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This study examined the measurement and latent construct invariance of the Aca-
demic Motivation Scale (Vallerand, Blais, Briere, & Pelletier, 1989; Vallerand et al.,
1992, 1993) across both gender and time. An integrative analytical strategy was used
to assess in one set of nested models both longitudinal and cross-gender invariance,
and “interactional” and “simple” tests of invariance (e.g., cross-gender invariance
across waves) were conducted. Results from a sample of 643 students (322 boys and
321 girls) across a 3-year time span showed good longitudinal cross-gender factorial
invariance with different degrees of invariance depending on the sample, the educa-
tional level, or both. Implications for the validity of the Academic Motivation Scale,
as well as for research on factorial invariance, are discussed.

Over the past 30 years, research on student motivation has flourished and remains a
contemporary and important topic in education and psychology. In education, mo-
tivation is primarily studied in relation to school performance, as well as to the
choices students make about which academic activities to engage in, their persis-
tence in continuing these activities, and the degree of effort they expend. Exploring
the why of students’ behavior, several motivation theorists have made a distinction
between intrinsic and extrinsic motivations (e.g., Deci, Vallerand, Pelletier, &
Ryan, 1991; Harter, 1981). Intrinsic motivation generally refers to performing an
activity as an end in and of itself—for the pleasure and satisfaction derived from
this participation (e.g., Deci, 1975). On the other hand, extrinsic motivation refers
to engaging in an activity as a means to an end; that is, to obtain something positive
or to avoid something negative external to the activity (Deci, 1975). However,
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some researchers have proposed a multidimensional view of extrinsic motivation.
For instance, according to self-determination theory (Deci & Ryan, 1985, 2000),
there are four types of extrinsic motivation: External and introjected regulations re-
fer to conducting an activity due to an external and internal (respectively) sense of
obligation to obtain something positive or to avoid something negative beyond the
activity itself (e.g., Deci & Ryan, 1985), whereas identified and integrated regula-
tions refer to engaging in an activity by personal choice (more or less integrated in
the self; see e.g., Deci & Ryan, 1985). These four types of regulatory processes fall
along a self-determination continuum from the least to most self-determined moti-
vation, that is external, introjected, identified, and integrated regulation. Intrinsic
motivation is defined as the prototype of self-determined activity and thus is placed
at the self-determined pole of this continuum, and amotivation (i.e., the relative ab-
sence of motivation) is placed at the opposite pole (for a complete review of
self-determination theory see Deci & Ryan, 2000).

To study intrinsic and extrinsic motivation according to self-determination the-
ory’s multidimensional perspective, a great deal of effort has been made to create
and validate multiconstruct scales. Along these lines, Vallerand and his colleagues
have developed the Academic Motivation Scale (AMS; Vallerand et al., 1992,
1993; its French version is the “Echelle de Motivation en Education” or EME;
Vallerand, Blais, Briere, & Pelletier, 1989). The AMS is one of the most frequently
used scales to measure intrinsic and extrinsic academic motivation. The AMS has
been integrated in empirical models which incorporate both determinants (e.g.,
school environment, parental engagement, professors’ behaviors) and conse-
quences (e.g., dropout, school performance, interest) of academic motivation (see
e.g., Guay & Vallerand, 1997; Pelletier, Séguin-Lévesque, & Legault, 2002;
Vallerand, Fortier, & Guay, 1997), providing support for its construct and predic-
tive validity. The AMS has also been validated with various populations, with
males and females, with English- and French-speaking students, across various
geographic areas (e.g., Canada, United States, France), and from senior high
school to university level. However, the AMS has never been tested for invariance
across different groups or across time. Considering that a few studies have reported
differences in motivation between females and males, the examination of
cross-gender invariance would allow the interpretation of whether observed differ-
ences are at the construct level (i.e., true motivational differences) or at the mea-
surement level (i.e., differences in scaling). Furthermore, support for the AMS’s
longitudinal invariance would enable researchers to further test hypotheses about
the development (i.e., change) in students’ motivation across education levels.

Confirmatory factor analysis (CFA) framework is ideally suited for testing
whether scores measure “the correct something” (rather than “nothing”; Thomp-
son, 2003) and whether the meaning of this “something” is equivalent across sam-
ples or times. Likewise, a recent review of literature by Vandenberg and Lance
(2000) indicated that interest in examining factorial invariance (FI) from a CFA
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perspective is pivotal and extensive. In fact, the authors detected more than 14 dif-
ferent recommended procedures for testing FI. This lack of consensus indicates
that FI procedures are still in development. Furthermore, Vandenberg and Lance
found 67 other articles in which other researchers used various approaches to test
FI, mostly across samples (i.e., gender, cultures, etc.) but also across time. How-
ever, no study has examined FI across both samples and time in only one group of
nested models. Therefore, testing FI of the AMS across gender and time provides
an interesting challenge for FI research. Moreover, this challenge is ever greater
due to the multidimensional nature of the AMS.

The purpose of the study was to examine further aspects of validity of the AMS
with elementary and junior high-school students (i.e., from 8th to 10th grade) us-
ing an integrated structural equation modeling strategy. In particular, the study si-
multaneously examined both longitudinal and cross-gender FI of the AMS with an
analytical strategy, using the mean and covariance structures (MACS) technique
(e.g., T.D. Little, 1997), and other new approaches proposed by structural equation
modeling theorists working on FI (see Vandenberg & Lance, 2000). Finally, the
study hoped to show the generalizability of this analytical strategy for testing both
interindividual (i.e., across samples) and intraindividual (e.g., across times) FI
combined.

METHODS

Participants and Procedure

The data analyzed in this study came from a large longitudinal project conducted
in an Ontario Catholic French-speaking school board (Pelletier, 2004). Over a pe-
riod of 3 years (from 2001 to 2003), 322 boys and 321 girls in 8th, 9th, and 10th
grades completed the French version of the AMS (Vallerand et al., 1989). Mean
ages for 8th, 9th, and 10th grades were 13-, 14-, and 15-years-old, respectively.
The questionnaire was answered during regular class hours. For the 8th graders,
questions were read aloud to ascertain a good understanding of the questions.
Ninth and 10th graders answered the questions independently.

