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Abstract

Self-determination theory and self-efficacy
theory are prominent theories in the physical
activity literature, and studies have begun
integrating their concepts. Sweet, Fortier,
Strachan and Blanchard (2012) have integrat-
ed these two theories in a cross-sectional
study. Therefore, this study sought to test a
longitudinal integrated model to predict physi-
cal activity at the end of a 4-month cardiac
rehabilitation program based on theory,
research and Sweet et al.’s cross-sectional
model. Participants from two cardiac rehabili-
tation programs (N=109) answered validated
self-report questionnaires at baseline, two and
four months. Data were analyzed using Amos
to assess the path analysis and model fit. Prior
to integration, perceived competence and self-
efficacy were combined, and labeled as confi-
dence. After controlling for 2-month physical
activity and cardiac rehabilitation site, no
motivational variables significantly predicted
residual change in 4-month physical activity.
Although confidence at two months did not
predict residual change in 4-month physical
activity, it had a strong positive relationship
with 2-month physical activity (β=0.30,
P<0.001). The overall model retained good fit
indices. In conclusion, results diverged from
theoretical predictions of physical activity, but
self-determination and self-efficacy theory
were still partially supported. Because the
model had good fit, this study demonstrated
that theoretical integration is feasible.

Introduction
Physical activity (broadly defined in this

paper to include structure exercise such as a
cardiac rehabilitation program and leisure
time physical activity that is participated out-
side of the program) has been linked to a mul-
titude of physical and psychological health
benefits, including improvements in cardio-
vascular outcome,1 and as a protective factor
for coronary heart disease.2 As such, physical
activity (e.g., a structured exercise program) is
a central component of cardiac rehabilitation.
In this context, physical activity/structured
exercise has been found to prevent cardiac
mortality, all-cause mortality and also lower
total cholesterol, triglycerides and systolic
blood pressure.3 Even though the benefits of
physical activity are clear, physical activity still
remains low in cardiac patients.4,5 Therefore,
enhancing our understanding of the factors
that help increase physical activity for individ-
uals with cardiovascular disease is an impor-
tant research priority.

Motivational variables have been found to
be the strongest and most consistent predic-
tors of physical activity in both healthy6,7 and
cardiac populations.8 Because these motiva-
tional variables are modifiable and frequently
have a theoretical base, they have been
deemed crucial to investigate.9 Two strong
motivational theories applied in the physical
activity domain are self-efficacy theory (SET)10

and self-determination theory (SDT)11. 
Recently, experts have urged that such theo-

ries be integrated to build on their strengths
and thus gain more insight on the behavior
change process.12,13 Moreover, SDT
researchers14,15 have recently recommended
the integration of SDT with other theories to
improve our understanding of physical activity.
Sweet, Fortier, Strachan and Blanchard have
recently tested an SDT-SET integrated model
and found support for the integrated model.16

However, this model was evaluated with a con-
venience sample of university students and
used a cross-sectional design. The purpose of
this study was to test a similar SDT and SET
integrated model evaluated by Sweet and col-
leagues but with a longitudinal design. In addi-
tion, this study was conducted with cardiac
rehabilitation participants to further under-
stand physical activity in this population and to
extend the integrated model to another popula-
tion. To contextualize the integration of SET
and SDT, the respective theories are described
in the following sections, followed by recent
integration studies which lead up to the pur-
pose of the present study.

Self-efficacy theory
Within SET, behavior is influenced by both

self-efficacy and outcome expectations, where

outcome expectation mediates the self-effica-
cy-behavior relationship. Three common forms
of self-efficacy are task, barrier and scheduling
self-efficacy. Task self-efficacy refers to the
general confidence in one’s ability to perform a
task/behavior (e.g., physical activity).10 Barrier
self-efficacy is defined by how confident an
individual is to participate in physical activity
when faced with specific barriers associated
with physical activity (i.e., scared of having a
cardiac event).17 Finally, scheduling self-effica-
cy examines one’s confidence to organize their
time and responsibilities around physical
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activity.18,19

