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1. Introduction

The question as to whether motivation predicts student academic
achievement is important in educational psychology. Interest in this
issue has grown among education researchers and school profes-
sionals because student motivation can change with environmental
and interpersonal factors. That is, parents, teachers, and other school
professionals can create the conditions for student motivation to
flourish (Reeve, 2002) and have the potential to improve their
academic performance. Until now, studies on the linkages between
academic motivation and academic achievement have used diverse
theoretical approaches such as achievement goals (Wolters, Yu, &
Pintrich, 1996), intrinsic motivation (Goldberg & Cornell, 1998),
competence beliefs (Guay, Marsh, & Boivin, 2003), value attribution/
control beliefs (Denissen, Zarrett, & Eccles, 2007; Stupnisky et al.,
2007), and interests (Marsh, Trautwein, Lüdtke, Köller, & Baumert,
2005).

In this study, we explored two motivational factors that have
repeatedly been associated with academic achievement, namely
autonomous academic motivation (see Guay, Ratelle, & Chanal,
2008, for a review) and academic self-concept (see Marsh, 2007, for
a review). Specifically, we examined the relations among academic
self-concept, autonomous academic motivation, and academic
achievement by contrasting three conceptual models. This allowed
us to determine whether 1) autonomous academic motivation
mediates the relation between academic self-concept and achieve-
ment, 2) academic self-concept mediates the relation between
autonomous academic motivation and achievement, or 3) both
constructs have additive contribution to the prediction of achieve-
ment. Testing the relations among these constructs is especially
important as research on academic self-concept has developed almost
independently of research on autonomous academic motivation, with
few studies connecting the two constructs. In this study, we attempt
to answer these questions by means of a longitudinal design using a
structural equationmodeling (SEM) framework.We begin by defining
the constructs of academic self-concept and autonomous academic
motivation. We then present three conceptual models that can
explain the relations among these constructs.

1.1. Academic self-concept and achievement

Academic self-concept is an evaluative self-perception that is
formed through the student's experience and interpretation of the
school environment (Marsh & Craven, 1997; Shavelson, Hubner, &
Stanton, 1976). Determining the direction of the relation between
academic self-concept and academic achievement has been a critical
issue in this field of research. Research has contrasted the self-
enhancement and skill development models (Calsyn & Kenny, 1977).
According to the self-enhancement model, self-concept is a determi-
nant of academic achievement, whereas the skill development model
proposes that academic self-concept is a consequence of academic
achievement. In past research, these models were tested using the
magnitude of cross-lagged relations to determine the potential causal
predominance between the two variables. In other words, effect sizes
of prior achievement on subsequent self-concept (in support of skill
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development models) were compared with effect sizes of prior self-
concept on subsequent achievement (in support of self-enhancement
models).

According to Marsh and his colleagues (see Marsh, Byrne, & Yeung,
1999) comparing these effects to support either model is inadequate.
A more realistic compromise between the self-enhancement and skill
development models would be a reciprocal-effects model, whereby
prior self-concept predicts subsequent achievement and prior
achievement predicts subsequent self-concept. Marsh and Yeung
(1998) reviewed the literature on this reciprocal relation and
concluded that, despite some methodological limitations and hetero-
geneity in terms of design, age, and sample, the research consistently
supported a reciprocal relation between these variables (see also
Marsh, 2007, for a review). In addition, past research has shown that
the reciprocal relation between these constructs is observed with a
general measure of academic self-concept (e.g., Guay, Marsh, et al.,
2003) as well as with one that is specific to a given school subject (e.g.,
Marsh et al., 2005). Thus, global or specific academic self-concept
would contribute to academic achievement, which would in turn
enhance academic self-concept, and so on.

In examining these reciprocal relations, we wondered whether
other variables were involved. We propose that motivation is the
process that explains how academic self-concept contributes to
achievement, which is consistent with expectancy-value theory
(Wigfield & Eccles, 2000), self-concept theory (Harter, 1999; Marsh,
2007), and self-determination theory (SDT; Deci & Ryan, 1985).
However, few studies have examined the mediating role of academic
motivation in the relation between academic self-concept and
achievement. The goal of the present study was to test this mediating
effect from a self-determination perspective of academic motivation.