Instrument

The AMS included five subscales assessing intrinsic motivation (IM), identified
regulation (ID), introjected regulation (IJ), external regulation (ER), and
amotivation (AM) with 4 items each, totaling 20 items. Students were asked “Why
are you going to school?” and the response choices for each item were rated on a
5-point Likert-type scale from 0 (does not correspond at all) to 4 (corresponds ex-
actly). The items can be found in Vallerand et al. (1989, 1992).
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Missing Data

In most longitudinal studies, missing data and attrition are frequent. This study was
no exception. More than 30 different missing patterns were detected in each boy and
girl sample. Among them, tworelevant attrition patterns were found in 9th-grade and
10th-grade waves. More specifically, 80 girls and 76 boys were absent from the
9th-grade wave, and 62 girls and 72 boys were absent from the 10th-grade wave. Al-
though the presence of these two missing patterns suggests using multisample tech-
niques for handling missing data (e.g., Muthén, Kaplan, & Hollis, 1987), the maxi-
mum likelihood estimate of missing data was used because of the presence of other
patterns and also because a multisample approach (in addition to the gender subdivi-
sion) may require a more complex design. Results from Kim and Bentler’s (2002)
test of homogeneity of means and covariances revealed that the missing completely
at random assumption for both means and covariances was not rejected for the boy
sample but was rejected for the girl sample. For the purpose of this study, it was as-
sumed that the data was missing atrandom (R.J.A. Little & Rubin, 1987). Therefore,
the study used Jamshidian and Bentler’s (1999) EM-type (Expected Maximization)
missing data procedures for multiple samples toreplace them. Then acomplete set of
data was worked on.

Analyzing Longitudinal Cross-Sample Invariance

The following sections describe the analytical strategy that was used in the study.
To provide useful information for interested researchers each aspect of the analy-
ses is detailed. Although the analyses were applied to the study data, further appli-
cations to other data are easily possible.

Parameters in MACS framework. The MACS approach, which was pro-
posed by T.D. Little (1997), distinguishes measurement and latent construct param-
eters. Measurement parameters correspond to pattern loadings (L), intercepts (T),
and measurement errors (0;). In this study, there were five subscales (i.e., intrinsic
motivation, identified regulation, introjected regulation, external regulation, and
amotivation) with 4 items each, totaling 20 items. Girls and boys responded to these
20 items each year for 3 years. Thus, this model involved 20(items) x 2(girls vs.
boys) x 3(waves) = 120 loadings, as well as 120 intercepts, and 120 errors.

Latent construct parameters. These are standard deviations (G), correla-
tions (y),! and means (). In this study, there were 5(motivational constructs) x
2(girls vs. boys) x 3(waves) = 30 latent standard deviations, as well as 30 latent

ILatent standard deviation is estimated via a regression path between the latent construct (for which
variance is fixed to zero) and a phantom variable (for which variance is fixed to 1). Latent correlation is
thus estimated by a covariance parameter between two phantom variables. For more information, the
reader is referred to Little (1997); see also McArdle & Cattell (1994).
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means. There were three types of correlations. First, there were the interrelations
among the five latent motivational constructs (i.e., intrinsic motivation, identified
regulation, introjected regulation, external regulation, and amotivation). The total
was 10(interrelations among motivational constructs) x 2(girls vs. boys) x
3(waves) = 60 correlations. Second, for each motivational construct one can assess
longitudinal stability by estimating correlations among latent factors across waves.
Three waves means there were three separate stability coefficients (i.e., from 8th to
9th grade, from 9th to 10th grade, and from 8th to 10th grade), totaling 3 x 5(moti-
vational constructs) x 2(girls vs. boys) = 30 correlations. A third type of correla-
tion involved relations among different motivational constructs across waves (e.g.,
intrinsic motivation in 8th grade with external regulation in 9th grade). Because
this was not the scope of this study, theoretical meaning was not associated with
this last group of correlations.

Finally, in both girl and boy groups, adjacent cross-time correlations among
measurement errors were estimated, totaling 20(items) x 2(adjacent pairs of er-
rors; i.e., from 8th to 9th grade and from 9th to 10th grade) =40 error correlations.

Standardization and identification. When estimating a one-sample CFA
model, there are two ways to standardize a latent construct (i.e., reach scale identi-
fication). A direct way is to fix the variance (i.e., 1| = 1, or the standard deviation [
= 1] estimated through the path regression—see footnote 1) and the latent mean
(i.e., o = 0) of the latent constructs. An indirect way is to fix the pattern loading
(i.e., Ay=1) and the intercept (i.e., Ty= 0) of one selected item. However, when esti-
mating a multisample CFA model, problems may arise when the entity (especially
N and A,,) used for standardization (i.e., fixed to unity across samples) is not actu-
ally invariant across samples (see e.g., Cheung & Rensvold, 1999; Reise,
Widaman, & Pugh, 1993). Therefore, various authors have proposed various stan-
dardization procedures, which are more or less equivalent for a “global test” (i.e.,
full invariance test) but may be inadequate for a partial invariance test (see e.g.,
Cheung & Rensvold, 1999; Reise et al., 1993).

In this study, a method of standardization adapted from Reise et al.’s (1993) rec-
ommendation (see also Cheung & Rensvold, 1999; Steenkamp & Baumgartner,
1998) was used. First, the study fixed the five latent standard deviations (i.e., path
regressions), as well as the five latent means of the five motivational constructs of a
referent “group” (i.e., girls in eighth grade: IMgw-G, IDgn-G, sim-G, EXsi-G, and
AMs.G).2 Second, the study constrained the pattern loadings (A;) and the inter-

ZMACS (and multigroup CFA) must select one sample as areferent. In this study, girls were arbitrarily
selected. In alongitudinal model, the choice of areference pointis less arbitrary and corresponds more of-
ten to the first wave (i.e., 8th grade). Therefore, the five motivational constructs associated with the
8th-grade-girl “group” were the reference points for the corresponding motivational constructs associ-
ated with the 9th-grade-girl, 10th-grade-girl, 8th-grade-boy, 9th-grade-boy, and 10th-grade-boy groups.
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cepts (T1) of the first item of each motivational construct to be equal across samples
and waves. All other measurement and latent construct parameters were freely es-
timated. This model was the basic model.