Overall, self-efficacy has been strongly
linked with physical activity for both healthy
adults and cardiac patients.7,8 Within a cardiac
population, Millen and Bray demonstrated that
barrier self-efficacy predicted cardiac rehabili-
tation attendance during the program as well
as physical activity at 6 weeks post-program,
while task self-efficacy influenced physical
activity at 12 weeks post-program.20 Other
studies supported the relationship between
task and barrier self-efficacy on physical activ-
ity in cardiac individuals.17,21 Scheduling self-
efficacy has also been found to positively pre-
dict physical activity in a cardiac population.19

Hoeever, few studies have tested this type of
self-efficacy in predicting physical activity in a
cardiac population, but its use is strongly rec-
ommended.20,22

Individuals perceptions of the benefits or
costs associated with a behavior such as phys-
ical activity defines SET’s second construct
outcome expectations. In SET, outcome expec-
tations are set to predict the behavior; howev-
er, this link is not clearly established in physi-
cal activity research.23 As suggested by
Williams and colleagues, outcome expecta-
tions may have a more important role in pre-
dicting self-efficacy than physical activity.
Indeed, we confirmed this relationship in a
cross-sectional analysis of SET.16 Based on the
research presented, the model tested in this
study had outcome expectations as a predictor
of self-efficacy and self-efficacy holding direct
relationship with physical activity. 

Self-determination theory
As described in SDT, the sequence toward

behavior change is explained by the relation-
ships between: autonomy support Æ psycho-
logical needs Æ self-determined motivation
Æ behavior (physical activity). Autonomy sup-
port is at its highest when an individual per-
ceives that his/her social context provides
choices and options, and acknowledges their
feelings and perspectives.24 In SDT, higher lev-
els of perception of autonomy support are pur-
ported to lead to greater satisfaction of the
three psychological needs. The satisfaction of
the needs of autonomy (i.e., feeling one has
volition and is the source of his/her own
actions), competence (i.e., feeling able and
capable of experiencing opportunities), and
relatedness (i.e., feeling connected with oth-
ers) are then hypothesized to translate to self-
determined forms of motivation. 

In SDT, there are two broad types of motiva-
tion, namely self-determined motivation and
non self-determined motivation.25 On the one
hand, self-determined motivation is character-
ized by one valuing the benefits of physical
activity and/or deriving pleasure and satisfac-
tion in its participation. On the other hand,
non self-determined motivation is explained

by external (e.g., following the doctor’s orders)
and/or internal pressures (e.g., feeling of guilt)
for engaging in physical activity. More self-
determined forms of motivation lead to more
positive consequences such as physical activi-
ty partecipation.

In a physical activity context, self-deter-
mined motivation has been found to predict
physical activity adoption26,27 and mainte-
nance.28 Although a limited number of studies
have investigated SDT constructs in adults
with cardiovascular disease, the few existing
studies have demonstrated a significant and
positive relationship between self-determined
motivation and physical activity.28-30 In this
study, the majority of SDT tenets were held
constant with autonomy support linking with
the psychological needs, which were then
linked with motivation. Self-determined and
non self-determined motivations were then set
to predict physical activity.

Self-determination theory and self-
efficacy theory

Because SDT and SET stem from the same
meta-theoretical concept of agency, where
humans are seen as active contributors of
their behaviors, it is possible to integrate these
theories. In addition, SDT and SET have
received extensive support in physical activity
research where some researchers have begun
integrating concepts from both theories. For
instance, the intrinsic motivation – physical
activity relationship was found to be mediated
by barriers self-efficacy in a community sam-
ple.31 Conversely, self-determined motivation
was shown to mediate the relationship
between barrier self-efficacy and long-term
physical activity in adults with type 2 dia-
betes.32 In cardiac individuals, self-determined
motivation and self-efficacy were revealed to
be important predictors of physical activity
changes after cardiac rehabilitation.28 In sum-
mary, these studies have demonstrated that
the integration of SDT and SET concepts is a
fruitful approach to predicting physical activi-
ty. However, these integration studies have
mostly used specific concepts from each theory
rather than testing entire theories. 

