognitive functions following acute physical exercise, as shown by a study using PET imaging,
which demonstrated that the improvement in reaction times during a Go-NoGo task was
correlated with dopamine release during exercise (Ando et al., 2024). At the behavioral level,
intrinsic motivation has been shown to robustly predict how much effort individuals are willing
to invest in learning new skills, their readiness to cooperate and take up new challenges, or to
find creative solutions when facing complex problems (Ryan & Deci, 2017). Holding a strong
intrinsic motivation could thus promote the engagement in more cognitively demanding and
physical activities. Yet, these so-called mindful types of physical activity are ultimately
expected to generate higher cognitive benefits (Diamond & Ling, 2016; but see also Hillman et
al., 2019). However, despite both theoretical and indirect empirical data consistent with a role
of intrinsic motivation in enhancing the cognitive benefits of physical activity, to the best of
our knowledge, the moderating effect of intrinsic motivation on the association between
physical activity and cognitive health has never been directly tested.

The present research

The aim of the current study was to examine whether intrinsic motivation moderates
the association between physical activity and self-reported cognitive health. We expected that
the association between physical activity and self-reported cognitive health would be stronger
for a high (vs. low) intrinsic motivation. Additionally, to better highlight the specific
mechanistic contribution of intrinsic motivation, we explored whether other types of
motivation (i.e., integrated, identified, introjected and external) significantly moderated the
association between physical activity and cognitive health.

Methods

Procedure and participants

Participants were undergraduate students recruited from the research participation pool
at a Canadian university in exchange for partial course credits. Participants all reported
sufficient English language proficiency. All participants followed the procedure online and
were asked to complete the study on a computer in a quiet environment. They first completed
an initial ~15-minute questionnaire assessing, among other variables, their type of motivation
toward physical activity. Seven days later, they were invited to complete a second
questionnaire, in which they self-reported their physical activity levels over the past week, and
rated their cognitive health. This seven-day period was selected in relation to evidence
showing that cognitive performance can be influenced by physical activity levels, even on
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narrow timeframe (Hakun et al., 2025). The study was approved by the Research Ethics Board
of the University of [blind for review].

In total, 522 English-speaking participants provided complete answers on the variables
of interest at both time points. Ten participants who reported implausible levels of physical
activity (i.e., > 25 hours of moderate-to-vigorous physical activity per week) were excluded.
Thus, 512 participants were included in the present analyses, with 72% of participants
identifying themselves as female and a mean age = 20 £ 5 years (Table 1).

Measures

Type of motivation: At the first timepoint, intrinsic motivation and other types of
motivation toward physical activity were assessed using two items (Sheldon & Elliot, 1998).
Participants were asked to rate the extent to which statements reflected their motivation to
engage in moderate-to-vigorous physical activity during leisure time. Answers were given on
a Likert scale ranging from 1 (Not true for me) to 5 (Very true for me). For intrinsic
motivation, two items were used: ‘I participate in physical activity because it’s fun’ and ‘I
find physical activity a pleasurable activity’. Scores on the two items were averaged to
compute a score of intrinsic motivation (a = .90). For more extrinsic motivation, two items
covered four forms of regulation: integrated motivation (e.g., ‘I consider physical activity a
fundamental part of who I am’), identified motivation (e.g. ‘I value the benefits of
participating in physical activity’), introjected motivation (e.g., ‘I feel ashamed when I miss a
physical activity session’) and external motivation (e.g., ‘I participate in physical activity
because other people say I should’). For each type of extrinsic motivation, scores were
averaged to create a score of integrated (o = .78), identified (o = .81), introjected (a = .83),
and external motivation (o = .78).

Level of physical activity: Seven days after completing the first questionnaire,
participants’ level of physical activity was measured using a modified version of the
International Physical Activity Questionnaire (Craig et al., 2003). Participants were asked to
report the amount of time (in hours and minutes) they spent in moderate physical activity,
vigorous physical activity, walking and sitting during their leisure time over the past seven
days. Unlike the original tool in which both weekly frequency of physical activity and time
spent practicing physical activity are reported, participants were here however not asked to
report the number of days spent per week in each of these activity categories. This version of
the questionnaire has been used in previous studies (Cheval, Sivaramakrishnan, et al., 2020).
Time spent in moderate-to-vigorous physical activity was considered as the main variable of
interest.