Testing invariance with nested sequences of models. The FI test was
then conducted as a nested-model comparison between the basic model and one in
which specific parameters were constrained to be equal across samples, waves, or
both. According to T.D. Little (1997), measurement and latent construct invariance
were distinguished. In general, researchers distinguish four levels of measurement
invariance (MI) corresponding to four nested models, as follows (from less to more
constrained): (a) Configural invariance (Thurstone, 1947) is tested through the ba-
sic model (or Mu,sic) that estimates measurement and latent construct parameters
without any constraints (excepted those specified previously); (b) Metric
invariance (Thurstone, 1947; Meredith’s, 1993, weak invariance) is tested through
models in which pattern factor loadings are constrained to be equal across samples
and waves—these metric models (Mpewic) are nested in the Mp,sic models; (¢) Sca-
lar invariance (i.e., Meredith’s, 1993, strong invariance) is tested through models
in which pattern factor loadings and intercepts are constrained to be equal across
samples and waves—these scalar models (Mscalar) are nested in the Mpeyic models;
(d) Uniqueness invariance (i.e., Meredith’s, 1993, strict invariance) is tested
through models where pattern factor loadings, intercepts, and items’ unique vari-
ances are constrained to be equal across samples and waves. These uniqueness
models (Muniqueness) are nested in the Micalar models.

Similarly, tests of latent construct invariance (or difference/change) also in-
volve nested models. For the three types of latent construct parameters (i.e., stan-
dard deviation, correlation, and mean) there are three corresponding models that
are nested in specific measurement models or in each other: (a) Latent standard de-
viation invariance is tested through models nested in the Myewic models, and thus
pattern factor loadings and latent standard deviations are constrained to be equal
across samples and waves; (b) Latent correlation invariance is tested through mod-
els that are nested in the Mperric models, and thus pattern factor loadings and corre-
lation are constrained to be equal across samples and waves; (c) Latent mean
invariance is tested through models nested in the Mjca1,r models, and pattern factor
loadings, intercepts, and latent mean are constrained to be equal across samples
and waves.

A 2(samples) x 3(waves) MACS design. Most of the cross-sample and
longitudinal FI hypotheses that have been tested in the literature were tested sepa-
rately. In the study, both cross-gender and longitudinal FI in one set of MACS
nested models were simultaneously tested. Testing FI through a 2 x 3 design im-
plies numerous nested model in which equality constraints are imposed on mea-
surement and latent construct parameters, across gender, across waves, or both.
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Figure 1 illustrates a 2 x 3 design for FI (see details later). The first part (Figure 1a)
represents FI pertaining covariance structure, whereas the second part (Figure 1b)
includes invariance levels pertaining mean structure.

The 2 x 3 design for Ml is illustrated in the Figure 1b. Each column (from A to
C) represents a cross-gender-invariance level, from configural to metric to scalar
invariance, and corresponds to a model in which a set of cross-gender equality con-
straints is imposed. Each row (from 1 to 3) represents a longitudinal-invariance
level, from configural to metric to scalar invariance, and corresponds to a model in
which a set of equality constraints is imposed across waves. Degree-of-freedom
differences (Adf) are shown on the arrows from one model to another nested
model, which correspond to the number of constraints imposed on the nested
model. For example, Model 2A was built to test longitudinal metric invariance and
therefore the 30 loadings (i.e., 3 items X 5 motivational constructs x 2 samples) for
the 9th-grade wave, as well as the 30 loadings in the 10th-grade wave, were con-
strained to be equal to those in the 8th-grade wave, corresponding to a gain (or dif-
ference) of 60 dfs in comparison with the baseline model (Model 1A). However,
because of the “interactional” nature of the present invariance test, there were
overlaps in constraints and degrees of freedom were therefore adjusted. For in-
stance, in Model 2B the same 60 longitudinal metric invariance constraints as men-
tioned previously were imposed in association with 45 cross-gender metric
invariance constraints (i.e., 3 items X 5 motivational constructs x 3 waves). Be-
cause there were 30 overlapped constraints, the difference or gain of degrees of
freedom (in comparison with Model 1A) was 75 rather than 60 + 45 = 105. The ad-
justment of the degrees of freedom can also be seen when one compares degree of
freedom gains from Model 1B to Model 2B (Adf = 30) and from Model 1A to
Model 2A (Adf = 60) or when one compares degree of freedom gains from Model
2A to Model 2B (Adf=15) and from Model 1A to Model 1B (Adf = 45). Finally, it
is worth noting that Adf between two nested models, which are not juxtaposed in
the figure (e.g., Model 2B and Model 3C), can be calculated by adding Adfs be-
tween intermediate nested models (e.g., 45 + 30 = 75).

This 2 x 3 design for MI is particularly useful for testing “simple effect” hy-
potheses of MI. For instance, it becomes possible to test longitudinal invariance for
girls and for boys, separately (i.e., longitudinal invariance across gender). Further-
more, this approach allows for the testing of cross-gender invariance at three peri-
ods of life (i.e., 8th, 9th, and 10th grade) separately (i.e., gender invariance across
waves). As well, with this integrated approach one can test new “interactional” hy-
potheses of MI. For instance, it becomes possible to examine the impact of
cross-gender (non-) invariance on a test of longitudinal invariance and vice versa.

The 2 x 3 designs can be extended to include latent constructs, such as standard
deviation and correlation invariance (Figure 1a; column D and E; row 4 and 5) and
mean invariance (Figure 1b; column F; row 6), respectively. Similarly, for MI, the
2 x 3 designs for latent constructs may be useful for testing specific hypotheses.
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FIGURE 1 A set of nested models for testing the longitudinal cross-gender measurement invariance of the Academic Motivation Scale, the invariance

of standard deviation and correlation among motivational constructs (1a) and invariance of the latent means (1b).
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Estimation procedure and fit indexes. Maximum likelihood estimation
procedures were used with Satorra and Bentler’s (1988, 1994) scaling corrections,
allowing for the calculation of the Satorra-Bentler (SB) scaled chi-square value
(SBy?).3 Two types of fit indexes were used: overall and comparative fit indexes
(see Bollen, 1989). The overall fit indexes used in the study were the SBy2 statistic,
the SBy2/df ratio (an acceptable cutoff value is 3.00), the robust comparative fit in-
dex (CFI; Bentler, 1990), the standardized root mean square residual (SRMR;
Bentler, 1995), and the adjusted root mean squared error of approximation
(RMSEA) for nonnormal conditions (see Nevitt & Hancock, 2000; Steiger & Lind,
1980). As recommended by Widaman and Thompson (2003), the CFI (i.e., an in-
cremental fit index) was calculated with statistics from an “acceptable” independ-
ence null model, which is nested in the Mcaiar analyses.* Values equal or superior
to .90 for the CFI are considered to indicate a good fit, superior to .95 remaining
ideal (Hu & Bentler, 1999).5 Similarly, SRMR values equal to or smaller than .08
are considered acceptable (Hu & Bentler, 1999). Finally, values for RMSEA less
than .08 are used as thresholds for not rejecting a model (Browne & Cudeck, 1992;
see also Hu & Bentler, 1999).