1.2. Autonomous academic motivation and achievement

SDT proposes that there are different types of motivation,
reflecting different levels of self-determination (i.e., the extent to
which behavior originates from the self; Deci & Ryan, 1985). Intrinsic
motivation is the most self-determined form of motivation and it
occurs when a person engages in an activity for its own sake, for the
pleasure and satisfaction derived from it. Of course, not all behaviors
are intrinsically motivated, some are extrinsically motivated. Extrinsic
motivation involves engaging in an activity as a means to an end
rather than for its intrinsic qualities. According to SDT, there are
several types of extrinsic motivations, differing in their underlying
level of self-determination. From the lowest to highest levels of self-
determination, the different types of extrinsic motivation are external
regulation, introjected regulation, identified regulation, and integrat-
ed regulation. External regulation refers to behaviors that are not self-
determined, being regulated by external means such as rewards and
constraints. Regulation is introjected when behaviors are partly
internalized, but this internalization is not coherent with other
aspects of the self. For example, individuals can act in order to rid
themselves of guilt, lessen anxiety, or maintain a positive self-image.
Identified regulation occurs when behaviors are performed by choice,
because the individual considers them to be important. For example, a
student might not enjoy college, but decides to pursue a college
education because it is an important step toward entering the job
market in a desired field. According to SDT, an external source of
motivation can progressively transform into an identified regulation
(personal value) through the process of internalization. When a
behavior that was initially externally motivated becomes regulated by
identification, it becomes as effective as intrinsically motivated
behaviors in producing positive outcomes. Finally, integrated regula-
tion occurs when identified regulations are congruent with the
individual's values and needs. However, this form of regulation was
not addressed in this study. A final type of motivation posited by SDT
is amotivation, characterized by a lack of intentionality, and therefore
a relative absence of motivation (whether intrinsic or extrinsic).
Amotivated individuals experience feelings of incompetence and lack
of control.

Past research on SDT has distinguished between motivations that
are autonomous (intrinsic motivation and identified regulation),
controlled (introjected and external regulations) and amotivated.
These scores have been used by SDT researchers to calculate a relative
autonomy index (RAI), which captures individuals' level of autono-
mous motivation relative to their level of controlled motivation or
amotivation (e.g., Guay, Mageau, & Vallerand, 2003; Hein & Hagger,
2007; Niemiec et al., 2006; Ratelle, Guay, Larose, & Senécal, 2004;
Vallerand, Fortier, & Guay, 1997). This measure is typically used in the
context of large and complexmodels because it reduces the number of
variables being assessed, thereby increasing the model's parsimony.
In the present context, a high positive score on the RAI indicates that
the student is motivated to attend school by autonomous reasons
(e.g., because it's fun, because it's important) more than by controlled
or amotivated ones (e.g., because he feels coerced to go, because his
parents reward him for going).

Recently, Guay et al. (2008) reviewed the research on the relation
between autonomous academic motivation (i.e., a global measure)
and academic achievement and concluded that there is some support
for the fact that prior autonomous academic motivation predicts
subsequent academic achievement (see also Guay & Vallerand, 1997).
However, they underscored the scarcity of longitudinal studies using a
repeated measures design to test this relation.

1.3. Relations between academic self-concept, autonomous academic
motivation, and achievement

Fig. 1 presents three conceptual models that represent the
relations among the variables under study. The first model, which is
based on SDT and self-concept theory (Marsh, 2007), proposes that
autonomous academic motivation mediates the contribution of
academic self-concept to academic achievement (see Fig. 1a). That
is, because they feel competent when performing academic tasks,
students will experience an increase in autonomous academic
motivation, which will make them achieve higher scores on their
assignments and exams. Some cross-sectional and longitudinal
studies have provided preliminary support for this model (e.g.,
Fortier, Vallerand, & Guay, 1995; Guay & Vallerand, 1997). For
example, Guay and Vallerand (1997) have shown, using a half-
longitudinal design and general measures of self-concept, autono-
mous academic motivation (i.e., not specific to school subjects), and
grades, that autonomous academic motivation (as assessed by the
RAI) mediates the academic self-concept–academic achievement
relation.