Current self-reported cognitive health: Seven days after completing the first
questionnaire, participants rated their cognitive health over the last seven days using six items
from the Patient-Reported Outcomes Measurement Information System (PROMIS) (Lai et al.,
2014). The six items covered different aspects of cognitive functioning : ‘My memory has
been as good as usual’; ‘I have been able to concentrate’; ‘My thinking has been as fast as
usual’; ‘I have been able to keep track of what I am doing, even if I am interrupted’; ‘I have
been able to think clearly without extra effort’. Participants answered on a Likert scale
ranging from 1 (Not at all) to 5 (Very much). Other studies showed that this scale was
associated with other measures of cognitive performance and cognitive decline among older
adults (Howland et al., 2017). In the present study, internal consistency was good, with
Cronbach’s o = 91.
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Statistical analyses

Main analyses

To examine the potential moderating effect of intrinsic motivation toward physical
activity on the association between physical activity and cognitive health, a first linear
regression model was performed. This model included an interactive term between moderate-
to-vigorous physical activity and intrinsic motivation. If the interaction term was significant,
simple slope analyses were then performed to decompose the interaction. To estimate the
threshold of intrinsic motivation above which the association between moderate-to-vigorous
physical activity and cognitive health becomes significant, we performed region of
significance analyses using the Johnson-Neyman method (Bauer & Curran, 2005). A second
set of models were computed using each type of motivation as moderating variable. Statistical
assumptions associated with linear regressions (i.e., normality of the residuals, linearity,
multicollinearity, and undue influence) were checked for all the models.

Secondary analyses

In a first set of additional analyses, the same models were further adjusted for
participants’ gender and age. Because of the small number of participants who did not identify
as “Female” of “Male” (n = 10), only participants who identified themselves as “Female” or
“Male” were included in the analyses, resulting in a sample of 502 participants. In a second
model, only participants who reported 30 minutes of moderate-to-vigorous physical activity
were included (N = 416), as the interactive effects of intrinsic motivation on the association
between physical activity and cognitive health may only emerge above a minimal level of
physical activity. In a third set of additional analyses, the same models were re-run with
moderate and vigorous physical activity being distinctly specified as independent variables.
Finally, to account for the non-normal distribution of physical activity and intrinsic
motivation, we evaluated a series of power-law transformations using the Box-Cox method to
approximate a normal distribution (Box & Cox, 1964; Osborne, 2010). The transformed
variables were used in a final set model of models.

All analyses were performed using the R software (version 4.4). Scripts and data are
available at the following link: https://zenodo.org/records/15088567

Results

Descriptive statistics are reported in Table 1. Participants reported a mean of 295 +
298 minutes of moderate-to-vigorous physical activity per week. The mean score for intrinsic
motivation was of 3.6 = 1.1 on the Likert scale ranging from 1 to 5. Their self-reported
cognitive health was of 3.6 + 0.9 on the Likert scale ranging from 1 to 5. Bivariate
correlations are shown in Figure 1. Notably, we observed significant small-to-medium-sized
correlations between moderate-to-vigorous physical activity and cognitive health (»=0.11),
intrinsic motivation and cognitive health (» = 0.15); intrinsic motivation and moderate-to-
vigorous physical activity (» = 0.37). Moreover, the correlation between vigorous physical
activity and cognitive health was significant (» = 0.13), but not between moderate physical
activity and cognitive health ( = 0.04).


https://zenodo.org/records/15088567
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Table 1. Demographic information and descriptive statistics.

Mean (SD) Range
Demographic information
Sex (N, % of women)
Female 352 (69%) —
Male 150 (29%) —
Prefer not to disclose 2 (< 1%) —
These options do not apply 8 (2%) —
Age 20 (5) 18; 52
Faculty or school
Social Sciences 107 (21%) —
Health Sciences 144 (28%) —
School of Management 66 (13%) —
Sciences 104 (20%) —
Arts 75(14%) —
Engineering 16 (3%) -
Law 2 (<1%) —
Descriptive statistics
Self-reported cognitive health 3.4(0.9) I;5
Intrinsic motivation 3.6 (1.1) 1;5
Moderate-to-vigorous PA (in min) 294 (292) 0; 1380
Moderate PA (in min) 142 (162) 0; 1200
Vigorous PA (in min) 153 (191) ; 900

Notes. SD: standard-deviation; PA: physical activity.

Figure 1. Bivariate correlation table (A) and two-dimensional density plot for intrinsic
motivation and physical activity) (B).
A

s B
©
=
©
1S
Q
< %)
o < < £
> o o =
= = > £ ]
1000
Cognitive health 0.11 N 0.13 0.15

<
<
0
>
o
w
S
[ S
MVPA
]

500

0 -
VPA 0.42 08
1 2 3 4 5
-1 Intrinsic motivation

Note. MVPA: moderate-to-vigorous physical activity, MPA: moderate physical activity; VPA:
vigorous physical activity. For Figure A, all correlations are significant, with p < .05, with the
exception of cells that are marked by a cross (p > .05). For Figure B, in the two-dimensional
density, different density ranges of the data are displayed, with darker color corresponding to a
greater density of observations in the data.
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Main analyses

