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Abstract
The main purpose of this study was to longitudinally test the relationships of Self Determination Theory variables on
physical activity, analyzing the model based on stages of change. The study is a longitudinal and quantitative research.
We have developed a longitudinal cross-lagged design for structural equation models of three time points and multi-
group analysis. Participants were 772 Spanish college students from the University of Zaragoza (M = 19.74, SD = 2.76)
studying several degrees. Participants completed different self-reports, assessing: physical activity, stages of change,
motivation and basic psychological needs, at three time points (November, January and March). The analysis indicated
that intrinsic motivation positively predicted physical activity at the 3-time points, both directly and indirectly. Intrinsic
motivation was negatively predicted by autonomy and positively predicted by competence (from time point 2 to 3). No
relationships were found with relatedness for the entire sample. Regarding the stages of change multi-group analysis
were run: in the low active group, we found a negative relationship between relatedness and physical activity, and a
positive association between competence and intrinsic motivation and physical activity, whereas intrinsic motivation did
not predict physical activity. Our findings showed that intrinsic motivation was the most consistent predictor of physical
activity. The competence need played an essential role in intrinsic motivation and physical activity for both active and
passive subjects. However, the basic psychological needs have not worked as indicated by the theory when it was
examined longitudinally. The findings of the study highlight the need for different strategies to improve physical activity
levels according to the stages of change.
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Introduction

The benefits for health of engaging in physical activity (PA) in
adult population are well-documented (Reiner, Niermann,
Jekauc, & Woll, 2013). However, PA patterns decline be-
tween the ages of 18 and 24, as many people are studying at
college (Grim, Hortz, & Petosa, 2011).

Transition from the high school stage to the college stage is
characterized by a series of changes in lifestyle, such as sep-
aration from the family, new housing and new ways of learn-
ing (Murphy et al., 2019). PA, as a positive health behavior,
has received less attention by researchers than diet or alcohol
consumption (Ullrich-French, Smith, & Cox, 2011).
Therefore, PA needs to be analyzed to improve college stu-
dents’ health.

Nowadays, between 60 and 70% of the college population
in Spain has not met the recommendations of PA (Corella,
Rodriguez-Munoz, Abarca-Sos, & Zaragoza, 2018).
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Although, most of the studies developed with this population
were cross-sectional, implying little knowledge about the top-
ic (Hagströmer, Kwak, Oja, & Sjöström, 2015). Therefore, the
present study expects to shed light on PA behavior in college
students with a longitudinal study design.

Theoretical Framework

Self Determination Theory (SDT) (Deci & Ryan, 1985) has
been used to explain motivation to engage in PA, and it has
gained importance to understand health behaviors (e.g.,
Teixeira, Carraca, Markland, Silva, & Ryan, 2012).
Moreover, Vallerand (1997) established a Hierarchical
Model of Intrinsic and Extrinsic Motivations based on SDT,
including the following sequence: basic psychological needs
(BPNs)→ types of motivation → consequences such as PA.
In the present study, we have longitudinally tested the model
in order to analyze the influence shown in the theory with
college students who regularly practice PA versus those who
do not.

Self-Determination Mini-Theories Two mini-theories to ex-
plain PA have been incorporated: Basic Psychological
Needs (BPN) theory and Organismic Integration (OI) theory.
Firstly, the BPN theory is integrated by competence, autono-
my and relatedness, which must be satisfied to improve moti-
vation related to any behavior (Deci & Ryan, 2000). Related
to PA, competence refers to being effective when doing sports
or PA. Autonomy refers to feelings of volition and control of
people’s behavior. Related to PA, autonomy refers to people’s
perception of the possibility of making decisions when they
do sports or PA. Relatedness is the need to feel a sense of
individual acceptance by significant others, connecting with
peers in the PA context (Deci & Ryan, 2000). Finally, in a
recent work developed by Ryan and Deci (2020), the authors
pointed out that BPN are crucial to students’ satisfaction en-
hance of any behavior.

