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A latent growth curve modeling approach using an accelerated longitudinal
design: the ontogeny of boys’ and girls’ talent perceptions and intrinsic values
through adolescence

Helen M.G. Watt*

Faculty of Education, Monash University, Melbourne, Victoria, Australia

This article presents latent growth modeling, a particular application of multilevel
modeling, to examine the development of adolescents’ math- and English-related talent
perceptions and intrinsic values which are emphasized by Expectancy-Value theory as
important precursors to a range of achievement-related outcomes. The longitudinal
cohort-sequential study included participants in 3 overlapping cohorts, together
spanning Grades 7 to 11 (N = 1,323). In this paper, I focus on the application of
latent growth curve modeling to the accelerated longitudinal design and the
interpretation of the growth parameters and their correlates in evaluating students’
developmental trajectories across 2 key academic domains. Talent perceptions and
intrinsic values were found to decline through adolescence in both math and English,
and gender differences favored boys for math and girls for English consistent with
gender stereotypes.

Keywords: latent growth curves; accelerated longitudinal design; academic motivations;
gender differences; adolescent development; secondary school mathematics; secondary
school English

Introduction

Long-term longitudinal studies are invaluable to address developmental research
questions, and certain kinds of questions can only be answered using longitudinal data.
Such questions could relate to the developmental trajectories for certain phenomena over a
specified time period, the strength of reciprocal effects between two related phenomena
over time, or the causal sequencing among a group of factors. Longitudinal studies
provide a real opportunity to explore and test out how processes unfold over time to
produce certain outcomes. Longitudinal designs can be difficult to successfully implement
for a number of reasons. Not least is the problem of expense and logistic challenges.
Another common difficulty relates to sample attrition, which may be due to any number of
reasons including relocation, illness, or boredom. Yet another problem is the sheer amount
of time the researcher must take in order to collect data. Depending on the developmental
period that is of interest, this can take many years.
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Such difficulties pose not only practical and logistic challenges but can further
present problems regarding the validity of the findings. Systematic sample attrition will
yield biased results and erroneous conclusions unless the researcher is able to identify
and correct for patterns of missingness. For example, in a long-term study of student
motivation through school years, the less motivated students may conceivably opt out
of the study over time, leading to upwardly biased estimates of student motivation by
senior high school and invalid conclusions that student motivation is uniformly high by
the end of secondary schooling. Long-term study of a single cohort also runs the risk
that the group studied may be characterized by special features making it atypical of
the target population to which the researcher seeks to generalize. In this case, although
internal validity may be high, the external validity of the findings will be poor. Still
another problem encountered in long-term longitudinal programs of research is that by
the time data collection is complete, the results analyzed, and conclusions published,
the findings may no longer be timely and the researcher may have missed any
opportunity to inform policy development or practical concerns. The developmental
researcher faces a dilemma. Longitudinal data spanning a long time period may be
necessary to address her/his research questions, but even supposing s/he obtains the
resources needed to track participants over the required period of time, sample attrition
may produce invalid findings, the cohort may be idiosyncratic in some way which
limits the generality and usefulness of the findings, or the ““use by” date of the data
may have passed.

Accelerated longitudinal designs

More than 50 years ago, Bell (1953, 1954) proposed the use of “‘convergence’ as “‘a means
of actually linking up individuals or sub-groups between adjacent segments of a
developmental curve, each segment consisting of a limited longitudinal study on a
different age group.” (Bell, 1954, p. 281). This approach is popularly referred to as the
cohort-sequential design (Nesselroade & Baltes, 1979) or the accelerated longitudinal design
(Tonry, Ohlin, & Farrington, 1991). Its clear advantage is that data spanning an extended
developmental period can be collected within a shorter period of time, with smaller
longitudinal timeframes within each sequential cohort together providing data to cover the
full range for the developmental period which is of interest. Although the issues pertaining
to longitudinal research will still apply within each cohort, the reduced timeframe for data
collection will ameliorate the extent to which these may be problematic. A further
advantage is the potential for between-cohort comparisons, which, if similar, can
strengthen the researcher’s confidence in external validity.