In the first linear regression model, the interaction term between intrinsic motivation
and moderate-to-vigorous physical activity was significant, suggesting that intrinsic motivation
moderated the association between physical activity and self-reported cognitive health (f =.12,
95CI =.03; .21, p = .011). As hypothesized, simple slope analyses showed that the association
between moderate-to-vigorous physical activity and cognitive health was significant and
positive when intrinsic motivation was high (i.e., at sample mean + 1SD, corresponding to 4.7
on the five-point Likert scale, B = .14, 95CI = .03; .25, p = .013), but non-significant when
intrinsic motivation was moderate (i.e., at the sample mean, corresponding to 3.6 on the five-
point Likert scale, § = .03, 95CI = -.07; .12, p = .612) or low (i.e., at sample mean - 1SD,
corresponding to 2.5 on the five-point Likert scale, f =-.09, 95CI = -.24; .06, p = .220) (Figure
3A). Johnson-Neyman analyses further showed that the association between moderate-to-
vigorous physical activity and cognitive health was significant when intrinsic motivation was
above ~4.3 on the Likert scale ranging from 1 to 5 (i.e., mean scaled sample score + 0.61SD,
corresponding to 32% of the sample) and non-significant below this threshold (Figure 3B).

In the second set of linear regression models, the interactive terms between other types
of motivation and moderate-to-vigorous physical activity were however not significant
suggesting that neither integrated, identified, introjected, nor external motivation did

significantly moderate the association between physical activity and self-reported cognitive
health (ps. > .071).

Figure 3. Simple slopes for the association between moderate-to-vigorous physical activity and
intrinsic motivation on self-reported cognitive health (A) and region of significance of the
association between moderate-to-vigorous physical activity on self-reported cognitive health,
depending on intrinsic motivation (B).
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Notes. MVPA: Moderate-to-vigorous physical activity; SD: standard-deviation. Density plots
by level of intrinsic motivation are displayed for moderate-to-vigorous physical activity (on
top) and cognitive health (on the right). To ease interpretation of the results, raw (i.e., unscaled)
variables were used to create the figures.

Additional analyses

In additional models, after further adjustment for age and sex in the first set of additional
models, the interactive term between intrinsic motivation and moderate-to-vigorous physical
activity on cognitive health remained significant (Table S1). In the second set of models, when
including participants who reported at least 30 minutes of physical activity (N = 416), the
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interactive term between intrinsic motivation and moderate-to-vigorous physical activity on
cognitive health was significant, consistent with the main analyses (Table S2). In the third set
of additional models, consistent with the main analyses, when moderate physical activity was
used as the independent variable, its interactive term with intrinsic motivation was significant
on cognitive health (Table S3). However, when vigorous physical activity was used as the
independent variable, its interactive term with intrinsic motivation was non-significant (Table
S4). Finally, consistent with the main analyses, the interactive term between power-law
transformed moderate-to-vigorous physical activity and power-law transformed intrinsic
motivation was significant on cognitive health (Table S4).

Discussion
Main findings
This study examines the moderating effect of intrinsic motivation on the association
between self-reported physical activity and perceived cognitive health in young adults. It
overall supports the idea that the quality of the experience associated with physical activity
may be an important moderator to consider when investigating its cognitive benefits.

Comparison with previous studies

A recent line of research has recently suggested that, in addition to promoting long-
term engagement in physical activity, intrinsic motivation may indeed also reinforce the
benefits of this behavior on health (Furzer et al., 2021; White et al., 2018). For example, in the
mental domain, adolescents who engaged in active travel for autonomous reasons reported
better affective wellbeing than those who engaged in active travel for more controlled
reasons. Consistent with these findings, our study provides the first evidence that intrinsic
motivation strengthens the relationship between self-reported physical activity and perceived
cognitive health in young adults. Notably, we found that this association became significant
only when participants reported a very high intrinsic motivation (i.e., above 4.3 on a Likert
scale ranging from 1 to 5). The non-significant moderating effect of other types of extrinsic
motivation (i.e., integrated, identified, introjected and external motivation) further reinforces
the specific role that intrinsic motivation could play in altering the physical activity-cognition
association. While this result even suggests that the improvement of cognitive health through
exercising may be dependent on having a high level of intrinsic motivation, this finding
should however be interpreted with caution as we cannot show causal relationships using
observational data. Our findings are thus consistent with those observed in the mental health
domain, and suggest that intrinsic motivation could promote better cognitive health not only
by enhancing engagement in healthy behaviors — such as physical activity — but also because,
once engaged in these behaviors, intrinsic motivation reinforces the health benefits of these
behaviors. Future experimental research is needed to examine these two pathways through
which intrinsic motivation could promote better health: how it promotes a sustained
engagement in healthy behaviors (i.e., mediating pathway) and how, once engaged in these
behaviors, it magnifies their benefits (i.e., moderating pathway) (Maltagliati et al., 2022).