Secondly, the OI theory establishes motivation as a contin-
uum, integrating it at different levels: intrinsic motivation,
extrinsic motivation and amotivation (Deci & Ryan, 1985).
Intrinsic motivation implies an inherent interest in the behav-
ior when the person wants to learn and have fun when partic-
ipating. It also reflects choice, satisfaction, persistence and the
highest self-determination degree. Vallerand (1997) has also
considered intrinsic motivation, adding a multidimensional
perspective and proposing different typologies: intrinsic mo-
tivation to know, intrinsic motivation toward accomplish-
ment, and intrinsic motivation to experience stimulation.
Extrinsic motivation refers to engaging in a behavior, because
people obtain different and separable results. Nevertheless,
intrinsic motivation appears as a powerful regulation to im-
prove PA behavior, because the focus of intervention studies
is on creating the conditions to foster and maintain intrinsic

motivation levels throughout the program, through BPN pro-
motion (Kinnafick, Thøgersen-Ntoumani, & Duda, 2014).
Moreover, most studies under SDT have not assessed
amotivation by comparing it with other regulations, because
the negative relationship found with PA in literature is con-
clusive (Teixeira et al., 2012). The proposed model appears in
Fig. 1.

Additionally, to BPN and OI theories of PA behaviors,
following the Transtheorical model adds information about
the change between PA behavior or non-PA behavior.

Transtheoretical Model (TTM) This is an integrated model of
change that should be able to account for the processes that
individuals use to change (Prochaska & Di Clemente, 1982).
The TTM provides a framework for understanding PA behav-
ior change and includes five stages of change (SoC) that indi-
viduals go through, as a non-linear cyclical process, when they
decide to go from being sedentary (no PA behavior) to be-
coming active (PA behavior) (Rose, Parfitt, & Williams,
2005). The authors of the model illustrate the stages in a cycle,
and suggest that individuals may spiral around the model sev-
eral times until successful change is achieved (Prochaska&Di
Clemente, 1982). The first two stages are pre-action stages
w i t hou t a ny a c t u a l p e r f o rmanc e behav i o r : a )
precontemplation: no intention of becoming physically active;
b) contemplation: thinking about starting to become physical-
ly active within the next 6 months. The next two stages bring a
crucial shift in behavioral manifestation: c) preparation: mak-
ing small changes in behavior but still not meeting a criterion
for PA; d) action: meeting a criterion for PA, but only recently
– usually within the past 6 months -; e) maintenance: meeting
a criterion for PA for 6 months or longer (Norcross, Krebs, &
Prochaska, 2011). The SoC are the central construct of the
TTM, encompassing behavior, intentional and temporal as-
pects of behavior change.

Moreover, combined with SDT, Rose et al. (2005) showed
that subjects in the pre-contemplation and contemplation
stages were more likely to show less self-determined methods
of PA regulation, whereas those in the adoption and mainte-
nance stages had more self-determined methods of PA regu-
lation. Thus, the key question is whether PA-related SDT
variables change according to the stages of change?

Previous Studies

Several previous studies within the PA context have consis-
tently observed that SDT variables are predictors of PA (see
the review of Teixeira et al., 2012). Nevertheless, few studies,
to date, have developed the theory with college students in
relation to PA. And no study has found longitudinal results
of the SDT. According to the SDT, Frederick, Morrison, and
Manning (1996) found that intrinsic motivation positively pre-
dicted perceived competence and satisfaction with PA,
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whereas extrinsic motivation only predicted adherence for
men. However, PA behavior was not assessed, and the sample
was cross-sectional. Ullrich-Frenck et al. (2011), found that
competence, autonomy and relatedness were positively asso-
ciated with self-determined motivation, which predicts PA,
but PA was indirectly predicted by BPNs, and motivational
variables were not included in the model. Keshtidar and
Behzadnia (2017) concluded that autonomous motivation
was positively related to intention to continue carrying out
PA, but BPNs were not included in the model, and the data
were cross-sectional.

Consequently, although many studies have analyzed PA in
the SDT context, in college students, as we have seen, most of
them are based on cross-sectional data (e.g. Behzadnia,
Adachi, Deci, & Mohammadzadeh, 2018). Neither BPNs
nor motivational regulations were included in the tested
models (e.g. Ednie & Stibor, 2017) and no study has longitu-
dinally analyzed the directionality of the SDT relations (Ersöz
& Eklund, 2017).