As outlined by Noar and Zimmerman,12 it is
best to test and integrate entire theories. This
procedure was recently conducted by Sweet
and colleagues with cross-sectional data.16

Specifically, each theory was tested separately
and then integrated into one comprehensive
model. This study revealed that theoretical
integration was feasible as a similar amount of
hypothesized relationships were found
between the integrated model and the individ-
ual SDT and SET models. In addition, the inte-
grated SDT-SET model accounted for more
variance in physical activity, self-determined
motivation and confidence than the individual
theories and held well together in a path ana-

lytical model. Because the Sweet and col-
leagues study used cross-sectional data and
that theoretical integration is at its infancy,16

it is imperative that a longitudinal investiga-
tion be conducted on this integration model,
hence the purpose of this study.

Present study
The main objective of this study was to test

a SDT and SET integrated longitudinal model
to predict physical activity at 4 months (end of
cardiac rehabilitation program). This study
was the first to test an SDT-SET integrated
model using longitudinal data. In addition, to
extend the generalizability of the integrated
model shown in Sweet and colleagues;16 a
sample of cardiac rehabilitation participants
was selected to test the model. 

In line with SDT, we hypothesized that
autonomy support will have a relationship with
the needs of autonomy and relatedness. Both
of these psychological needs were then expect-
ed to have a positive association with self-
determined motivation and a negative one
with non self-determined motivation. In this
model, confidence (i.e., the integration of the
need for competence in SDT and self-efficacy
in SET) holds the assumption outlined in SET
for self-efficacy. In this assumption, confi-
dence plays an agency role, meaning that it
drives behavior. Because confidence is placed
in an agency role, the psychological needs of
autonomy and relatedness were set to predict
confidence, which remains consistent with
Sweet and colleagues’ cross-section model.16

As outlined in the SET section, outcome expec-
tations were hypothesized to be related with
confidence. 

Based on the tenets of SDT and results of
past studies,28-30 self-determined and non self-
determined motivations also assumed to hold
an agency role and were hypothesized to have
a positive and negative relationship with phys-
ical activity, respectively. Confidence was
hypothesized to be directly linked with physical
activity which is consistent with its agency role
in SET and previous research.20 Overall, the
hypothesized longitudinal SDT-SET integrated
model, illustrated in Figure 1, is based on the-
ory, past research and Sweet et al.’s cross-sec-
tional SDT-SET integrated model.16

Materials and Methods
Procedures

All participants were referred by their physi-
cian to a center-based cardiac rehabilitation
program. The cardiac rehabilitation program
was an exercise-based program that was ran in
a local fitness center. Participants were asked
to attend two structured exercise sessions per
week at the center and to participate in leisure
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time physical activity outside the sessions.
Each participant received a tailored exercise
program based on the participant’s cardiac pro-
file. Participants were followed by a certified
kinesiologist and nurse at each session for a
16 week period. The kinesiologist met regular-
ly with the patient during the sessions to
adjust the program accordingly (e.g., incorpo-
rate new activities such as resistance train-
ing). For this project, participants were
approached during their first week at one of
two 16-week center-based cardiac rehabilita-
tion programs. Upon signing a consent form, a
meeting was scheduled within the first two
weeks for participants to answer the baseline
questionnaire onsite [89% response rate
(109/123)]. Everyone enrolled in the cardiac
rehabilitation program was eligible, which
included participants who had suffered a car-
diac related event or were at high risk for car-
diovascular disease. All questionnaires were
answered at baseline, 2 months (mid-pro-
gram) and 4 months (end of program). All
steps were approved by the appropriate
Research Ethics Board.

Participants
Study participants (N=109) enrolled in one

of two cardiac rehabilitation programs were
predominantly male (68%), French-speaking
(68%), Caucasian (96%) and retired (64%)
with a mean age of 62.28 years (SD=9.64). The
majority of participants enrolled in the cardiac
rehabilitation suffered a cardiac-related event
(88%) while others were at high risk. 

Measures
Physical activity

Using the Godin Leisure Time Exercise
Questionnaire (GLTEQ),33 participants report-
ed the number of days in a typical week in the
past two months that they engaged in physical
activity for more than 20 minutes for light,
moderate and strenuous intensities. A total
weekly leisure activity score was calculated by
multiplying each frequency by three, five, and
nine for mild, moderate and strenuous intensi-
ty, respectively, and then summing these
scores. This questionnaire has been demon-
strated as being valid and reliable.34,35

Self-determination theory variables
Autonomy support. At baseline, the

Important Other Climate Questionnaire was
used to assess participants’ perception of
autonomy support.36 Each of the six items
(e.g., My exercise important other listened to
how I would like to do things regarding my
physical activity) was anchored on a 7-point
Likert scale ranging from strongly disagree (1)
to strongly agree (7). A mean of the six items
was calculated. The Cronbach’s alpha for this
study was within acceptable range
(alpha=0.81).