The obvious potential drawback relates to the danger of making erroncous
developmental inferences from between-cohort differences, in cases where time X cohort
effects exist (Raudenbush & Chan, 1993). The schematic presented in Figure 1 illustrates
this quite clearly: Here, Cohort 1 sampled at Time points 1 and 2 exhibits a steep decline
on some hypothetical variable, Cohort 2 sampled at Time points 2 and 3 remains stable
and low, while Cohort 3 sampled at Time points 3 and 4 shows a steady increase.
The question is: Are we justified in “joining up” the three segments to represent the
developmental trajectory from Time 1 through to Time 4? If we had sampled all three
cohorts across all four time points, is this the trajectory we would have observed? Clearly
we cannot answer this question in the depicted hypothetical scenario, because we simply
do not have enough information to compare cohorts. To compare the slopes for adjacent
cohorts, we would need ideally three (to avoid over-fitting) or at minimum two
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Figure 1. Schematic to illustrate potential time X cohort effects.

overlapping time points. For more complex developmental trajectories, the number of
overlaps between cohorts will necessarily increase.'

The latent growth curve modeling (LGCM) approach

Latent growth curve modeling (LGCM) has been developed by Raudenbush and his
colleagues in the USA (e.g., Raudenbush, 1988) and Goldstein and his colleagues in the
UK (e.g., Goldstein, 1989) as a flexible framework for tracing nonlinear developmental
trajectories and assessing the existence and pathways of separate trajectories for subgroups
of interest. Within the hierarchical linear modeling (HLM) or multilevel modeling
framework for LGCM, another advantage for developmental researchers is that missing
data can easily be accommodated, as can unequal measurement occasions (unlike LGCM
within the structural equation modelling approach, see Byrne, 2008). Techniques such as
MANOVA which are frequently implemented in short-term longitudinal studies have
mostly been limited to measuring linear change and are less elegant, flexible, and
parsimonious to apply to multiple waves of data.

The implementation of accelerated longitudinal designs within the LGCM approach
has been clearly explicated by Raudenbush and Chan (1993). The approach has recently
been adopted by motivation researchers interested in the developmental trajectories of
students’ ability-related beliefs and task values (see Fredricks & Eccles, 2002; Jacobs,
Lanza, Osgood, Eccles, & Wigfield, 2002; Watt, 2004). The contribution of the present
study is to set out the steps in this process and highlight the interpretation of the relevant
parameters. The focus is about the process rather than the substantive questions which
drove the investigation. Some of the developmental trajectories presented in this paper
have been published previously (the four “‘common” growth models, Watt, 2004), although
that article focused on the substantive questions regarding gendered developmental
trajectories, included a broader set of motivation factors, and did not describe the analyses
in detail, nor issues pertaining to accelerated longitudinal designs including approaches to
testing for time X cohort effects. I begin by contextualizing the analyses in relation to the
substantive questions, describing the dataset, and then move to the application and
interpretation of the LGCM approach to the accelerated longitudinal design.

Motivational trajectories through adolescence

Recently, there has been considerable attention to charting the development of ability-
related beliefs and values through adolescence. This interest has been prompted by
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findings that these factors predict a range of student achievement-related behaviors and
choices. Much of this evidence has come from research within the Expectancy-Value
framework of Eccles and colleagues (see Eccles, 2005; Eccles (Parsons) et al., 1983;
Wigfield & Eccles, 2000) and the self-concept perspective of Marsh and colleagues (Marsh,
1986, 1989; Marsh & Hau, 2004; Marsh, Trautwein, Liidtke, Koller, & Baumert, 2005;
Marsh & Yeung, 1997). Eccles and her colleagues have demonstrated the impact of
individuals’ ability-related beliefs and their values on both their subsequent achievement
and their achievement-related choices operationalized as course enrollments (e.g., Eccles
(Parsons), 1984; Eccles, 1985; Eccles, Adler, & Meece, 1984; Eccles (Parsons) et al., 1983;
Meece, Eccles (Parsons), Kaczala, Goff, & Futterman, 1982; Meece, Wigfield, & Eccles,
1990; Wigfield, 1994; Wigfield & Eccles, 1992). In the Australian context, individuals’
talent perceptions (related to but distinct from ability beliefs as measured in the
Expectancy-Value framework, see Watt 2002, 2004, for discussion) and intrinsic values
have been found to exert the strongest influences on senior high course enrollments and
vocational aspirations (e.g., Watt, 2005, 2006, 2008). These factors are consequently those
which are the focus in the present study.