Therefore, combined TTM and SDT contribute to
improving PA understanding, because participants could
present different relationships between SDT variables in
each stage of change. However, few researchers have
combined these theories. Ersöz and Eklund (2017) point-
ed out that participants in maintenance stages showed sig-
nificantly more intrinsic motivation to PA than other
stages. However, BPNs were not included, PA behavior
was not assessed, and the sample was cross-sectional.
Moreover, the results of Farmanbar, Niknami, Lubans,
and Hidarnia (2013) showed that the constructs of TTM
and SDT (except for external regulation) were significant-
ly related to PA. Nevertheless, the proposed model did
not integrate the variables, and the stages of change had
no impact on the results. Consequently, one question re-
mains unclear: Can the prediction of STD-based PA be-
haviors, shown previously, also be confirmed concerning
the stages of change in college students?

The Current Study

To sum up, identifying the relationships between BPNs, the
different motivation regulations and PA, is crucial to have a
better understanding of the SDT paths throughout time.
Moreover, no study in college students has been found to date
that follows the sequence developed by Vallerand (1997):
basic psychological needs (BPNs)→ types of motivation →
PA. Finally, when TTM and SDT are combined, no study has
analyzed the relationship variables in agreement with the
stages of change.

Therefore, the main purpose of this research was to analyze
the SDT longitudinally whereby PAwas predicted by intrinsic
motivation and BPN, analyzing the relationships by stages of
change. It was hypothesized that: a) Satisfying BPN would

have a positive effect on intrinsic motivation and PA at sub-
sequent time points. b) Intrinsic motivation would have a pos-
itive effect on PA at subsequent time points. c) The structural
analysis by stage of change would show invariance, finding
differences in SDT variable relationships, principally in low-
active group with less strength in the BPN relationships with
intrinsic motivation and PA.

Materials and Methods

Participants

The sample comprised 772 Spanish college students from the
Teruel Campus of Zaragoza University, located in an urban
area, after eliminating 25 participants due to incomplete and
missing data in questionnaires. Participants were selected
from first and second year students, and from eight degree
courses: psychology, business administration and manage-
ment, primary education, infant education, nursery, arts, com-
puter engineering and electronic engineering. Teruel Campus
is characterized by degrees with a higher presence of girls.
Therefore, there were more female participants, 604 (Mage =
19.74, SD = 2.76) than male, 168 (Mage = 20.33, SD = 3.67).
Participants were selected based on criteria of accessibility
and willingness to cooperate, after researchers’ explanations
about the project during class time.

Measures

Physical Activity The Physical Activity Questionnaire for
Adults (PAQ-AD) is a 7-day recall that evaluates moderate-
to-vigorous PA levels during the previous week (Copeland,
Kowalski, Donen, & Tremblay, 2005). Answers were mea-
sured using a 5-point Likert scale in order to assess weekly PA
frequency. Participants had to choose one option from the
scale for each day and answer the following question: “Mark
how often you did physical activity (for example: doing
sports, exercise classes, strenuous occupational activity)”.
The questionnaire was validated in the adult population
(Copeland et al., 2005), modifying several activities, eliminat-
ing school-related activities, and replacing times of the day
(e.g., morning, afternoon). Moreover, the questionnaire was
also specifically validated in college students (Rodríguez-
Muñoz, Corella, Abarca-Sos, & Zaragoza, 2017), showing
significant and positive correlations with accelerometer data
(r = .541 with counts, r = .449 with uniaxial cut points and
r = .500 with triaxial cut points).

Stages of Change To measure this variable, the scale compris-
ing one single item, developed by Cardinal (1995), was used.
There are five stages of change in the Transtheoretical Model
proposed by Prochaska and Di Clemente (1982): pre-
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contemplation, contemplation, preparation, action and main-
tenance. Participants had to select one of the 5 options that
evaluate the intention to participate in PA and sports in the
future (e.g. “I do not exercise and have no interest”, pre-con-
templation). On this scale, a value from 1 to 5 was assigned to
each of the responses, “1” being the precontemplation status
and “5” the maintenance status. The construct validity is sup-
ported by the study developed by Cardinal (1995), comparing
the results of the questionnaire with energy expenditure in PA
and with the peak of VO2 in a physical laboratory test,
obtaining significant correlations (p < .001) in both cases.