Other studies have tested this meditational model for conceptu-
ally-related constructs, namely academic interests and academic
intrinsic motivation. Indeed, as stated above intrinsic motivation is
included in the calculation of the RAI and some studies (see Guay
et al., 2008) have shown that intrinsic motivation and autonomous
academic motivation might have similar patterns of findings when
predicting school outcomes. Marsh et al. (2005) conducted two
longitudinal studies to verify whether interest toward math mediates
the relation between math self-concept and grades in math. The
results of their cross-lagged SEM analyses supported a reciprocal
relation between math self-concept and grades. In addition, their
results provided some support for a reciprocal relation between math
interests and self-concept. However, the cross-lagged relations
between math interests and grades were not significant. Using
measures that are not specific to a given school subject, Goldberg
and Cornell (1998) observed similar relations using intrinsic
motivation, autonomous judgment, and perceived competence (a
concept akin to self-concept) as predictors of academic achievement.
Specifically, cross-lagged longitudinal analyses indicated that prior



Fig. 1. Conceptual models of relations among academic self-concept, autonomous academic motivation, and achievement.
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self-concept predicted subsequent academic achievement rather than
the reverse. However, whereas the association of prior achievement to
subsequent self-concept was not significant, prior achievement
predicted subsequent intrinsic motivation and autonomous judg-
ment. Neither intrinsic motivation nor autonomous judgment
predicted subsequent academic achievement, although both variables
predicted academic self-concept. Marsh et al. (2005) and Goldberg
and Cornell (1998) studies are interesting for several reasons.
Although they have used different measures (intrinsic motivation
vs. interests, perceived competence vs. self-concept) at different
levels of specificity (school subject-specific vs. school in general) they
come to similar conclusions.

The evidence in support of the first model is therefore mixed.
When the RAI is used to capture autonomous academic motivation,
the mediation model of autonomous academic motivation holds, but
when other, similar constructs (i.e., intrinsic motivation and interest)
are used, it is not supported. In addition, it should be noted that Marsh
et al. (2005) and Goldberg and Cornell (1998) used sophisticated
longitudinal designs, whereas studies that focused on autonomous
motivation per se did not (e.g., Guay & Vallerand, 1997). Thus, we
need to test whether autonomous academic motivation remains a
significant mediator when more rigorous analyses and longitudinal
design are applied.

The second posits that academic self-concept plays a meditational
role between autonomous academic motivation and achievement
(see Fig. 1b). That is, because students who are autonomously
motivated may be more proactive at school, they will develop a
positive academic self-concept, and consequently improve their
grades. Very few studies have tested this model, although Guay,
Boggiano, and Vallerand (2001) showed in a longitudinal study that
academic intrinsic motivation predicted subsequent academic self-
concept, whereas prior academic self-concept did not predict
subsequent academic intrinsic motivation. However, their study
entails some weaknesses: analyses were based on simple regression
equations alone, the sample size was small, and academic achieve-
ment was not assessed. Nevertheless, we may argue that the
previously mentioned results of Marsh et al. (2005) and Goldberg
and Cornell (1998) support the mediation model of academic self-
concept. In fact, these studies found that prior academic interests or
intrinsic motivation predicted subsequent self-concept, which itself
predicted subsequent achievement.

The third model is consistent with the Connell and Wellborn
(1991) model of self-system processes, and posits that students need
to perceive themselves as competent (i.e., academic self-concept) and
be autonomously motivated to achieve good grades (i.e., an additive
model; see Fig. 1c). Grolnick, Ryan, and Deci (1991) tested this
additive model using a cross-sectional design. Results from SEM
analyses showed that both perceived academic competence (or self-
concept) and autonomous academic motivation were associated with
academic achievement, as measured by grades and standardized
achievement scores. It is important to note that in Grolnick et al.
(1991) study, the contribution of perceived academic competence
(β=.28) was significantly higher than that of autonomous academic
motivation (β=.07; t [453]=3.79, pb .01). In a study by Spinath,
Spinath, Harlaar, and Plomin (2006), when intelligence, intrinsic
value, and perceived ability were entered simultaneously into a
regression analysis, only intelligence and perceived ability in Math
and English predictedMath and English grades. Although they did not
control for intelligence, Grolnick and Slowiaczek (1994) found similar
results: perceived academic competence predicted school grades,
whereas autonomous academic motivation did not. From these
research findings, we can conclude that the evidence in support of
the additive model is mixed.