Psychological needs. At baseline, partici-
pants rated on a 6-point Likert scale ranging
from 1 (false) to 6 (true) the 18 items from the
validated Psychological Need Satisfaction in
Exercise Scale.37 Each item reflected how par-
ticipants might feel when they are physically
active. For example, an item for autonomy (6
items) was I feel free to exercise in my own
way, for competence (6 items) I feel that I am
able to complete exercises that are personally
challenging and for relatedness (6 items) I feel
close to my exercise companions who appreci-
ate how difficult exercise can be. A mean was
calculated for each psychological need. For this
study, high Cronbach’s alphas were found for
autonomy (0.87), relatedness (0.90) and com-
petence (0.90). 

Motivations. Participants responded to the
Behavioral Regulation Exercise Question -
naire-2 (BREQ-2) to measure motivation for
physical activity at two months.38 On 5-point
Likert scale ranging from 0 (not true for me) to
4 (very true for me), 19 items measured the
types of motivational regulations on the self-
determination continuum: amotivation (4
items, e.g. I think participating in physical
activity is a waste of time), external regulation
(4 items; e.g. I take part in physical activity
because my friends/family/partner say I
should), introjected regulation (3 items; e.g. I
feel guilty when I don’t participate in physical
activity), identified regulation (4 items; e.g.
It’s important to me to participate in physical
activity) and intrinsic regulation (4 items; e.g.
I get pleasure and satisfaction from participat-
ing in physical activity). The BREQ-2 scale
does not contain items measuring integrated
regulation and thus four items from Wilson,
Rodgers, Loitz, and Scime were included to
assess this type of regulation (e.g. I consider
exercise consistent with my values).39 The
BREQ-2 and the additional integrated items
have been shown to have good psychometric
properties.38,39 The mean score of each motiva-
tional regulation was calculated. To test the
findings from Sweet and colleagues16 and in
line with previous research40 and SDT25 identi-
fied, integrated and intrinsic regulations were
combined to created self-determined motiva-
tion (Cronbach’s alpha=0.89) while external
and introjected regulation were aggregated for
non self-determined motivation (Cronbach’s
alpha=0.72). 

Self-efficacy theory variables
Task self-efficacy. All SET variables were

assessed at two months. Participants rated
their confidence to engage in physical activity
for more than 20 minutes during their free
time for at least 1, 2, 3 up to 7 days per week
over the next two months using a 0% (not at all
confident) to 100% (completely confident)
scale. This follows the graded approach recom-
mended by Bandura.10 A mean percentage was

calculated. In this study, this scale was reliable
(Cronbach’s alpha=0.88). 

Barrier self-efficacy. Using Blanchard and
colleagues’17 validated barrier self-efficacy
scale for individuals in cardiac rehabilitation,
participants rated the degree of confidence to
overcome nine different barriers over the next
two months (e.g. fear of having a cardiac inci-
dent, bad weather, do not have time). Each
item was rated on a scale ranging from 0 (not
at all confident) to 100% (completely confi-
dent) and a mean of the nine items was calcu-
lated. This questionnaire was found to have
good internal consistency (Cronbach’s
alpha=0.89). 

Scheduling self-efficacy. This seven-item
measure was previously used in cardiac reha-
bilitation research to assess participants’
scheduling self-efficacy.18 Participants report-
ed their confidence levels on a scale from 0 to
100% to all items for the next two months (e.g.,
organize time around each cardiac rehabilita-
tion exercise session). The mean of the seven
items was calculated. Good internal consisten-
cy was found for this scale (Cronbach’s
alpha=0.88). Similar to the integration model
from Sweet and colleagues, the need for com-
petence and all three self-efficacies at 2-
months were standardized and combined to
create the concept of confidence (Cronbach’s
alpha=0.92).