Motivation The Sport Motivation Scale (SMS: Brière,
Vallerand, Blais, & Pelletier, 1995) was used to assess motiva-
tion towards PA and sport. It was validated in Spanish adult
population by Núñez, Martín-Albo, and Navarro (2007). The
scale is comprised of 28 items with 7 subscales, with a 7-point
Likert scale going from does not correspond at all = 1, to cor-
respond exactly = 7. In the present study, we have used 3 sub-
scales comprised of three intrinsic motivation dimensions
adapted to PA (Deci & Ryan, 1985): intrinsic motivation to
know subscale (e.g., “For the pleasure it givesme to knowmore
about the physical activity that I practice”), intrinsic motivation
to accomplish subscale (e.g., “For the pleasure I feel while
improving some of my weak points”) and intrinsic motivation
to experience stimulation subscale (e.g., “For the pleasure I feel
in living exciting experiences”). In our study, the internal con-
sistency of the studied dimensions showed suitable values.
Intrinsic motivation to know: T1, α = .901; T2, α = .879; T3,
α = .907; Intrinsic motivation to accomplish: T1, α = .902; T2,
α = .901; T3, α = .909; Intrinsic motivation to experience: T1,
α = .876; T2, α = .887; T3, α = .898.

Basic Psychological Needs The multidimensional question-
naire, Psychological Need Satisfaction in Exercise Scale
(PNSE: Wilson, Rogers, Rodgers, & Wild, 2006), was used
to measure psychological need satisfaction. It consists of 6
items for each of the three needs: competence (e.g., “Capable
of doing challenging physical activity”), autonomy (e.g. “Free
to make my own physical activity decisions”) and relatedness
(e.g., “Sense of camaraderie with companions“) rated on a 5-
point Likert scale ranging from totally disagree = 1, to totally
agree = 5. The questionnaire was also validated in the Spanish
population (Moreno-Murcia, Marzo, Martínez-Galindo, &
Conte, 2011). Our internal consistency study values showed:
Competence: T1, α = .910, T2, α = .910, T3, α = .924;
Autonomy: T1, α = .823, T2, α = .861, T3, α = .892;
Relatedness: T1, α = .852, T2, α = .845, T3, α = .855.

Procedure

Firstly, the project was submitted to the Regional
Government’s Research Ethics Committee and it was

approved. Afterwards, students were informed about the
voluntary and confidential nature of the study. Moreover,
students signed an informed consent in order to participate
in the study. The questionnaires were administered at 3
time points. In October 2015 (T1), January 2016 (T2)
and April 2016 (T3), with a 3 months’ gap in order to
assess the changeability of variables. The questionnaires
took approximately 25 min to complete each time, and they
were given out during regular lessons by researchers and
trained assistants. The study is a longitudinal and quanti-
tative research.

Statistical Analysis

Data were analyzed with Mplus, Version 7.11 in order to
implement a cross-lagged panel design with three time points
and structural equation modeling. Parcels were configured for
each variable to reduce sampling errors, decreasing the specif-
ic variances of each item. Parcels were configured following
the recommendations of Little, Rhemtulla, Gibson, and
Schoemann (2013). Items were randomly assigned to parcels
and then averaged. In addition, to precisely define the con-
structs (Little et al., 2013), a just-identified measurement
space was created, and each latent construct was based on 3
parcels. PA was the exception, which was calculated follow-
ing the questionnaire validation protocol (Copeland et al.,
2005).