In sum, previous studies did not unequivocally support one model
over the others. When the RAI score is used as a measure of
autonomous motivation, the mediation model of autonomous
academic motivation appears to prevail. However, when interest or
intrinsic motivation are used, the mediation model of academic self-
concept is supported with either general or subject-specific measures.
It should be noted that the design used in studies providing credence
to the mediation model of academic self-concept is more rigorous
than those used to support the mediation model of autonomous
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academic motivation. In order to alleviate this limitation, the three
models will be tested by means of a longitudinal design using a
structural equation modeling (SEM) framework.

1.4. Structural equation modeling (SEM) framework for testing
mediation models with longitudinal data

Cole and Maxwell (2003) have proposed different steps to test
mediation models with longitudinal data involving at least three
measurement occasions. Because this study contains only two
measurement occasions, we have slightly adapted those steps. The
first step tests the adequateness of the measurement model. That is,
without an adequate measurement model, testing mediating models
could be dubious. The second step verifies the invariance of factor
loadings over time. Having factor loadings that are not equivalent
across measurement times implies that participants do not under-
stand the construct in the same way from one year to the next, which
could compromise the interpretations of the observed effects. The
third step allows verifying if unmeasured variables can explain some
of the relations among variables included in the model. This test
implies the comparison of a full model to a reduced model. The full
model contains the following parameters: a) exogenous variables
have direct effects on endogenous variables, b) exogenous variables
are correlated, and c) endogenous variables are correlated. The
reduced model is identical to the full model except that endogenous
variables are no longer correlated. If the reduced model differs from
the full model, one can conclude that unmeasured variables might
explain the relations among endogenous variables, which may lead
investigators to search for other potential predictors. The fourth step
verifies if other models can explain the relations among constructs of
interest in amore parsimonious way than the full model. This stepwill
be achieved by only keeping paths from the full model that are
included in the three conceptual models presented in Fig. 1.
Specifically, Cole and Maxwell (2003) recommend a pair of longitu-
dinal tests where a) the Time 1 independent variable predicts the
Time 2 mediator (path a) while controlling for the Time 1 mediator,
and b) the Time 1 mediator predicts the Time 2 dependant variable
(path b) while controlling for the Time 1 dependant variable.

2. Method

2.1. Participants and procedure

In fall 2004 (Time 1; T1), 925 high school students (404 boys and
521 girls) completed a questionnaire in class. Mean age of the
participants was 13.76 years (SD=1.10) and 91% were born in the
province of Quebec. In fall 2005 (Time 2; T2), a web questionnaire was
sent to all participants and completed by 828 of them, for a 90%
response rate. In the statistical analyses section, we address the issue
of missing data.

2.2. Measures

2.2.1. Academic self-concept
The Perceived Competence Scale, developed in French by Losier,

Vallerand, and Blais (1993), was used to measure academic self-
concept. This instrument used a 7-point scale and included four items
(i.e., “I have trouble doing my schoolwork properly”—reverse scoring;
“As a student, I have developed very good competencies; I do not
believe that I am a very talented student”—reverse scoring; “Overall, I
think that I am a good student”). Cronbach alphas for this measure
were .78 and .74 for T1 and T2, respectively. These scores were highly
correlated (above .54) with student grades obtained from official
report cards. These correlations are consistent with the findings of
previous studies on the relation between academic self-concept and
academic achievement (Guay, Marsh, et al., 2003).
2.2.2. Autonomous academic motivation
The Academic Motivation Scale (AMS; Vallerand, Blais, Briere, &