In addition to these overall fit indexes, two types of CFIs were also used to sta-
tistically evaluate the difference between two nested models (see Bollen, 1989).
First, the study used the scaled difference chi-square test (ASBy2; Satorra, 2000;
Satorra & Bentler, 2001). Although it is not usually reported, the ASBy%/Adf ratio
to compare model differences for comparative purposes was also used. Second, as
recommended by Cheung and Rensvold (2002), the study also examined the
changes in the CFIs (i.e., the difference in the CFIs between two nested models or
ACFIs) when invariance constraints were added. A value of ACFI smaller than or
equal to —.010 indicates that the invariance hypothesis should not be rejected. One
of the advantages of the ACFI over the ASBy2is that it is not as strongly affected by
sample size and number of constraints. Moreover, although much is known about
the efficacy of SBy2 and ASBy2, no research (to the best of our knowledge) has
evaluated such statistics for mean structures. Therefore, although the study exam-
ined scalar invariance tests, the preferred focus was on overall indexes as well as
ACFIL.

3The Satorra-Bentler rescaled estimation has been chosen because of the somewhat nonnormarlity
of the motivational variables, especially the amotivation subscale’s items. The Mardia’s coefficients
(for multivariate kurtosis) were 569.23 and 536.28 for girl and boy samples, respectively.

4More specifically, besides estimated variances and means for manifest variables (corresponding to
the traditional independence null model), in an acceptable independence null model means are con-
strained to be equal across groups and waves. Greater detail can be found in Widaman and Thompson’s
(2003) Psychological Methods article.

SDue to the complexity of the measurement model, it is not reasonable to expect a CFI to attain the
.95 cutoft traditionally sought (see Marsh, Hau, & Wen, 2004).
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RESULTS

In the following sections, the results for tests of MI are presented first, followed by
the results of invariance tests on the latent constructs (i.e., latent standard devia-
tions, correlations, and latent means). In each section, the general test for
invariance across both waves and gender (longitudinal cross-gender invariance) is
examined first and then gender and waves as sources of invariance are distin-
guished. Second, “simple invariance tests,” which are cross-gender invariance tests
for each of the three waves (i.e., 8th, 9th, and 10th grades) and longitudinal
invariance tests across gender (i.e., for boys and girls) are reported. Finally, results
from “interactional” invariance tests are examined.

Mi

Overall fit indexes indicate good configural invariance of the AMS across waves
and gender (Model 1A). Although SBy?2 was statistically significant, the other in-
dexes are satisfactory (SBy2/df = 1.33; CFI = .94; SRMR =.056; RMSEA = .023).
Table 1 presents overall and comparative fit indexes for measurement models de-
picted in Figure 1 (a and b).

A general 2 x 3 MIl.  Overall fit indexes (SBy%/df=1.34; CFI=.93; SRMR =
.059; RMSEA = .023), as well as CFIs (ASBy%/Adf = 1.78; /ACFI = —.004), pro-
vided good support for metric invariance across both waves and gender (Model
2B). Concerning scalar invariance (Model 3C), overall fit indexes were similar to
those for the baseline and the metric invariance model (SBy%/df = 1.44; CFI = .93;
SRMR = .060; RMSEA = .026) and ACFI was lower than —.01. However, ASBy2
values were particularly “large.” This is likely due to the asymptomatic nature that
makes ASBy? statistics oversensitive (see Discussion section). The Ax? statistics
were less sensitive. On the other hand, a ACFI = -.007 provides support for a satis-
factory scalar invariance.

Looking at gender and longitudinal invariance separately, results indicate that
metric invariance was stronger across gender (Model 1B) than waves (Model 2A).
Indeed, there was no significant difference in SBy? and CFIs with the addition of
invariance constraints to loadings across gender (ASBx2=61.59; p =.051; ASBy%/
Adf = 1.37; ACFI = —-.001). Concerning longitudinal invariance, although ASBy?
was significant, other fit indexes remained good (e.g., ASBy%/Adf = 1.93; ACFI =
—.004). A similar pattern was observed at the scalar level, such that comparative
statistics were better for gender (Model 1C; Ax2/Adf = 3.46; ASBy%/Adf = 11.78;
ACFI =-.005) than longitudinal (Model 3A; Ax2/Adf=5.18; ASBy2/Adf=111.09;
ACFI = -.004) invariance tests (see Table 1).



¥8

TABLE 1

Overall and Comparative Fit Indexes for the Nested Models for the Testing of Invariance Across Gender and Time

Invariance Level Overall Fit Indexes Comparative Fit Indexes®
Model
Models®  Longitudinal Gender SBX2 /df CFI SRMR RMSEA [90% CI]  Comparison ASBX2 Adf P ASBX2 /Adf  ACFI
Longitudinal cross-gender invariance
2B Metric Metric 1.34 93  .059 023 [.021,.025] 1A vs.2B 133.48 75 .000 1.78 —-.004
3C Scalar Scalar 1.44 93  .060 026 [.024,.028] 2B vs.3C 5766.91 75 .000 76.89 -.007
(365.11)  (75)  (.000) (4.87)
4D SD SD 1.39 92 .093 025 [.023,.026] 2B vs.4D 198.08 25 .000 7.92 -.009
SE Correlation ~ Correlation 1.42 92 .092 026 [.024,.027] 4D vs.5E 156.39 50 .000 3.13 —-.008
SE’ Correlation  Correlation 1.37 93  .072 024  [.022,.026] 3Cvs.5E 150.43 50 .000 3.01 -.007
6F Means Means 1.60 90  .086 031 [.029,.032] 3Cvs.6F —424.64 25 — — —-.028
(562.36) (25)  (.000) (22.49)
Gender invariance
1B Configural ~ Metric 1.33 94 057 023 [.021,.024] 1Avs. 1B 61.59 45 .051 1.37 —-.001
1C Configural  Scalar 1.37 93  .057 024 [.022,.026] 1Bvs. 1C 529.88 45 .000 11.78 —-.005
(155.49) (45)  (.000) (3.46)
1D Configural ~ SD 1.35 93  .082 023 [.022,.025] 1Bvs. 1D 91.34 15 .000 6.09 —-.004
1E Configural ~ Correlation 1.36 93 078 024 [.022,.025] 1Dvs. 1E 65.60 30 .000 2.19 -.003
1E Configural ~ Correlation 1.34 93  .064 023 [.021,.025] ICvs. IE 58.82 30 .001 1.96 -.002
IF Configural ~ Means 1.39 93  .059 025  [.023,.026] 1Cvs. IF 1156.97 15 .000 77.13 —-.005
(97.28) (15)  (.000) (6.49)
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Gender invariance in 8th grade