To compare groups, the assumption that the instru-
ments measure the same psychological construct at all
times and in all groups must be held. If this assumption
is held, the comparisons are valid and the differences/sim-
ilarities/variations between groups can be meaningfully
interpreted (Milfont & Fischer, 2010). So, longitudinal
factorial invariance was tested as a prerequisite to assess
the cross-lagged structural models. In order to do so, an
unconstrained model was established and hierarchically
advanced to more restricted (and nested) models (Little
et al., 2013). The invariance routine started by testing
the unconstrained model, in which the pattern of
indicator-to-construct is equal across time points
(configural invariance). This baseline model was subse-
quently compared with the next level of measurement in-
variance, including factor loading equality (weak factorial
invariance), equality of the intercepts of the corresponding
indicators (strong factorial invariance), and equality of the
residual variances of the corresponding indicators (strict
factorial invariance). The models involved the residuals of
the corresponding indicators being allowed to correlate
across time points. The first factor loading per latent var-
iable was set to unity to establish the scale of latent var-
iables, as recommended by Little, Preacher, Selig, and
Card (2007). “A value of ΔCFI smaller than or equal to
0.01 indicates that the null hypothesis of invariance
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should not be rejected” (Cheung & Rensvold, 2002, p.
251). Consequently, 3 fully cross-lagged panel models
were tested. The first one assessed whether BPNs and
intrinsic motivation influence PA among college students
(see Fig. 1). The model includes the entire sample. In
addition, indirect effects of T1, competence, autonomy,
relatedness, and intrinsic motivation, on T2, PA, were
tested with the Mplus MODEL INDIRECT procedure.
Additionally, the model was replicated (the second one),
although only with the sample of low-active college
students. The low-active group was created with the
participants of the precontemplation, contemplation and
preparation stages, following the original concept
( P r o c h a s k a & D i C l e m e n t e , 1 9 8 2 ) . T h e
precontemplation and contemplation stages are intention-
al, but behavioral change does not appear, preparation
has both intentional and behavioral change, although PA
has not reached the recommendations (Norcross et al.,

2011). With that categorization, we get two groups: one
of active people who reach PA recommendations, and
another with low-active people who do not. Finally, (the
third model) was again replicated although only with
the active sample. It includes the stages of action and
maintenance that reached PA recommendations
(Norcross et al., 2011) (Fig. 1).

In agreement with the possible multivariate non-
normality of the measures, the robust maximum likeli-
hood (MLR) estimator was selected for model estima-
tions (Wang & Wang, 2012). Goodness-of-fit was tested
with common fit indexes. Thus, a model fit is consid-
ered adequate when the Comparative Fit Index (CFI)
and the Tucker-Lewis Index (TLI) have values of
>0.90, the Root Mean Square Error of Approximation
(RMSEA) is <0.06, and the Standardized Root Mean
Square Residual (SRMR) is <0.08 (Iacobucci, 2010).

Fig. 1 Structural model proposed to be tested. Abbreviations were used
in parcels in order to clarify the figure (Autonomy: Aut; Relatedness: Rel;
Competence: Co; Intrinsic Motivation: IM; Physical Activity: PA). The

tested model is comprised by the relationships between variables through
the three times, correlations in each time and the parcels to create the
latent variables. PA was an observed variable
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Results

The models, after conducting the parceling procedure, were
made up of competence, autonomy, relatedness, and intrinsic
motivation, treated as 4 latent variables (each one comprised
of 3 parcels) , with PA as an observed variable.
Longitudinally,12 latent variables (36 parcels) and 3 observed
variables were examined in all. First, we ran the model with
the entire sample, then with low-active college students, and
finally with the active sample.

Descriptive statistics and the correlation matrix between
the model variables are shown in Table 1. All correlations
are positive and significant between the variables, both
cross-sectionally and longitudinally.

Participants were categorized into the first three stages, pre-
contemplation, contemplation and preparation. Those associat-
ed with insufficient PA levels (Prochaska&Di Clemente, 1982)
were placed in a low-active group, and students in the action and
maintenance stages were placed in an active group (Prochaska
& Di Clemente, 1982). Results show that the active group
reached a significantly higher level of PA at the three time points
[Ft1(1769) = 2015.55 p < .001; Ft2(1769) = 2017.01 p < .001;
Ft3(1769) = 2044.68 p < .001] than the low-active group.

Previous Analysis: Invariance Testing

Tests of longitudinal factorial invariance are presented in
Table 2. A decrease in CFI <0.01 implies invariance. Thus,
according to this criterion, weak factorial invariance was

supported by comparisons across time points. This implies
that the measures have equivalent relationships between indi-
cators and latent factors across time points (equality of factor
loadings). Thus, comparisons are valid, and differences and
similarities between the entire sample, including low-active
and active groups, can be meaningfully interpreted.