Pelletier, 1989) was used to assess students' motivation toward school
activities. The AMS is composed of seven subscales containing four
items each. Each item represents a possible reason (or motivation) for
attending school. Three subscales assess three types of intrinsic
motivation: knowledge, accomplishment, and stimulation. Three
subscales assess three types of extrinsic motivation: identified,
introjected, and external regulation. Finally, the seventh subscale
assesses amotivation. Items were scored on a 7-point Likert scale. To
reduce the length of the questionnaire, students did not complete all
subscales but only the following: intrinsic motivation for knowledge,
identified regulation, introjected regulation, external regulation, and
amotivation, resulting in a 20-item scale (four items per subscale). As
mentioned earlier, we used the RAI to reduce the number of variables
assessed in our model. In line with previous research (e.g., Guay,
Mageau, et al., 2003; Guay, Marsh, et al., 2003; Ratelle et al., 2004;
Vallerand et al., 1997), the RAI was computed by assigning to each
motivation subscale a weight that represents its amount of self-
determination. Consequently, positive weights were placed on
autonomous forms of motivation and negative weights on controlled
motivations or amotivation. Hence, a weight of +2 was assigned to
the intrinsic motivation score because it represents the most self-
determined form of motivation. A weight of +1 was assigned to the
identified regulation score because it is a self-determined form of
motivation, although not as much as intrinsic motivation. For
introjected and external regulations, a weight of −1 was assigned
to them because these are controlled forms of motivation. Finally, a−2
weight was assigned to the amotivation score because it is the less self-
determined form of motivation. The following formula was used:
(2 intrinsic motivation+identified regulation)−((introjected regula-
tion+external regulation)/2+2 amotivation)). Cronbach alphas for the
various AMS subscales across measurement times ranged from .72 to .91.

2.2.3. Academic achievement
A cumulative measure of academic achievement was obtained

from the official school transcripts for each of the two school years.
Grades are usually reported in percentages in the Quebec educational
system. To obtain a cumulative measure of achievement for a given
school year, the school administration simply computed students'
grades in various school subjects for the entire school year.

2.3. Statistical analyses

2.3.1. Goodness of fit
All structural equation modeling analyses were performed on

covariancematrices usingMplus (version 5;Muthén &Muthén, 2007)
with the maximum likelihood estimation procedure. To evaluate
model fit, we used the Comparative Fit Index (CFI), the Tucker–Lewis
Index (TLI), the Root Mean Square Error of Approximation (RMSEA),
and the chi-square test statistic (the robust version because the data
were not normally distributed). The NNFI and CFI vary along a 0-to-1
continuum where values greater than .90 typically represent an
acceptable fit (Schumacker & Lomax, 1996). Browne and Cudeck
(1993; also see Jöreskog & Sörbom, 1993) suggest that RMSEA values
lower than .05 indicate a close fit and that values up to .08 represent
reasonable errors of approximation. However, Hu and Bentler (1999)
called for more stringent cutoff values for goodness of fit indices, such
as .95 for the CFI and NNFI and .06 for the RMSEA.

2.3.2. Correlated uniquenesses
In line with Marsh and Hau (1996), our SEM models estimated

correlated uniquenesses between the same constructs measured on
the two occasions to reducemethod/halo effects. In the present study,
the models that estimated correlated uniquenesses fitted the data
significantly better than models that did not. In addition, two
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correlations involving items for academic self-concept within a specific
measurement time were estimated (r(item1, item3), r(item2, item4)). Based on
our preliminary analyses, and in order to facilitate interpretation of the
results, we focus our discussion onmodels with correlated uniquenesses.

2.3.3. Missing data
The descriptive analyses indicated that, of the initial sample of 925

participants at T1, 828 (90%) completed the second data wave. Although
small, this loss of participants can bias the results, because the
participants who did not complete the second questionnaire may have
particular characteristics that may undermine the validity of the study.

We tested whether the participants who completed the two data
waves were equivalent to those who provided data at T1 only. A
MANOVAwas performed to test themain effects of participation groups
(1 wave vs. 2 waves) on the 25 indicators of the latent constructs at T1.
The results revealed a significant multivariate difference between the
two groups (F[25, 815]=1.94, pb .05). It is important to note that of the
25 indicators, eight presented a significant effect (30%). Of these
significant effects, only one explained more than 1% of the variance.
Specifically, students who participated at bothwaves had higher grades
(M=72.29) than students who only participated at T1 (M=67.31).
Given these differences, we have decided to correct these potential
biases by estimating missing observations instead of using a “Listwise”
deletion ofmissing cases. Several researchers have shown that this latter
method, as well as other ad hocmethods such asmean substitution, are
inappropriate for dealing with missing data (Davey, Shanahan, &
Schafer, 2001; Peugh & Enders, 2004). In the present study, the Full
Information Maximum Likelihood (FIML) approach was used to
estimate missing values. This data handling method rebuilds the
covariance matrix and the sample mean estimates, and many studies
have suggested that it generally produces the least biased and most
efficient parameter estimates (Peugh & Enders, 2004).
3. Results