1B-8th
1C-8th

Configural
Configural

ID-8th  Configural
1E-8th  Configural
1E’-8th  Configural
1F-8th  Configural

Metric in 8th
Scalar in 8th

SD in 8th
Corr. in 8th
Corr. in 8th
Means in 8th

Gender invariance in 9th grade

1B-9th
1C-9th

Configural
Configural

1D-9th  Configural
1E-9th  Configural
1E’-9th  Configural
1F-9th  Configural

Metric in 9th
Scalar in 9th

SD in 9th
Corr. in 9th
Corr. in 9th
Means in 9th

Gender invariance in 10th grade

1B-10th Configural
1C-10th Configural

1D-10th Configural
1E-10th Configural
1E’~10th Configural
1F-10th  Configural

Metric in
10th

Scalar in
10th

SD in 10th

Corr. in 10th

Corr. in 10th

Means in
10th

1.33
1.33

1.34
1.34
1.33
1.35

1.33
1.34

1.33
1.33
1.33
1.35

1.33

1.35

1.35

1.35

1.34
1.37

.94
94

.94
93
94
.94

.94
93

.94
94
94
.94

.94

93

93

93

.94
93

.056
.056

.062
.062
.060
.057

.056
.056

.061
.061
.058
.056

.057

.057

.073

.070

.059
.058

.023
.023

.023
.023
.023
.023

.023
.023

.023
.023
.023
.023

.023

.023

.023

.023

.023
.024

[.021,
[.021,

[.021,
[.021,
[.021,

[.021, .

[.021,
[.021,

[.021,
[.021,

[.021, .
[.021, .

[.021,
[.022,

[.021,
[.021,

[.021, .
[.022, .

.024]
.024]

.025]
.025]
.025]

025]

.024]
.025]

.025]
.025]

024]
025]

.025]
.025]

.025]
.025]

025]
026]

1A vs.
1B vs.

1B vs.
1D vs.
1C vs.
1C vs.

1A vs.
1B vs.

1B vs.
1D vs.
1C vs.
1C vs.

1A vs.

1B vs.

1B vs.

1D vs.

1C vs.
1C vs.

12.12
36.72
(25.45)
38.96
32.90
26.33

-87.11
(58.53)

14.76
2497.13
(64.92)
13.94
19.46
19.70
44.19
(19.40)

31.58

488.30
(65.58)
89.58
24.53
2271

~74.84
(64.97)

15
15
15)

5
10
10

5
(5
15
15

15)

10
10

(5
15

15
(15)

10
10

(%)

.670
.001
(.044)
.000
.000
.003

(.000)

469
.000
(.000)
.016
.035
.032
.000
(.002)

.007

.000
(.000)
.000
.006
012

(.001)

.81 .000
2.24 .000
(1.70)
7.79 -.002
3.29 —-.002
2.63 —-.001
— -.003
(11.71)
.98 .000
166.48 —-.003
(4.33)
2.79 -.001
1.95 —-.001
1.97 —-.001
8.84 -.001

(3.88)

2.11 -.001

32.55 -.002

4.37)

17.92 -.003
2.45 —-.001
2.27 -.001
— -.004

(12.99)
(continued)
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TABLE 1 (Continued)

Invariance Level Overall Fit Indexes Comparative Fit Indexes®
Model

Models*  Longitudinal Gender SB,2/df CFI SRMR RMSEA [90% CI]  Comparison  ASB,? Adf p ASB,? /Ndf  ACFI

Longitudinal invariance

2A Metric Configural 1.34 93 .059 023 [.021,.025] 1A vs.2A 115.96 60 .000 1.93 —-.004

3A Scalar Configural 1.42 93 .060 026 [.024,.027] 2Avs.3A 6665.38 60 .000 111.09 —-.006
(310.69) (60)  (.000) (5.18)

4A SD Configural 1.37 93  .075 024 [.022,.026] 2Avs.4A 134.91 20 .000 6.75 —-.006

S5A Correlation ~ Configural 1.39 92 .079 025 [.023,.026] 4Avs.5A 108.84 40 .000 2.72 —-.005

5A’ Correlation  Configural 1.36 93 .067 024 [.022,.026] 3Avs.5A7 113.98 40 .000 2.85 —-.005

6A Means Configural 1.58 90  .079 030 [.028,.032] 3Avs.6A  -305.01 20 — — —-.027

(526.46)  (20)  (.000) (26.32)
Longitudinal invariance for girls (G)

2A-G Metric for ~ Configural 1.34 93  .058 023 [.021,.025] 1A vs.2A 68.82 30 .000 2.29 -.003
girls

3A-G Scalar for Configural 1.39 93  .059 025 [.023,.026] 2Avs.3A 24185.03 30 .000 806.17 -.005
girls (167.61)  (30)  (.000) (5.59)

4A-G SD for girls  Configural 1.36 93  .067 024  [.022,.025] 2Avs.4A 62.71 10 .000 6.27 —-.004

5A-G Corr. for Configural 1.37 93  .067 024 [.022,.026] 4A vs.5A 47.93 20 .000 2.40 -.002
girls

5A’-G Corr. for Configural 1.35 93  .060 023 [.022,.025] 3A vs.5A’ 52.38 20 .000 2.62 -.002
girls

6A-G Means for Configural 1.47 92 067 .027  [.025,.029] 3A vs. 6A -150.33 10 — — -

girls (270.80)  (10)  (.000)  (27.08)  0.14
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Longitudinal invariance for boys (B)

2A-B Metric for Configural 1.33 94 .057 023 [.021,.024] 1A vs.2A 41.28 30
boys

3A-B Scalar for Configural 1.37 93  .057 024 [.022,.026] 2Avs.3A 1624.22 30
boys (143.06)  (30)

4A-B SD for boys Configural 1.34 93  .065 023 [.028,.032] 2Avs.4A 76.07 10

5A-B Corr. for Configural 1.36 93  .070 024 [.022,.028] 4Avs.5A 61.23 20
boys

5A’-B Corr. for Configural 1.34 .93 .063 023  [.021,.025] 3Avs.5A’ 62.35 20
boys

6A-B Means for Configural 1.44 92 .070 026 [.025,.028] 3A vs.6A -152.52 10
boys (257.30)  (10)

.082

.000
(.000)
.000
.000

.000

(.001)

1.38 —-.001
54.14 —-.003
(4.77)