The two long-term longitudinal studies in the USA (Fredricks & Eccles, 2002; Jacobs
et al., 2002) were both based on the “Childhood and Beyond” (CAB) program of research
(Eccles, Wigfield, Harold, & Blumenfeld, 1993). Both of these studies modeled the
development of ability-related beliefs and composite “values” perceptions from Grades 1
to 12. The present study extends on that work by utilizing a new talent perception
measure, and the disaggregated intrinsic value ‘“‘values” component, given evidence of
factorial separability (e.g., Eccles & Wigfield, 1995; Watt, 2002), distinct pathways of
development (Watt, 2004), and different patterns of gender influence (Fredricks & Eccles,
2002). The need to document trends for ability-related beliefs and values in samples from
other contexts has been emphasized (Jacobs et al., 2002; Volet, 1999), and the present
study is based on a dataset from a different country and school system but collected close
to the same time as the CAB dataset on which the two earlier studies were founded.

Other relevant studies during the 1980s and 1990s were cross-sectional, or
encompassed a short time-frame, and did not implement the LGCM approach. While
those studies are highly important to the substantive question regarding how different
kinds of motivations develop through adolescence, they have been reviewed elsewhere
(Jacobs et al., 2002; Watt, 2004) and are not further discussed in this paper, which aims to
illustrate the application of the LGCM approach within the accelerated longitudinal
design. Collectively, the main findings have been that motivations decline through
adolescence, with gender differences favoring boys in math and girls in English, where
gender differences occur.

The illustrative data
Setting

The study was located in the State of New South Wales (NSW) in Australia, where
students attend secondary school Grades 7 through 12. Two academic domains were
included to explore the extent to which developmental patterns were domain specific.
Math and English are compulsory school subjects during Grades 7 to 10. Senior Grades 11
and 12 lead up to a major external examination supplemented by within-school assessment
results called the Higher School Certificate (HSC). For these final 2 years of secondary
school, students elect which subjects they wish to study. Further, they select the difficulty
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level they wish to undertake within each. English is compulsory and math is not, although
most students choose to undertake it still. There are five math courses (‘““Maths in
Practice” [MIP], “Maths in Society’” [MIS], 2-unit, 3-unit, and 4-unit maths), which range
from the least difficult (MIP) to the hardest (4-unit); similarly, there are four difficulty
levels of English (see MacCann, 1995).

Sample

Participants spanned Grades 7 to 11 in a longitudinal overlapping cohort-sequential
design containing 1,323 students in three cohorts. This developmental span encompasses
the NSW Australian secondary school period with the exception of the final year.
Occasion 1 mean ages were 13.19, 12.36, and 14.41 years, when participants were at the
end of Grade 7, early Grade 7, and early Grade 9, respectively, for Cohorts 1 through 3.
Table 1 depicts the sample size for each cohort, the grade of participants at each year of
data collection, gender, and whether or not English was their home language. Participants
were from three upper-middle class coeducational secondary schools in northern
metropolitan Sydney, matched for socioeconomic status according to the Index of
Education and Occupation (Australian Bureau of Statistics, 1991). All three cohorts were
assessed at Grade 9, Cohorts 1 and 2 overlapped for three measurement occasions, and
Cohorts 1 and 3 overlapped for two occasions. As a consequence of the relatively small
number of overlapping time points between adjacent cohorts, detection of cohort effects
on the growth parameters may not be optimally reliable.! Approximately half the
participants in each cohort were present for all administrations, and approximately one
quarter missed only one. Because LGCM utilizes all of the available information for each
respondent, under the missing at random (MAR) assumption, participants were not
excluded on the basis of missing administrations.