The Proposed Cross-Lagged Panel Models

The structural model, with the entire sample, presented an
acceptable fit to the data according to RMSEA and SRMR
indexes (χ2 = 3078.846, df = 625; CFI = .890, TLI = .870,
RMSEA = .058, 90% CI [.059, .064], SRMR = .060). All
autoregressive regression weights were positive and strong
(all ps < .01), denoting that individuals’ relative scores in the
variables had changed very little over time (stability over time
of the variables).

Moreover, the indirect effects of the variablesmeasured at the
initial time point (T1) were explored, comparing them with PA
at time point 3 (T3). Analyses revealed only one specific signif-
icant indirect effect from intrinsicmotivation at time point 1 (T1)
towards PA at time point 3 (T3), through intrinsic motivation at
time point 2 (T2) (β = 0.079, 95% CI [.035, 2.283], p = .022).

The structural model with the sample of low-active college
students (N = 409) presented an adequate fit to the data accord-
ing to the RMSEA and SRMR indexes (χ2 = 1869.308, df =
625; CFI = .890, TLI = .870, RMSEA= .057, 90% CI [.056,
.063], SRMR= .058), although worse than the structural model
with the entire sample. All autoregressive regression weights

Table 1 Means, standard deviations, and correlations between latent and observed variables

Variables M SD T1 T2 T3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

T1 1 Autonomy 4.47 .99 –

2 Relatedness 3.70 1.25 .557 –

3 Competence 4.10 1.20 .867 .664 –

4 Intrinsic motivation 4.14 1.64 .694 .622 .715 –

5 Physical activity 2.29 .91 .398 .512 .471 .505 –

T2 6 Autonomy 4.22 1.09 .566 .225 .406 .309 .205 –

7 Relatedness 3.41 1.18 .344 .473 .367 .400 .267 .631 –

8 Competence 3.90 1.17 .499 .251 .557 .398 .241 .951 .597 –

9 Intrinsic motivation 4.07 1.50 .441 .346 .448 .581 .362 .598 .631 .636 –

10 Physical activity 1.97 .89 .222 .172 .260 .278 .439 .194 .259 .214 .322 –

T3 11 Autonomy 4.28 1.10 .308 .114 .180 .161 .133 .527 .304 .404 .601 .195 –

12 Relatedness 3.45 1.21 .183 .284 .258 .280 .198 .287 .569 .362 .449 .268 .597 –

13 Competence 3.95 1.21 .256 .148 .326 .257 .188 .410 .311 .533 .418 .301 .888 .572 –

14 Intrinsic motivation 4.04 1.57 .244 .219 .307 .347 .235 .334 .417 .444 .573 .387 .641 .546 .624 –

15 Physical activity 2.27 .92 .153 .121 .175 .195 .202 .198 .228 .241 .317 .387 .301 .259 .336 .351 –

Significant correlations appear in bold type. N = 772
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were positive and strong (all ps < .01). Nevertheless, looking at
the other model paths, these were only significant when:
Competence at T1 predicted PA at T2 (β = 0.257, p = .049);
Competence at T2 predicted intrinsic motivation at T3 (β =
0.276, p = .022); Relatedness at T1 predicted competence at
T2 (β = −0.137, p = .028) and PA at T2 (β = −0.160, p = .004).

Finally, the structural model with the sample of active college
students did not converge and it could not be analyzed (Fig. 2).

Discussion

The aim of this study was to test the SDT theory by develop-
ing a longitudinal model where physical activity was predicted
at time points 2 and 3 by intrinsic motivation and basic psy-
chological needs, analyzing the relationships by stage of
change.