7.61 -.003

3.06 —-.003

3.12 -.003

— -.014

(25.73)

Note. Model 1A, Xz =4843.49, Ssz =4106.73, df = 3090, CFI = .94. A = adifference between the comparison model and the tested model; SB)(2 =the
Satorra-Bentler maximum likelihood chi-square statistic; df= degrees of freedom; p = the probability level; CFI =robust confirmatory fit index; SRMR = stan-

dardized root mean square residual; RMSEA = root mean squared error of approximation; SD = Standard Deviation.
2 Nested models were described in Figure 1.

b Comparison were made with baseline model and then with precedent (nested) models. For the comparisons based on the means structure the Ay?2 values are

in parenthesis.
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Cross-gender Ml across waves. Although previous results clearly indi-
cated a good level of metric and scalar invariance across gender, it could be inter-
esting to examine whether such invariance was constant across grade levels. First,
concerning metric invariance, the difference in SBy2 was smaller (indicating a
higher degree of invariance) in 8th grade (ASBy2 = 12.12, p = .670), than in 9th
grade (ASBy2=14.76, p = .467), and than in 10th grade (ASBy2=31.58, p =.007).
As students aged, more subtle “variances” appeared between boys and girls. Sec-
ond, concerning scalar invariance, the examination of chi-square differences
(rather than SBy2 differences) indicated a somewhat similar pattern in which more
subtle variance appeared in 9th grade (Ax2=64.92, p <.001; ASBx2=2497.13,p<
.001) and 10th grade (A2 = 65.58, p <.001; ASBy2=488.30, p <.001) than in 8th
grade (Ay2=125.45, p < .044; ASBy2=36.72, p < .001). These variations across
waves can also be observed in ACFIs.0

Longitudinal Ml across gender. Because longitudinal invariance was less
strongly reached, it is particularly interesting to examine whether gender could
moderate this result. Results in Table 1 clearly indicate that metric invariance hy-
pothesis was more supported in the boy sample (ASBy2=41.28; p =.08; ACFI =
—.001) than in the girl sample (ASBy2=68.82, p <.001; ACFI=-.003). This differ-
ence between boys and girls was also obtained in scalar invariance tests (A2 =
167.60 vs. 143.06, ps < .001; ASBy2 = 1624.22 vs. 24185.03, ps < .001; ACFI =
—.003 vs. —.005).

Interactional MI. We examined the impact of invariance constraints across
gender on longitudinal invariance tests, and vice versa. For instance, the probabil-
ity of rejecting cross-gender metric invariance was lower when constraints for lon-
gitudinal metric invariance were previously added (Model 2A vs. Model 2B;
ASBy2=17.75; p = .276; ASBy2/Adf = 1.18) than when they were not (Model 1A
vs. Model 1B; ASBy2 = 61.59; p = .051; ASBy2/Adf = 1.78). Similarly, when ex-
amining cross-gender scalar invariance, ACFI was lower when constraints related
to longitudinal scalar invariance were previously added (Model 3B vs. Model 3C;
ACFI = .000) than when they were not (Model 1B vs. Model 1C; ACFI = -.005).
The inverse pattern seemed to appear for longitudinal invariance when
cross-gender invariance constraints were added. For instance, when examining
metric invariance, ASBY2/Adf ratio was higher when constraints related to
cross-gender metric invariance were previously added (Model 1B vs. Model 2B;
ASBy2/Adf =2.53) than when they were not (Model 1A vs. Model 2A; ASBy2/Adf
=1.93).

61t should be noted that these comparisons of the fit differences (as well as the next ones) are not sta-
tistical and, thus, somewhat arbitrated (see Discussion section).
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This last result can be explained by the stronger metric invariance across gender
than waves. Indeed, because the tests for cross-gender and longitudinal invariance
shared common constraints (30 exactly; see Method section), CFIs can be different
depending on which model they are based, than on models that do not account for
these confounding constraints or on models in which these common constraints
were previously added. Therefore, researchers need to pay attention to which
nested models they used to test FI. The presence of shared common parameters
could influence the meaning of the FI tests.

Latent Standard Deviation Invariance (LSDI)

A general 2 x 3 LSDI.  Overall and comparative fit indexes indicate the ex-
istence of a few degrees of variance in latent motivational factors’ standard devia-
tions (Model 4D). Indeed, although RMSEAs were below cutoff criteria, SRMR
was higher than .09 and ACFI was very close to —.01 cutoff criteria. When distin-
guishing longitudinal and cross-gender invariance, fit indexes were more satisfac-
tory but still revealed some variance. For instance, ASBy2/Adf ratios were higher
than 6.00 (Models 1D and 4A).

Cross-gender LSDI across waves. As observed with scalar invariance, it
seemed that cross-gender invariance was stronger in 9th grade than in 8th and 10th
grade, ASBy2/Adf ratio in 10th grade being particularly high (i.e., 17.92). The ex-
amination of standard deviation parameters for each motivational construct (Table
2) revealed that the lower degree of invariance in 8th grade was due to a lower stan-
dard deviation for external regulation for boys than girls (Ac =—-.27), and a higher
amotivation’s standard deviation for boys than girls (Ac = +.35). In 10th grade, dif-
ferences were mainly found for the amotivation’s standard deviation, which was
significantly lower for girls (i.e., 6 =.76) than boys (i.e., 6 = 1.24), Ay2=20.04, p
< .001. Although this stronger homogeneity in girls’ reported amotivation than
boys’ was also observed in 8th and 9th grade, differences between standard devia-
tions were less important (in 8th grade Ac = 1.35-1.00 = .35; in 9th grade Ac =
1.49-1.20 = .29; in 10th grade Ac = 1.24-0.76 = .48).

Longitudinal LSDI across gender. Longitudinal invariance of standard de-
viation was somewhat stronger for girls than boys (e.g., ASBy2/Adf = 6.27 vs.
7.61), but this difference did not appear in ACFI. Examining relative standard devi-
ations (Table 2) revealed that the longitudinal variations were present mainly in
identified regulation and amotivation. For instance, among girls, standard devia-
tions for identified regulation and amotivation seemed to increase from 8th to 9th
grade and then decrease from 9th to 10th grade. A similar pattern can be observed
for boys” amotivation, but boys remained heterogeneous in their identified regula-
tion.
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TABLE 2
Latent Standard Deviation for Each Motivational Construct

Latent Standard Deviation

8th Grade 9th Grade 10th Grade

Intrinsic motivation

Girls 1.002 1.09 1.05

Boys 1.00 1.07 1.03
Identified regulation

Girls 1.002 1.30 1.14

Boys 0.98 1.44 1.38
Introjected regulation

Girls 1.002 1.15 1.08

Boys 1.15 1.15 1.16
External regulation

Girls 1.002 0.91 0.97

Boys 0.73 1.01 0.94
Amotivation

Girls 1.002 1.20 0.76

Boys 1.35 1.49 1.24

Note. Loadings are constrained to be equal across gender and waves.
2 Fixed parameters.