3.1. Step 1: test of the measurement model

Means, standard deviations, and minimum and maximum values
for all variables are presented in Table 1. Model 1, which verified the
adequacy of the measurement model, yielded adequate fit indices
(see Table 2), thereby providing good support for the fact that the
indicators relate to one another in the ways prescribed by the
measurement model. Correlations among latent constructs are
presented in Table 3. The three autocorrelations indicated that all
constructs were stable over time (rsN .50). Correlations indicated that
academic self-concept and autonomous academic motivation were
moderately related, and that academic self-concept appeared to be
Table 1
Descriptive statistics for model variables.

Variable N Mean SD Minimum Maximum

Academic achievementa

Time 1 925 71.78 8.82 47.00 94.00
Time 2 925 70.76 9.09 9.00 95.00

Autonomous academic motivationb

Time 1 925 4.75 5.38 −13.50 17.25
Time 2 925 7.20 4.37 −12.00 18.00

Academic self-conceptc

Time 1 925 4.89 1.28 1.00 7.00
Time 2 925 5.22 1.02 1.00 7.00

a Scores ranged from 0 to 100.
b Scores ranged from −18 to +18.
c Scores ranged from 1 to 7. Note that means on Time-2 constructs were imputed

with the SPSS EM missing values procedure.
more strongly correlated (both cross-sectionally and longitudinally)
with achievement than was autonomous academic motivation.
However, these relations were liable to differ when testing the
models proposed in Fig. 1, because they take into account the unique
contributive effect of the independent variable on the dependant
variable.

3.2. Step 2: tests of equivalence of factor loadings

Model 2 tests the invariance of factor loadings across measure-
ment times. Fit indices of Model 2 were adequate, but this model did
differ from Model 1, thereby indicating that the meaning of the
constructs slightly changed over time. Inspection of statistical tests
revealed that two loadings of the autonomous motivation latent
construct were not invariant through time (loadings 2 and 4).
However, fit indices (CFI, TLI, and RMSEA) of Models 1 and 2 were
nearly identical. Given that differences appear to be inconsequential
in terms of model adequateness, we have decided to fix all loadings to
equality.

3.3. Step 3: test of added components

In Model 3, all factor loadings were fixed to equality over time. In
addition, Model 3 tested all possible paths among exogenous and
endogenous variables as well as correlations among exogenous
variables and correlations among disturbances (see Fig. 2). Model 4
was identical to Model 3, except that correlations among disturbances
were not estimated.Model 3 and 4 offered good fit indices (see Table 2).
However, Model 3 offered a better fit to the data than Model 4, thereby
indicating that variables not included in the model could explain some
of the relations among variables included in the model. This result will
be discussed more extensively in the discussion section.

3.4. Step 4: test of omitted paths

In this final step, we tested three models and compared them to
the full model (Model 3). Model 5 tested the mediation model of
autonomous academic motivation (see Fig. 3). Model 6 verified the
mediation model of academic self-concept (see Fig. 4), whereas
Model 7 tested the additivemodel (see Fig. 5). Models 6 and 7 differed
significantly (pb .01) from Model 3 whereas Model 5 did not differ,
which indicated that this more parsimonious model fitted the data
best (see Table 3). Based on these results, we kept Model 5 as the best
model and based our interpretations on it.

In Model 5, the path connecting T1 academic self-concept to T2
autonomous academic motivation was positive (β=18; pb .05) as
well as the one connecting T1 autonomous academic motivation to T2
academic achievement (β=.14; pb .05). Consistent with mediation
principles, the path connecting T1 academic self-concept and T2
academic achievement was nonsignificant (β=−.003), but in a
subsequent model (Model 8; see Table 2), this path was significant
(β=.15) when other cross-lagged paths included in model 5 were
fixed to 0. The Sobel's (1982) test of the indirect effect (a b) was not
equal to 0 (ab=0.184, S.E.=0.074, p=0.013). These findings thus
provide good support for the mediation model of autonomous
academic motivation.