According to hypothesis 1, in relation to the entire sample,
satisfying BPN would have a positive effect on intrinsic
motivation and PA at subsequent times. Our results showed
that at time points 1 and 2 there were no significant
associations between BPN and intrinsic motivation.
However, from time point 2 to time point 3, intrinsic
motivation was predicted by two of the BPNs, negatively by
autonomy and positively by competence, while no
relationships were found with relatedness. The sequence
developed by Vallerand (1997) pointed out that BPNs have
a positive influence on intrinsic motivation as a psychological
mediator of PA behavior. Moreover, different studies have
empirically demonstrated these positive relationships (e.g.,
McDonough & Crocker, 2007; Ullrich-Frenck et al., 2011).
Nevertheless, not all BPNs influence intrinsic motivation or
other variables in the same manner. Besides, most studies are
cross-sectional, implying that the relationships shown by these
works must be considered with caution in terms of compari-
sons. The results of Standage, Gillison, Ntoumanis, and
Treasure (2012), in children, and Yu et al. (2015) in the adult
population, are consistent with our study, showing that relat-
edness did not predict intrinsic motivation. Perhaps in a con-
text of secure relationships, this BPN may not be as reliant on
proximal supports to their volitional conduct (Standage et al.,
2012). Related to autonomy, McDonough and Crocker
(2007), this BPN showed weak relationships to intrinsic mo-
tivation. In our study, autonomy is negatively associated with
intrinsic motivation between time point 2 and time point 3,
and no relationship was found from time point 1 to time point
2. This unexpected result for the entire sample could be caused
by measurement issues in the autonomy subscale of the
PNSE, because the items have not captured autonomy satis-
faction in different circumstances (McDonough & Crocker,
2007). Likewise, Teixeira et al. (2012) showed that perceived
autonomy positively predicted identified regulation to a

Table 2 Longitudinal factorial
invariance analysis of the
measurement model, and test of
equality of latent means across
time points

Invariance measurement test χ2 df RMSEA SRMR TLI CFI ΔCFI Δmodel

Configural invariance 3482.478 631 .077 .109 .836 .860

Weak factorial invariance 3525.410 647 .076 .109 .838 .859 −0.001 2 vs. 1

Strong factorial invariance 3852.040 663 .079 .110 .825 .844 −0.015 3 vs. 2

Strict factorial invariance

χ2: Chi-square test; df, degrees of freedom; RMSEA, Root Mean Square Error of Approximation; SRMR,
Standardized Root Mean Square Residual; TLI, Tucker-Lewis; Index; CFI, Comparative Fit Index; ΔCFI, var-
iations in CFI

Fig. 2 Structural models with the entire sample and with the low-active
sample. Standardized parameters examining the relationships between
BPNs, intrinsic motivation and PA. Covariances, correlations and non-
significant paths in the structural model are omitted for presentation clar-
ity. *** p < .001, **p < .01, *p < .05, †p < .10

Curr Psychol



greater extent than intrinsic motivation. Thus, introducing
identified regulation into the intrinsic motivation variable in
our study could have improved the relationship between au-
tonomy and intrinsic motivation.

In our study, competence was positively associated with
intrinsic motivation, according to the theory (Deci & Ryan,
1985) and several studies (Gunnell, Crocker, Mack, Wilson,
& Zumbo, 2014;McDonough&Crocker, 2007). Competence
plays an essential role in motivation toward PA, because it is
related to effort, and the intention to be physically active
(Taylor, Spray, Ntoumanis, & Standage, 2010).

Secondly, physical activity is not related to BPNs at any of
the time points, except for the period between time points 1
and 2, where relatedness showed a negative relationship.
Different studies (Gunnell et al., 2014; McDonough &
Crocker, 2007) have shown that competence plays an impor-
tant role in physical activity or exercise frequency, but not in
autonomy or relatedness. Additionally, some researchers in-
cluded other emotional consequences in the model, such as for
instance self-esteem (Fernández-Ozcorta, Almagro, & Sáenz-
López, 2014), but not behavior. Thus, BPNs are more highly
related to the emotional consequences of the SDT sequence,
such as psychological variables (Vallerand, 1997) than to the
behavioral consequences, such as PA.

Results may suggest that, longitudinally, BPNs have not
functioned properly as predictors of intrinsic motivation and
PA. Therefore, it is necessary to understand the role of each
need in the motivational process through more longitudinal
studies.

Continuing with the second hypothesis for the entire sam-
ple, high levels of intrinsic motivation have a positive effect
on PA, and our results supported this relationship. Intrinsic
motivation positively predicted PA from T1 to T2, from T2
to T3, and from T1 to T3. These findings are in agreement
with SDT, which states that intrinsic motivation causes impor-
tant behavioral consequences, such as PA (Vallerand, 1997).
Our results have been mirrored in other studies (e.g., Ingledew
& Marklan, 2008). Thus, adults that internalize PA behavior
are more engaged (Sicilia et al., 2014) and improve their
health, because intrinsic motivation predicted moderate-to-
vigorous PA (Silva et al., 2010). Moreover, these longitudinal
findings are essential to corroborate SDT because intrinsic
motivation is especially important for longer term exercise
participation (Teixeira et al., 2012). From a practical perspec-
tive, the present research suggests that strategies must be de-
signed to promote intrinsic motivation in order to improve PA
behavior.