Measures

Questionnaires assessed students’ talent perceptions and intrinsic values in relation to
math and English. Items for values were based on those used by Eccles and colleagues (see
Wigfield & Eccles, 2000; three items: e.g., How much do you like maths/English, compared
with your other subjects at school?); and talent perceptions were assessed instead of their
perceptions of ability factor (seven items: e.g., Compared with other students in your class,
how talented do you consider yourself to be at maths/English?; for discussion regarding
the talent construct, see Watt, 2002, 2004). All items were answered on 7-point Likert-type
scales ranging from (1) not at all to (7) very. Subscale scores have been demonstrated to
have good reliability and construct validity (Watt, 2004), with moderate correlations
between factors (r = .49 for math, .55 for English). Measures were sufficiently reliable,
with alpha coefficients from .72 to .94.

Table 1.  Cohort sample size, grade, gender, and home language spoken.

1995 grade 1996 grade 1997 grade 1998 grade  %girls  %ESB*®

Cohort 1 (n = 428) 7 (Dec) 8 (June) 9 (Feb) 10 (Feb) 44.9 78.6
Cohort 2 (n = 436) N/A 7(Feb,Dec) 8 (June) 9 (Feb) 43.6 82.4
Cohort 3 (n = 459) N/A 9 (Feb) 10 (Feb) 11 (Feb) 42.9 73.1

“Note: “ESB” refers to students who nominated English as their home language.
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Applying the LGCM approach

In applying LGCM to longitudinal data, one conceives of repeated occasions as nested
within individuals, such that change is decomposed into within- and between-individual
change. Within-individual change characterizes the shape of the growth trajectory (e.g.,
linear, quadratic, cubic, or any other form), while between-individual change implies
different growth trajectories for different groups of individuals (e.g., gender or cohort
differences). Between-individual differences could manifest as differently shaped trajec-
tories (e.g., increases for girls, decreases for boys) or as a “‘shifted” trajectory of the same
shape, but with a differently located intercept (e.g., increases at the same rate for girls and
boys, but girls start out and remain a certain amount higher than boys).

Separate models were estimated for each construct of interest, in this case four models,
one for each of talent perceptions and intrinsic values related to math and English.
MLwiN multilevel modeling software was used (version 1.10.0007), although other
software such as HLM or MPlus could instead have been employed. To begin, each model
was built from a baseline variance components model, fitting a constant only as an
explanatory variable, estimating both fixed and random parameters for each of occasions
and individuals. This model partitions the variance into within- and between-individual
components and consequently provides a baseline with which to compare subsequent
models. Subsequent models added explanatory variables sequentially, in order to evaluate
the associated improvement in model fit. First within-individual parameters were modeled
(the growth functions), followed by the addition of between-individual parameters (the
grouping variables).

It was possible to compare the improvement in model fit associated with the addition
of each sequential parameter, based on the fact that each model was nested within the
preceding one. Models were estimated using full maximum likelihood, so that model fits
could be compared using the likelihood ratio test: Change in the deviance statistic (i.e.,
—2*loglikelihood) is asymptotically equivalent to a chi-square distribution with degrees of
freedom equal to the number of independent constraints imposed on the model. At any
stage where the addition of a parameter did not significantly improve the model fit based
on change in the deviance statistic (p < .05), the parameter was not retained in the model.
Predictions for each time point were then made from the fixed parameters of each final
model, these predicted values were graphed against grade, and 95% confidence intervals
were appended. If the confidence intervals for a pair of estimates did not overlap, then the
point estimates were significantly different at p < .05. Overlapping confidence intervals
suggest that analyses which omit cohort and school effects could fruitfully clarify boys’
and girls” patterns of change, which were the substantive impetus for the study.