Outcome expectations. A 17-item validated
scale assessed participants’ outcome expecta-
tions.41 This scale consisted of outcomes/bene-
fits of physical activity (e.g.; less depressed,
improve health/reduce disease risk). With a 5
point Likert scale (1 = strongly agree to 5 =
strongly agree), participants rated their agree-
ment of the impact of physical activity on each
of these outcomes. A mean of the 17 items was
calculated to create the score for outcome
expectations. The internal consistency of this
scale was good (Cronbach’s alpha=0.82).

Data analysis
Preliminary analyses

Following Tabachnick and Fidell’s data
cleaning procedure,42 univariate and multi-
variate outliers, missing data, and normality of
the variables were examined with SPSS v. 18
(IBM Corporation, 2010). Because recruitment
and data collection were conducted at two dif-
ferent cardiac rehabilitation sites, a t-test was
performed to determine if the outcome vari-
able, physical activity at 4 months, differed
between the two sites.

Main analyses
As previously mentioned, the integrated

SDT-SET model is based on the model found in
Sweet and colleagues16 and theoretical tenets
(Figure 1). Due to the longitudinal nature of
this study, we were able to enter physical activ-
ity at 2 months to predict physical activity at 4
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months, creating a residual change score for
physical activity at 4 months. Using Amos v. 18,
the model was tested and further modified, if
necessary, by removing non-meaningful paths
and considering suggestions from the modifi-
cation indices. Five goodness of fit indices: the
chi-square goodness-of-fit, the comparative fit
index (CFI), the root mean square error of
approximation (RMSEA), and the standardized
root mean residual (SRMR) were examined.
Good model fit is indicated by a non-significant
chi-square, a CFI of greater or equal to 0.90, a
RMSEA of at least below 0.08, and a SRMR
below 0.10 (preferably below 0.05).43

Results
Preliminary results

Two univariate outliers were reduced to one
unit larger than the next highest value for the
needs of autonomy at baseline and 2-month
self-determined motivation and three univari-
ate outliers were reduced for scheduling self-
efficacy at 2 months. Differences in physical
activity at 4 months were found by cardiac
rehabilitation site, t=3.52, P<0.01. Therefore,
a cardiac rehabilitation variable was entered
in the model to control for this difference.
Missing data ranged from 4.6% to 22.9% (mean
percent missing: 15%; 97% complete baseline,
82% two months; 77% 4 months) and were
found to be missing not at random.
Specifically, those who were missing on physi-
cal activity had lower levels of confidence. Due
to this result, the multiple imputation tech-
nique was conducted as it does not make
assumptions about missing data pattern and is
a respectable method of dealing with this type
of missing data.42 This imputation technique
resulted in the creation of five different imput-
ed datasets. The model testing was conducted
on each of the 5 datasets separately and the
results were combined by averaging the corre-
sponding regression coefficients, r-squared,
and model fit indices. Standard errors were
pooled using the equations outlined in Baraldi
and Enders.44 These pooled standard errors
were used to determine the significance of the
path coefficients in the pooled model. The
model of the imputed data was then compared
to that of the original data (with missing val-
ues) to determine if the models differed. Once
data were imputed, all variables were found to
be normally distributed. One multivariate out-
lier was found which had a low autonomy sup-
port score with high levels of autonomy and
low levels of relatedness. Because this combi-
nation is theoretically possible, the multivari-
ate outlier was retained for the analyses. 

Main analyses
Table 1 provides the means and correlations

between study variables pooled across all five
imputed datasets. The standardized beta coef-
ficients, r-squares and model fit of each of the
five datasets are in Table 2, while the averages
of the standardized betas and r-squares are
found on Figure 2. This figure illustrates the
final SDT-SET integration model where non-
meaningful links (standardized beta below
±0.10) are removed and modification indices
were considered. Upon averaging the model fit
indices of the five datasets, the final model
was found to have good fit [chi-square (29) =
38.00, P=0.13; CFI=0.95; RMSEA=0.05,
SRMR=0.08]. 