Our findings also complement previous literature that has mostly focused on structural
moderators (e.g., type, frequency, duration) of the physical activity-cognition association
(Ludyga et al., 2020). Based on our current results and indirect evidence, we postulate that
intrinsic motivation may represent an active ingredient underlying the effects of some
structural aspects of physical activity on cognitive health. For example, exercising in natural
settings has been found to enhance the benefits of physical activity on cognition (Boere et al.,
2023). As physical activity in natural environments is also associated with more positive
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affective states (Kinnafick & Thegersen-Ntoumani, 2014), it is possible that intrinsic
motivation could drive the benefits of nature-based physical activity on cognition.
Interestingly , we observed that intrinsic motivation significantly moderated the association
between moderate physical activity and cognitive health, but not the association between
moderate physical activity and cognitive health vigorous physical activity and cognitive
health. Given the conflicting results on the differential effects of moderate and vigorous
physical activity on brain (e.g., de Pais et al., 2024), as well as on the affective responses they
trigger (Ekkekakis et al., 2005), the use of accelerometer-based measures of physical activity
is needed to examine disentangle whether the intensity of physical activity interacts with the
motivation underlying these specific forms of movement-based behaviors to predict cognitive
health. Overall, further work is needed to provide empirical support for our assumptions and,
ultimately, to allow an-depth overview of the associations between structural factors of
physical activity, motivation and cognitive health.

Potential underlying mechanisms

The moderating effect of intrinsic motivation on the association between physical
activity and cognitive health may be driven by several mechanistic pathways. At the
neurophysiological level, engaging in physical activity for intrinsic reasons may for example
enhance the biological responses triggered by exercise-induced signaling (e.g., eCB,
dopamine) that are known to play a key role in cognitive health (e.g., neurogenesis, synaptic
neuroplasticity, regulation of inflammatory processes) (Hill et al., 2010; Hou et al., 2024).
Notably, beyond playing this crucial role in central fatigue processes and in effort regulation
(McMorris et al., 2018), dopamine may also be involved in driving the relationship between
exercise and cognition, as its release during physical activity explains the short-term
improvement in cognitive functions observed after exercise cessation (Ando et al, 2024).
Additionally, evidence suggests that intrinsically motivated exploratory are phylogenetically
ancient tendencies that are subserved by dopaminergic systems (Di Domenico & Ryan, 2017;
Knab & Lightfoot, 2010) — providing indirect support to this interplay between intrinsic
motivation, dopamine and exercise-induced cognitive improvements. At the behavioral level,
the strength of the association of physical activity with cognition may also be enhanced
because intrinsic motivation involves engaging in more cognitively demanding types of
physical activity. Indeed, cognitive engagement, defined as the level of cognitive effort
exerted to master complex (motor) skills, may depend on people’s intrinsic motivation toward
physical activity (Wulf & Lewthwaite, 2016). It has precisely been shown that cognitively
demanding tasks ultimately lead to greater cognitive benefits. Future experimental research is
warranted to shed further light on these mechanisms.

Strengths and limitations

Among the strengths of this study are its large sample size, its two-timepoint design,
and the consistency of the results across sensitivity analyses. However, the study has at least
four limitations. First, we used a self-reported measure of physical activity, which may not
accurately assess actual levels of physical activity (Prince et al., 2008), especially when it
comes to dissociate moderate from vigorous intensities. Second, our results may be conflated
by the reliance on a self-reported measure of perceived cognitive health over a narrow
timeframe, which had not been validated among young and non-clinical participants (Lai et
al., 2014). Future studies should rely on a formal in-depth assessment of cognitive health that
combines questionnaires, standardized tests, and neurophysiological measures. In the same
perspective, it could be interesting to examine whether observed associations differ across
domains of cognition (e.g., executive functions vs memory). Third, the study design prevents
to establish any causal associations between our variables. Notably, should be noted that a
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good cognitive health may be a prerequisite for engaging in physical activity (Cheval,
Orsholits, et al., 2020). Disentangling the potential bidirectional links between cognitive
health, physical activity and motivation may be a promising challenge for future experimental
research. Fourth, the data were obtained from a cohort of young, healthy, physically active
(i.e., they self-reported an average of 295 minutes of moderate-to-vigorous physical activity
per week), and well-educated individuals. Therefore, the generalizability of the conclusions to
other samples (e.g., older adults) needs to be confirmed.

Conclusion

Our findings support the hypothesis that intrinsic motivation moderates the association
between physical activity and cognitive health. Alongside with structural factors of physical
activity, this study highlights the need to consider more qualitative, experiential aspects of
physical activity when examining its association with cognitive health. Ultimately, these
findings may pave the way for future guidance on how to maximize the benefits of physical
activity for cognitive health.
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