Within-individual change

Cubic patterns were hypothesized for the shape of the growth trajectories, due to the
curricular changes at the end of Grade 7 and on commencement of Grade 11 in the NSW
Australian context. I speculated that, once students select which subjects they wish to
study for the HSC and choose which difficulty levels of these subjects they will undertake,
it may be that their talent perceptions or intrinsic values increase. Alternatively, HSC
assessment pressures throughout Grades 11 and 12 may heighten negative changes. To
assess such possible patterns of change involving two turning points, I posited growth
models based on cubic patterns of change. The two previous studies (Fredricks & Eccles,
2002; Jacobs et al., 2002) relied upon the estimation of quadratic change, precluding the
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potential to identify more complex developmental patterns which may occur. Clearly, the
complexity of the growth function which can be estimated is restricted by the number of
time points which are assessed. The six time points included in the present study imply a
polynomial form of up to order five (a quintic) could be estimated. However, because of
the cohort-sequential design, no participants were assessed across all six occasions.
Estimation of a quintic polynomial would presume the absence of any cohort effects at the
outset, and was not the hypothesized form of growth in any case. There were four
measurement occasions for Cohort 1, which overlapped three time points with Cohort 2,
and two with Cohort 3, each measured across three occasions. A cubic growth function
was consequently estimated.

Specification of a cubic growth trajectory involves four fixed parameters: an intercept,
linear slope, quadratic curvature, and the cubic term. A fixed parameter indicates that
individuals follow the estimated growth trajectory at the same rate. It is possible to
additionally include a random parameter for each growth term, so as not to impose this
constraint. For the present study, both fixed and random growth parameters were
included. Any time that the addition of a more complex growth term did not significantly
improve the model fit, the simpler form was retained, except in cases where, for example,
some quadratic but not linear term was significant, in which case the linear term would
also be retained. First linear change was added (i.e., grade, using standard linear
polynomial contrasts to represent Grades 7 at the start of the year, 7 at the end of the year,
8,9, 10, and 11, respectively), next quadratic, and then cubic change. Grade was centered
about the middle Grade 9, which was also the grade at which there was most information
when all three cohorts were assessed. Consequently, intercept (denoted “Cons” for
constant) parameters refer to estimates at Grade 9, linear parameters (“‘grade”) refer to
rate of change at Grade 9, quadratic parameters (‘“‘grade _q”) refer to concavity at
Grade 9, and cubic parameters (“‘grade ¢’) refer to cubic growth at Grade 9.
Linear trajectories indicate consistent increase or decrease over time, quadratic
trajectories indicate acceleration or deceleration in the rate of change over time, and
cubic trajectories could indicate a decrease followed by a plateau and then a further
decrease, for example.

Between-individual change
Formulation of a cohort-based model

Because of the danger of interpreting cohort differences as developmental changes, it was
necessary to first test whether the addition of cohort parameters significantly improved
model fit, and if so, whether 95% confidence intervals did not overlap. This would indicate
that a model attributing differences in individual parameters to cohort membership fitted
the data better than the model assuming members of all cohorts followed a common
developmental trajectory. Because three schools were involved in the study, school effects
were examined in a similar fashion. For these “full” models including cohort and school
effects, the order and entry of between-individual parameters was gender (coded 1 for girls
and 0 for boys) and next the interaction of gender with linear, quadratic, and cubic change,
testing for improvement to model fit at each step. School was then added (effect coded —1,
0, 1 for Schools A through C) and interactions of school with linear, quadratic, and cubic
change. Finally, cohort was added, effect coded —1, 0, 1 for Cohorts 2, 1, and 3,
respectively (Cohort 2 spanned start of Grade 7 to Grade 9, Cohort 1 spanned end of
Grade 7 to Grade 10, Cohort 3 spanned Grades 9 to 11), and interactions of cohort with
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linear, quadratic, and cubic change. This general model form is presented in Equation (1)
below.