The results from the multiple imputation

and original data compare favorably as most
coefficients are similar aside from the relation-
ship between baseline autonomy and 2-month
non self-determined motivation and 2-month
self-determined motivation and 4-month physi-
cal activity which were not significant for the
imputation method but significant for the orig-
inal data set with missing values (the imputa-
tion model was referred as the main model
throughout the manuscript, as this imputation
technique is more reliable than listwise dele-
tion).45 In line with the hypothesized model,
autonomy support predicted the needs of
autonomy and relatedness and outcome expec-
tation was related to confidence. In addition,

                                                                                                                              Article

Figure 1. Hypothesized self-determination theory and self-efficacy theory models. 
+* = positive significant relationship; + = positive non-significant relationship; − = nega-
tive non-significant relationship; Æ = path based on cross-sectional model; Æ = theoret-
ical hypothesized path, not tested in cross-sectional model.

Figure 2. Final self-determination/self-efficacy theory integrated model. Numbers in
parentheses are derived from the dataset that included missing values. tP=0.06; *P<0.05
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the need of autonomy was a positive, although
not significant, predictor of self-determined
motivation. Confidence was significantly relat-
ed to self-determined motivation. Contrary to
the hypothesized model, the need of related-
ness did not have a meaningful relationship
with self-determined motivation, confidence
and outcome expectations. Similarly, 2-month
confidence was a predictor of 2-month physical
activity rather than residual change in 4-month
physical activity as highlighted by the modifica-
tion indices. Two-month self-determined moti-
vation was not significantly related to residual
change in 4-month physical activity, and non
self-determined motivation did not have a
meaningful relationship with physical activity.
Since 2-month physical activity accounted for a

large amount of variance in 4-month physical
activity, a regression analysis revealed a non-
significant relationship (unstandardized
beta=-3.54, t=-1.11, P>0.05) between 2-month
self-determined motivation and 4-month physi-
cal activity (not controlling for 2-month physi-
cal activity).

Discussion
This study aimed to test a longitudinal inte-

grated self-determination theory – self-efficacy
theory model to predict physical activity at the
end of a 4-month cardiac rehabilitation pro-
gram. Therefore, this longitudinal integration
model extends the previous Sweet and col-

leagues’16 study which was conducted with
cross-sectional data. To our knowledge, the
current study was the first to test a fully inte-
grated model of SDT and SET in a physical
activity context while using longitudinal data.
Previous longitudinal studies combining these
theories only tested specific concepts from
each theory rather than all theoretical con-
structs from SDT and SET.28,32 In addition, this
research answered the call from SDT
researchers for integrating SDT with other
prominent theories as well as added to the
general literature on theory integration.12,14,15

The overall findings partially supported the
hypothesized model. Specifically, the longitudi-
nal model had good fit supporting the integra-
tion of the constructs from both theories in

                             Article

Table 1. Means and correlations of self-determination theory and self-efficacy theory variables and physical activity included in the inte-
grated model for the five pooled multiple imputation datasets.

Variables                                                          M               1             2             3             4             5          6            7           8            9           10

Autonomy support (baseline)                                        5.66                   -              0.51*          0.30*          0.14           0.23*        0.10           0.11         -0.03         -0.16          0.05
Relatedness (baseline)                                                  4.75                                      -               0.51*          0.12             0.20         0.04           0.19          0.04          -0.14          0.14
Autonomy (baseline)                                                        5.14                                                         -               0.19           0.25*       -0.10         0.26*        0.03          0.02           0.09
Confidence (2 months)                                                  0.00                                                                            -              0.34*        0.15          0.38*       0.29*         0.11           0.01
Self-determined motivation (2 months)                     3.07                                                                                                -            0.22          0.33*        0.07          -0.11          0.19
Non self-determined motivation (2 months)            1.50                                                                                                                -              0.02          0.01          0.01           0.01
Outcome expectations (2 months)                              4.07                                                                                                                                  -             0.03          -0.17         0.24*
Physical activity (2 months)                                          34.45                                                                                                                                                  -            0.47*         -0.10
Physical activity (4 months)                                           34.52                                                                                                                                                                   -            -0.24*
Cardiac rehabilitation site                                                 -                                                                                                                                                                                         -
*P<0.05.

Table 2. Standardized coefficients and model fit indices for the five imputed datasets. 