4. Discussion

The purpose of this study was to test three conceptual models
describing the linkages between academic self-concept, autonomous
academic motivation, and academic achievement. The first model
posited that autonomous academic motivation mediates the relation
between academic self-concept and achievement. The second model
posited that academic self-concept mediates the relation between
autonomous academic motivation and achievement. The third model



Table 2
Confirmatory factor analyses and structural equation modeling analyses: model fit statistics.

Model Description χ2 df CFI TLI RMSEA CI RMSEA Comparison Δdf Δχ2

CFA models
Model 1 Measurement model 181.15 110 .99 .98 .026 [.029–.041]
Model 2 Factor loadings invariance 201.41 116 .98 .98 .028 [.022–.035] M3 vs. M1 6 20.11*

SEM models
Model 3 Full model: disturbances correlated 201.41 116 .98 .98 .028 [.022–.035]
Model 4 Full model: disturbances not correlated 282.46 119 .97 .96 .039 [.033–.044] M4 vs. M3 3 99.23*
Model 5 Mediation Model of Autonomous Academic Motivation 205.34 119 .98 .98 .028 [.021–.034] M5 vs. M3 3 3.85
Model 6 Mediation model of academic self-concept 215.62 119 .98 .98 .030 [.023–.036] M6 vs. M3 3 15.54*
Model 7 Additive model 216.37 120 .98 .98 .029 [.023–.036] M7 vs. M3 4 15.82*
Model 8 The total effect of academic self-concept on academic achievement 228.25 121 .98 .98 .031 [.025–.037]
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proposed that autonomous academic motivation and academic self-
concept have additive contributions in predicting achievement.
Testing these models is especially important as research on academic
self-concept has developed almost independently of research on
autonomous academic motivation, with few studies connecting the
two constructs. The results of the SEM analyses provided stronger
support for the first model than for the other two. Below, we discuss
theoretical and practical implications for these results as well as the
limitations of the study and avenues for future research.

4.1. Implications

A first implication of our findings pertains to the role of autonomous
academicmotivation in the relation between academic self-concept and
achievement. In our study, we found that autonomous academic
motivation mediated this relation, such that students who perceived
themselves as academically competent obtained higher grades because
their academic self-concept led them to be more autonomously
motivated at school. These findings are consistent with SDT (Deci &
Ryan, 1985, 2002),whichproposes that perceiving oneself as competent
(i.e., having a positive academic self-concept) increases autonomous
academicmotivation, especially when people perceive an internal locus
of causality (i.e., they feel that they perform a given behavior without
any internal or external pressure). In such cases, positive outcomes are
observed, including higher achievement. In a similar vein, Vallerand
(1997) hierarchical model of intrinsic and extrinsic motivation posits
that autonomous motivation explains why competence (or positive
self-concept) can predict positive outcomes such as achievement. Our
findings on themediating role of autonomousmotivation in the relation
between self-concept and achievement are thus consistent with this
theoretical model.

Second, our results also have implications for the findings of Marsh
et al. (2005), who found that academic interests (a concept akin to
autonomous motivation) did not mediate the relation between
academic self-concept and subsequent grades. One reason for this
apparent contradiction is the exact nature of the mediating variable.
Whereas Marsh et al. focused on academic interests, or the intrinsically
motivating aspect of autonomous motivation, our measure involved a
more complex motivational spectrum encompassing intrinsic motiva-
Table 3
Correlations among model variables.