Latent Correlation Invariance (LCI)

Because of the existence of a slightly variation at the standard deviation level, it
could be preferable to examine LCI when latent standard deviation parameters
were not constrained across gender and time (Model 5E’). Therefore, the fit in-
dexes for models with and without standard deviation constraints (i.e., Model SE
and Model 5E’, respectively) are reported in Table 1.

A general 2 x 3 LCIl. Overall fit indexes were satisfactory (Model 5E”: CFI
=.93; RMSEA = .024; SRMR = .072). On the other hand, CFlIs indicate the exis-
tence of a few degrees of variance in intercorrelations. Although ACFI was —.008
(i.e., below the —.01 cutoff but higher than the other ACFIs), ASBy2/Adf ratio was
higher than 3.00. However, when distinguishing longitudinal and cross-gender
invariance, fit indexes were more satisfactory, ASBy2/Adf ratios being lower than
3.00.

Cross-gender LCI across waves. The examination of cross-gender invari-
ance in correlations revealed gender differences in correlations among motiva-
tional constructs mainly in 8th grade (ASBy2/Adf = 2.63). For instance, correla-
tions between amotivation and the other constructs were higher for girls (from —.06
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to —.54) than for boys (from .00 to —.24) (see Table 3). When correlation invariance
was tested in 8th grade including constraints on correlations other than those in-
volving amotivation, ASBy2 was not statistically significant, ASBy2(Adf = 6) =
16.37, p=.012. These differences were also present in 9th and 10th grade but were
not as large.

Longitudinal LCI across gender. As observed for standard deviations,
girls’ correlations were more longitudinally invariant than boys’ (ASBy/Adf =
2.62 vs. 3.12). Examining correlation patterns (Table 3), it was observed that the
larger differences in the boy sample were due to correlations between amotivation
and the other constructs, especially between 9th and 10th grade. When
“Oth-to-10th-grade” constraints on correlations between amotivation and the other
constructs were relaxed, ASBy2 was statistically nonsignificant, ASBy2(Adf = 16)
=38.20, p =.001.

Latent Mean Invariance

In this section, the results from latent mean invariance tests (Table 1) are described
first. Due to noninterpretable ASBy2 statistics (see Discussion section), overall fit
indexes as well as ACFIs and Ay? statistics are focused on. Although it was not the
purpose of this article, interpreted observed differences are then interpreted. Table
4 reports latent correlations when loadings and intercepts were constrained to be
equal across gender and waves.

Invariance tests. Results from longitudinal cross-gender invariance tests in-
dicated differences in latent means (ACFI = —.028; ASBy2(Adf=25) =562.36, p <
.001). Distinguishing longitudinal and gender effects, it was observed that latent
mean differences were particularly significant across waves (ACFI = —.027;
ASBY2(Adf = 20) = 526.46, p < .001) and less significant across gender (ACFI =
—-.005; ASBy2(Adf=15)=97.28, p < .001). More specific invariance tests revealed
that latent mean differences between girls and boys were higher in 8th and 10th
grades (ACFIs = —.003 and —.004; ASBy2(Adf = 5) = 58.53 and 64.97, ps < .001)
than in 9th grade (ACFI = —.001; ASBy2(Adf =5) = 19.40, p = .002). However, it
should be noted that although intercept invariance was less evident in 9th grade
than in others waves (see previous), intercepts were constrained to be equal across
samples. Therefore, any gender differences in raw scores that could be observed in
9th grade should be therefore mainly interpreted in terms of an intercept difference
rather than a construct difference. This was less true in 8th and 10th grade. Longi-
tudinal invariance was equivalent in both girl and boy samples (ACFIs = —-.014).

Latent means interpretation. Table 4 revealed the existence of various 2 x
3 latent mean patterns depending on the motivational constructs. For instance,
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TABLE 3
Latent Correlations Among Motivational Constructs for Girls (Upper Diagonal) and for Boys (Lower Diagonal)
8th Grade 9th Grade 10th Grade
m @ B @ e M@ 3 @ D2 B 5)
Intrinsic motivation (1) — .80 .63 .30 -.59 — 72 72 46 —47 — 81 .65 17 -.67
(78)  (.56) (200 (=54) (73)  (72)  (49) (-47) ((78)  (64)  (.16)  (.64)
Identified regulation (2) .70 — .68 73 =55 71 — .59 90  -45 71 — .65 57 -67
(.70) 64  (72) (-49) (74) (.60)  (.92) (-45 (73) (.65)  (.60) (-.61)
Introjected regulation (3) 78 .59 — 57 -.38 78 57 — 54 =35 .62 Sl — 49 =35
(77 (.58) (54) (=27) (78)  (.58) (.60) (=34) (61) (50) (49)  (33)
External regulation (4) .39 .83 42 — -15 47 .89 45 — -.18 23 1 .29 — -.03
31 (79  (.36) (=06) (53) (.89 (49) (=21) (29 (73) (.33 (-.04)
Amotivation (5) =21 -20 -09 -.01I — -26 47 -07 =26 — -47 -69 -23 -25 —
(=24) (=.26) (-.10) (.00) (-32) (=53) (-10) (=31 (=51) (=72) (=22) (=.30)

Note. Loadings and latent standard deviations are constrained to be equal across gender and waves. In parenthesis only loadings are constrained to be equal

across gender and waves.



LONGITUDINAL CROSS-GENDER INVARIANCE 93

TABLE 4
Latent Means For Each Motivational Construct

Latent Means

8th Grade 9th Grade 10th Grade

Intrinsic motivation

Girls .002 -52 —-.88

Boys -.24 —-.63 -1.10
Identified regulation

Girls .002 -39 —.66

Boys .04 —.69 -1.09
Introjected regulation

Girls .002 -33 -78

Boys -.28 -.53 -1.17
External regulation

Girls .002 17 -23

Boys 44 15 -.01
Amotivation

Girls .002 45 .02

Boys 29 81 49

Note. Loadings and intercepts are constrained to be equal across gender and waves.
4Fixed parameters.

latent means for intrinsic motivation, identified regulation, and introjected regula-
tion decreased from 8th to 10th grade and were higher for girls than boys. How-
ever, interactions can be observed only in ID latent means where gender differ-
ences were absent in 8th grade but significant in 9th grade and largest in 10th
grade. Concerning external regulation, boys’ latent means consistently decreased
from 8th to 10th grade, whereas girls’ external regulation increased from 8th to 9th
grade and then decreased from 9th to 10th grade. The combination of these two
patterns resulted in gender differences (boys’ being higher than girls’) only in 8th
and 10th grade. Finally, both girls’ and boys’ amotivation latent means increased
during the first period (8th to 9th grade) and then decreased in the second period
(9th to 10th grade).