                                                                                                    MI 1                     MI 2                  MI 3                    MI 4               MI 5
Paths

Autonomy support → Autonomy                                                                      0.29*                           0.27*                        0.29*                           0.31*                   0.32*
Autonomy support → Relatedness                                                                 0.56*                           0.53*                        0.54*                           0.47*                   0.45*
Autonomy → Outcome expectations                                                               0.18                            0.33*                        0.21*                           0.29*                     0.18
Autonomy → Self-determined motivation                                                      0.04                             0.17                         0.22*                            0.08                     0.22*
Autonomy → Non self-determined motivation                                            -0.24*                           -0.20                         -0.18                            0.13                     -0.08
Relatedness →Self-determined motivation                                                  0.20                             -0.02                          0.06                             0.06                      0.04
Relatedness → Non self-determined motivation                                         0.16                             0.21                          0.15                             0.25                     -0.10
Outcome expectations → Confidence                                                          0.48*                           0.37*                        0.34*                           0.34*                   0.30*
Confidence → Self-determined motivation                                                  0.27*                           0.22*                        0.32*                           0.40*                   0.28*
Confidence → Physical activity (2 months)                                                  0.25*                           0.30*                        0.32*                           0.33*                   0.28*
Self-determined motivation → Physical activity (4 months)                     -0.12                            -0.13                         -0.08                          -0.18*                   -0.09
Physical activity (2 months)→ Physical activity (4 months)                     0.46*                           0.48*                        0.45*                           0.49*                   0.47*
Cardiac rehabilitation → Physical activity (4 months)                               -0.19*                           -0.15                        -0.20*                          -0.16                   -0.18*
Cardiac rehabilitation → Self-determined motivation                                0.08                           0.26**                        0.15                             0.11                      0.11
Cardiac rehabilitation → Outcome satisfaction                                           0.26*                           0.19*                        0.21*                           0.24*                     0.18

Model fit indices

Chi-square (df)                                                                                                 34.66 (29)                  41.25 (29)               40.47 (29)                  35.36 (29)          38.25 (29)
CFI                                                                                                                            0.97                             0.93                          0.94                             0.96                      0.93
SRMR                                                                                                                        0.07                             0.09                          0.08                             0.08                      0.08
RMSEA                                                                                                                     0.04                             0.06                          0.06                             0.05                      0.05
MI, multiple imputation; CFI, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean residual. *P<0.05.
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one integrated model and therefore supported
Sweet and colleagues.16 Starting with autono-
my support, it was found to predict the psycho-
logical needs of autonomy and relatedness
which is in line with our hypotheses which
were based on Sweet and colleagues.16 In addi-
tion, this relationship corroborated SDT and
past research.46,47 Health care professionals
should be autonomy supportive by acting in a
warm and caring way (relatedness), express-
ing empathy (relatedness), minimizing pres-
sure and control (autonomy), maximizing
patients’ choice while providing a rationale for
suggestions (autonomy) in order to increase
satisfaction of these psychological needs.
Next, confidence, which is comprised of com-
petence from SDT, was the only psychological
need that significantly predicted self-deter-
mined motivation. This significant relation-
ship is congruent with Sweet et al.,16 previous
research and SDT.48,49 However, autonomy and
relatedness was not significantly related with
self-determined motivation which was con-
trary to SDT. This finding is similar to Russel
and Bray,30 who also found that only confi-
dence was linked with self-determined motiva-
tion when all three needs were entered in one
model. Therefore, it appears that for cardiac
patients, competence is the key variable link-
ing self-determined motivation. Given the lim-
ited amount of studies based in SDT in a car-
diac setting, more research is needed to ascer-
tain the true relationship between these con-
structs.

Moreover, outcome expectation was found
to be a strong predictor of confidence, which is
contrary to SET, but supports findings from
Sweet and colleagues16 and suggestions by
Williams and colleagues.23 Therefore, it
appears that outcome expectation plays a role
in predicting self-efficacy in a physical activity
context. Based on these findings, interven-
tions could therefore focus on fostering posi-
tive outcome expectations in order to build
confidence. 