1 2 3 4 5 6

1. ACH-T1 –

2. ACH-T2 .78 –

3. ACS-T1 .60 .51 –

4. ACS-T2 .44 .52 .58 –

5. AUTOM-T1 .35 .39 .60 .40 –

6. AUTOM-T2 .30 .36 .40 .63 .54 –

Note: ACH=academic achievement; ASC=academic self-concept; AUTOM=autonomous
academic motivation; all coefficients were significant at pb .05.
tion, identified regulation, introjected regulation, external regulation,
and amotivation. It is therefore possible that, from a motivational point
of view, intrinsic motivation and awareness of the importance of the
academic task are two optimal but distinct prerequisites for student
achievement in high school. In fact, in schools where extrinsic
contingencies and constraints are salient (e.g., few opportunities for
course selection, competition, etc.), students may realize that an
educational task is boring but nonetheless believe it to be important.
This realizationmayhelp thempersist irrespective ofwhether or not the
task is interesting (see also Ratelle, Guay, Vallerand, Larose, & Senécal,
2007). Similar findings with respect to motivation toward the
environment were reported by Koestner and Losier (2002). Another
explanation for the divergent results observed may stem from the fact
that Marsh et al. (2005) evaluated academic self-concept and interests
toward a specific school subject (math) whereas, in this study, we have
assessed autonomous academic motivation and academic self-concept
in a general way (school level). Though this may be a valuable
explanation, it is important to keep in mind that previous studies have
reported similar findings for specific and global measures (Goldberg &
Cornell, 1998; Guay, Mageau, et al., 2003; Guay, Marsh, et al., 2003).
Consequently, we believe that the mixed findings observed are not due
to the specificity of the measures, but rather to the nature of the
construct.

Third, some might argue that our pattern of correlations suggests
that the proximal predictor of grades is not autonomous academic
motivation but rather academic self-concept. In fact, the longitudinal
and cross-sectional correlations indicated that academic self-concept
was more strongly correlated with academic achievement. What is
important to consider, however, is the final model, which controlled
for shared variance between academic self-concept and autonomous
academic motivation. In this model, only the unique variance of
autonomous academic motivation predicted academic achievement,
and the portion of competence that was independent from autono-
mous motivation was not a significant predictor of academic
achievement.

Finally, our model comparison (Model 3 vs. Model 4) revealed that
some variables outside the model could explain some of the relations
among variables included in the model. Related to this point, SDT
(Deci & Ryan, 2002) proposed that in addition to perceived
competence (or self-concept), perceived relatedness (feeling
connected to others, to caring for and being cared for by those
others), and perceived autonomy (acting volitionally, in linewith who
we are) are two important predictors of autonomous academic
motivation. It would be thus important in future research to include
those variables in the prediction of academic achievement.

4.2. Limitations

In interpreting these findings, it is important to consider the
limitations of this study. First, there is some controversy surrounding
the possibility that SEM longitudinal analyses capture potential



Fig. 2. Results of the full model.
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“causal processes”, because a third variable can explain the relations
between the variables (Cole & Maxwell, 2003). Although most third-
variable problems can be resolved by incorporating appropriate
Fig. 3. Results of the mediation model o
measures of these potentially problematic influences into structural
equation models, it is impossible to collect the measures of all
potential third variables, such that this alternative explanation will
f autonomous academic motivation.



Fig. 4. Results of the mediation model of academic self-concept.
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always threaten the validity of interpretations. We can therefore not
conclude that the relations among variables included in our model are
causal.
Fig. 5. Results of the
A second limitation concerns the pattern of missing data. While
estimates of missing values are preferable to case deletion, the fact
that some differences were observed between participants who
additive model.
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completed both questionnaires and those who completed a ques-
tionnaire at T1 only might have biased our results. These findings
should thus be replicated to increase their validity.

In addition to the above suggestions, future research should test
these effects at different developmental stages. While we would
expect the academic self-concept→autonomous academic motiva-
tion→achievement sequence to consolidate in later years (e.g.,
during college or university), we are not sure when in childhood
this sequence begins to develop. Another research avenuewould be to
replicate these findings in specific school subjects. In the present
study, self-concept, autonomous motivation, and achievement were
assessed in general, irrespective of specific school subjects. In light of
research showing that students can differentiate these constructs
among school subjects (e.g., Green, Martin, & Marsh, 2007), it would
be interesting to verify whether the mediating role of autonomous
academic motivation operates equally in math, writing, reading, and
so on.

4.3. Conclusion

This study examined longitudinal relations among academic self-
concept, autonomous academic motivation, and achievement. In line
with SDT, our findings suggested that autonomous academic
motivation mediates the relation between academic self-concept
and academic achievement. These findings have important implica-
tions, not only for research on academic self-concept and motivation,
but also for interventions designed to increase student achievement in
high school. For example, conditions could be established to increase
student perception of competence at school, which could promote
autonomous motivation (i.e., choice, decision-making, and enjoy-
ment) instead of obligation and pressure, thereby potentially
increasing students' achievement levels. Interventions could target
school competences by means such as adapting the level of challenge
to students' abilities, providing regular competence feedback to
students, and showing support and interest in their progress (Deci
& Ryan, 2002).
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