DISCUSSION AND CONCLUSION

The purpose of this study was to evaluate the longitudinal cross-gender FI of the
AMS (Vallerand et al., 1989, 1992, 1993). A second related purpose was to present
an integrated analytical strategy to test both longitudinal (across 3 years) and
cross-gender FI of a multidimensional scale in one set of nested models. This 2 x 3
design allowed us to test specific hypotheses concerning cross-sample FI for each
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wave, as well as the comparison of longitudinal FI in the boy and girl samples.
These results have also implications for FI research.

Implications for AMS Validation

These results provide support for longitudinal cross-gender metric invariance, as
well as satisfactory support for scalar invariance of the AMS. Therefore, we rec-
ommend using this scale to test specific hypotheses about gender differences as
well as motivational development. More specific results revealed that cross-gender
invariance was slightly stronger than longitudinal invariance. Furthermore, subtle
cross-gender variance appeared in the measure as students became older. Because
longitudinal invariance seemed to be stronger for boys than for girls, one can con-
clude that girls subjectively redefined the motivational construct, whereas boys
seemed to be constant. We propose two types of explanations for this finding.

First, the difference found in the redefinition of motivational constructs may be
due to developmental differences between girls and boys. Indeed, the period from
8th to 10th grades coincides with early adolescence and girls usually reach puber-
tal maturity earlier than boys. Because of the complexity of the constructs, mea-
surement characteristics may change during childhood, perhaps differently for
girls and boys. An alternative explanation concerns familiarity with the motiva-
tional questionnaire. Girls might readjust their responses, whereas boys tended to
remain constant in their definition of the constructs. Fortunately, FI tests were still
satisfactory and allow further tests at the latent construct level.

Other interesting results are related to the latent constructs. For instance,
whereas girls were more heterogeneous in amotivation than boys, the reverse was
observed for external regulation. Furthermore, the 9th grade appears to be develop-
mentally significant for girls because they were more heterogeneous in identified
regulation and amotivation only during this wave compared to boys. This last find-
ing can be explained by the previous results obtained with metric invariance. Al-
though we obtained a satisfactory degree of metric invariance, the similarity in pat-
tern that we observed in metric and standard deviations invariance tests could
reveal the influence of the former on the later. However, once again an alternative
explanation concerns maturity. Perhaps girls developed a relatively higher degree
of maturity in 9th grade than boys. Further examination of data in 11th and 12th
grade will be needed to test this hypothesis and to verify if a higher degree in boys’
standard deviation will be observed later than girls.

Implications for Testing FI Within Structural Equation
Modeling Framework

The second purpose of this study was to demonstrate how to test both longitudinal
and cross-gender factorial invariance of a multidimensional scale in one set of
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nested models. Notably, five points should be emphasized. First, this analytical
strategy distinguished measurement and latent construct components of the facto-
rial model (see e.g., T.D. Little, 1997).

Second, a specific approach to solve identification problems in covariance and
mean structures was used. Specifically, this study proposed, first, to fix factor vari-
ance and means in one referent group, and then, to constrain the loading and inter-
cept of one item to be equal across samples and waves. In addition to the fact that
this approach could be equivalent to others in testing global (rather than partial)
MI, the proposed approach is particularly pertinent for testing latent construct
invariance in a 2 x 3 design.

Third, this study also represented an opportunity to examine the efficacy of var-
ious comparative indexes for comparing two nested models. Concerning the differ-
ence between two SBy?2 statistics, although the test seemed appropriate for testing
restrictions in covariance structure, ASBy2 values were noninterpretable when re-
strictions were on mean structure (i.e., intercepts and latent means). Satorra and
Bentler (2001) suggested that ASBy2 values (especially difference in scaling cor-
rections) may turn out to be large or negative in particularly extreme cases, such as
when sample size is small or when a less restricted model is “too deviant from the
true model” (p. 511). Although these two extreme cases could pertain to this study,
results clearly indicated that the analysis of a mean structure (in addition to a
covariance structure) could also provide a source of explanation. Further research
is needed to examine the behavior of ASBy2 and the conditions when it can be ap-
plied to test invariance in a mean structure.

Fourth, this study also used the ASBy2/Adf ratio as a CFI. Like the well-known
X2/df ratio, the ratio between the chi-square difference and the difference of de-
grees of freedom is particularly useful to examine how two nested models differ.
Moreover, the ratio allowed for a comparison among invariance tests, especially
when Adfs varied. Because the ASBy%/Adfratio is relatively new in invariance test-
ing, further examination in simulation studies is needed. Concerning the ACFIs, al-
though only Cheung and Rensvold (1999) have appropriately studied the change in
CFI as an indicator of (in)variance and further studies are needed, this test discrim-
inated well among the various degrees of variance that were found in the study. In
particular, the ACFI was more appropriate for invariance testing in mean structure
than the SBy2 statistics. Finally, it is important to stress the importance of the use
of various overall and comparative fit indexes to deduce the invariance of any pa-
rameters across samples, waves, or both.

Finally, in examining cross-gender invariance across waves and longitudinal
invariance across gender, the relative fit loss (i.e., ASBy2, ASBx2/Adf ratio, and
ACFI) was compared. For example, the study showed that the gender difference in
SBy2 (for cross-gender metric invariance) was smaller in 8th grade than in 9th
grade and than in 10th grade (see section Cross-Gender MI across waves). How-
ever, it is important to note that these comparisons are not statistical comparisons
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and, thus, are somewhat arbitrated. Further research is needed to find a statistical
method for comparing two invariance tests (e.g., two Ay2) and to determine what
constitutes a significant difference.

To conclude, we believe that this article and its associated results provide strong
support for the use of the AMS to compare the motivation of girls and boys, as well
as to compare across grade levels. Finally, we hope that the reader will be con-
vinced of the usefulness of the integrated analytical strategy that we propose.
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