With regards to physical activity at four
months, this longitudinal model revealed that
neither self-determined motivation nor confi-
dence at two months significantly predicted
residual change in physical activity at four
months. First, the non-significant relationship
between 2-month self-determined motivation
and residual change in 4-month physical activ-
ity is contrary to SDT and previous physical
activity research,40 including studies with a
cardiac sample.29,30 However, another longitu-
dinal study also reported a non-significant link
between self-determined motivation and phys-
ical activity change.50 One explanation for this
non-significant result is that self-determined
motivation may be more important in the long-
term27 and the follow-up period in the present
study may not have been long enough to cap-
ture this relationship. Indeed, self-determined

motivation has been hypothesized to play a
larger role in maintaining health behaviors
such as physical activity.51 In support of this
premise, a recent study demonstrated that reg-
ular exercisers have stronger self-determined
motivation compared to exercise initiates.52

Specific to cardiac individuals, self-determined
motivation was shown to be an important pre-
dictor of physical activity maintenance after
cardiac rehabilitation.28 Therefore, self-deter-
mined motivation may in fact play out in the
later phases of behavior change. Future
research should test an integrated SDT and
SET model to predict long-term physical activi-
ty (i.e., 12 months).

Second, 2-month confidence had a signifi-
cant relationship with 2-month physical activi-
ty rather than residual change at 4-month.
This result is not consistent with our hypothe-
sis, SET10 and past research.20 The non-signif-
icant relationship between the motivational
variables of confidence and self-determined
motivation with physical activity could be
explained by a motivational-behavior gap.
Therefore, the presence of other mediating
/indirect factors might need to be considered to
address this gap. Possible mediating factors
are intentions and planning. Intentions have
been found to mediate the relationship
between self-determined motivation with
physical activity.50 Another study with a cardiac
population revealed that self-determined moti-
vation had a stronger relationship with plan-
ning than with intentions.53 Other studies with
cardiac rehabilitation participants have high-
lighted the role planning has played in predict-
ing physical activity.54,55 Furthermore, a recent
review of physical activity interventions
demonstrated that self-regulation variables
(such as planning) had the most support for a
mediating effect on the intervention-physical
activity relationship.56 Therefore, a more in
depth investigation of the processes between
motivational variables of self-determined moti-
vation and confidence with physical activity is
warranted.

Finally, past physical activity was found to be
the sole significant predictor of physical activ-
ity at four months. This finding is consistent
with previous research and SET.10,57 It is
important to include past physical activity as
prior studies often omitted this variable from
analytical models despite being a consistent
predictor of future behavior.57

Strengths, limitation and future
research

The use of theory in predicting health
behaviors such as physical activity is a
strength of this study as theories have been
underutilized in health behavior research.58,59

As previously mentioned, fully testing the inte-
gration model was a clear strength of this
study due to the recent calls for theory integra-

tion.12,13 Although Sweet and colleagues16 inte-
grated SDT and SET, they used a cross-section-
al sample. Therefore, using longitudinal data
in this study adds to the cross-sectional inte-
gration model and hints at the sequencing
between constructs. In addition, using a longi-
tudinal design fills a gap in the cardiac litera-
ture, since most studies with a cardiac popula-
tion are cross-sectional in nature.8

The use of objective physical activity data
would be needed in future research as the cur-
rent investigation was based on a self-report
physical activity questionnaire. This study had
a small sample size which limited the analyses.
With a larger and more diverse sample, future
studies could retest this integrated model
using structural equation modeling.
Furthermore, a larger sample would allow
future studies to test the longitudinal integrat-
ed model using an autoregressive/cross lagged
model. This type of analysis would be of great
benefit as it could determine what the best
sequence is between all variables over the
entire length of the 4-month program. Finally,
this study was limited to four months and
therefore future studies could focus on longer-
term physical activity, especially post-cardiac
rehabilitation program.

Conclusions
Although the motivational constructs did not

predict residual change in 4-month physical
activity, the integrated model still partially sup-
ported SDT and SET and had good model fit,
suggesting that combining SDT and SET can
hold together in one model. This integrative
insight is especially important when looking at
the broader social problem of physical inactivi-
ty. Instead of accumulating mini-literatures for
each specific theory, as indicated by Noar and
Zimmerman,12 we may gain more insight and
knowledge on the physical activity behavior
change process if we begin to join theoretical
forces. Future research testing integrative
models is still needed to augment our under-
standing of the constructs leading to physical
activity participation.
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