Related to hypothesis 3, where the model was run with the
low-active participants, results showed differences in the SDT
variables relationships. First, intrinsic motivation did not pre-
dict the practice of PA in low-active college students (in the
stages of pre-contemplation, contemplation and preparation).
These results have been seen in other studies. Ersöz and

Eklund (2017), for example, found that students in the main-
tenance stage of change displayed more self-determined mo-
tivation to exercise than those in early stages.

Second, the competence need was found to be the strongest
predictor of intrinsic motivation and PA, as shown in the gen-
eral model of our study (McDonough & Crocker, 2007).
Farmanbar et al. (2013) showed, with university students, that
self-efficacy, as a similar construct to competence, was a pre-
dictor of exercise behavior. Therefore, competence plays an
important role in intrinsic motivation and PA, for both active
and low-active subjects.

Third, low-active college students, related to insufficient
PA, have a negative perception of relatedness when they prac-
tice PA. In our general model, relatedness, from time point 1
to time point 2, showed a negative relationship with PA. This
result could be caused by younger adults who are more likely
to participate in PA for external reasons, for example: physical
appearance, body image… placing little importance on social
relationships (Ingledew & Marklan, 2008). Also, Brunet and
Sabiston (2011) suggested that adults depend more on
introjected regulation for (extrinsic motivation type) PA par-
ticipation. Another reason for this result could be the lack of
social support previously experienced by students in relation
to the practice of PA (Gómez-López, Gallegos, & Extremera,
2010). Finally, this finding may suggest that students in prep-
aration stage (doing PA irregularly) perceived relatedness in a
negative way. Therefore, improving relationships with peers
could be an important strategy to change to the action stage.

Limitations

Despite this study providing longitudinal information about
SDT sequences related to PA and stages of change, there are
several limitations that should be mentioned.

Firstly, we decided to include intrinsic motivation and not
other regulations in the intrinsic motivation dimension (e.g.,
identified regulation). This could complicate comparisons be-
tween studies and even modify relationships in the motiva-
tional process. Secondly, data were collected using a self-
report measure for PA. Thus, the subjective measurement
may underestimate or overestimate the PA levels (Downs,
Van Hoomissen, Lafrenz, & Julka, 2014). Thirdly, social in-
fluence (e.g., autonomy support) should be analyzed as a de-
termining factor of BPNs, and as fundamental nutriments to
high quality motivation (Standage et al., 2012), because social
environment support the BNP to improve PA (Ryan & Deci,
2020).

Conclusions

This study has longitudinally examined the SDT sequence,
extending the findings to PA behavior and its relationship to
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the theory of stages of change, in college students. Results
have shown the importance of intrinsic motivation in PA be-
havior, mainly for the entire sample, because the low-active
group has not shown relationships between these variables.
No study has longitudinally tested these relationships. Thus,
these findings corroborate SDT construct and also highlight
that intrinsic motivation is crucial for longer term PA behav-
ior. Moreover, competence played an essential role, because
low-active groups have shown positive relationships with in-
trinsic motivation and PA, compared with autonomy and re-
latedness. Therefore, findings highlight that strategies must be
designed that promote intrinsic motivation and competence in
order to improve PA behavior. For instance, and following
SDT constructs (Deci & Ryan, 1985), competence could be
enhanced in an intervention program by designing activities
that include simple to more complex skills, providing a task-
oriented climate during PA practice, or using positive rein-
forcement to recognize effort and individual progress.
Moreover, in the same context, intrinsic motivation could be
improved, increasing knowledge about PA guidelines in order
to understand the benefits, or developing activities based on
participants´ enjoyment.

Future studies should combine the constructs of SDT and
TTM to explain the exercise behavior of college students and
to design effective intervention programs, because the nature
of PA is complex and dynamic. For example, selecting partic-
ipants in contemplation or preparation stages (they have the
intention to be engaged in PA but they are not sufficiently
active) and developing an intervention program that supports
BPNs.
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