Y;; = Byjconstant + B,grade; + ,le-grade?j + ﬁ3jgrade;—

+ Bagender; + Bsgender * grade; + fggender * gradef]- + f;gender * grade?,-
+ Bgschool;; + foschool * grade; + B1oschool x gradefj + f;school * grade;}
+ Bi,cohort;; + f3cohort + grade; + f4cohort * gradeé + fscohort x grade?j + &

(1)

Formulation of a “‘common’ model

In the event that cohort and school parameters did not significantly improve model fit, or
that confidence intervals overlapped, a “‘common’ model was estimated, which estimated
a single trajectory across the six time points. A common model assumes that members of
all three cohorts follow a single underlying developmental trajectory. The only between-
individual parameters in this case were gender, and the interactions of gender with linear,
quadratic, and cubic change, again testing for improvement to model fit at each step. This
general model form is presented in Equation (2).

Y;; = Byjconstant + f§;;grade;; + ﬁzjgradefj + [33jgradeg + Bagender;;
+ Bsgender x grade; + fogender * grade?f + p,gender * grade;. + & (2)

Y ;; is the math or English talent perception or intrinsic value score for subject i at
occasionj(j=1,...,6andi=1, ..., n).

grade; represents the linear component of the growth curve, centered about Grade 9
using standard polynomial contrasts (-5, -3, -1, 1, 3, 5).

grade,-j2 is the square of grade; representing the quadratic component of the
individual growth curve.

grade[,-3 is the cube of grade; and represents the cubic component of the growth
curve.

Poj is the intercept parameter, representing the mean score for boys at Grade 9 (since
gender was coded 0 = boys 1 = girls, and growth parameters were centered about
Grade 9). The random component “j” allows for individual variation about the
mean.

B, is the expected rate of increase per year in scores for male subject 7 at Grade 9.
This corresponds to the slope of the tangent at Grade 9, which can be interpreted as
the mean velocity for each male subject i. The random component “‘j”” again allows
for individual variation about the slope.

f; is the quadratic parameter, representing the rate of acceleration per year for male
subject i. The random component *j”” allows for individual variation in rate of
acceleration.

B3 is the cubic parameter, per year for male subject i. The random component “j”
allows for individual variation about the cubic parameter.

4 1s the extent to which the intercept for girls is above that for boys at Grade 9.
fs is the extent to which the linear slope for girls is steeper than that for boys.
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e [} is the extent to which the quadratic curvature for girls is greater than that for boys
at Grade 9.

e [3; is the extent to which the cubic parameter for girls exceeds that for boys at
Grade 9.

e ¢; represents the random within-subject error of prediction for subject 7 at occasion ;.
These errors are assumed mutually independent and normally distributed with mean
of zero and variance of ¢° (i.e., &y ~ N(0,6%)).

Results
Use of the accelerated longitudinal design to estimate common developmental trajectories

The “full” LGCM models including cohort and school effects showed that linear
trajectories best described the negative changes in individuals’ talent perceptions, both in
math and English; while a quadratic growth trajectory best described intrinsic value in
math and a cubic trajectory best described intrinsic value in English. Gender effects were
evident in each case, impacting the intercept term only for math talent perceptions and
intrinsic value, the slope for English talent perceptions, and the curvature for English
intrinsic value. The inclusion of cohort parameters significantly improved model fits in
each case, and there was one effect of school membership on the intercept for math
intrinsic value. Table 2 presents all parameter estimates whose addition significantly
improved model fit. Given the evidence from Table 2 that some of the intercept and
growth parameters varied across schools and cohorts, at this point the goal of estimating a
single developmental trajectory per construct based on an accelerated longitudinal design
looked somewhat unpromising — suggesting rather that separate models might be needed
for individuals who came from different cohorts and schools.

The next step involved graphing the estimated trajectories and appending 95%
confidence intervals, to determine whether and where these might overlap. Although the
statistics reported in Table 2 tell us whether there are statistically significant group
differences for each of the growth parameters, overlapping confidence intervals for pairs of
estimates at any particular grade provide us with the additional information that a group
difference is not statistically significant at that particular time point. Figures 2A and 3A
depict cohort-specific trajectories for math talent perceptions and intrinsic values, and
Figures 4A and 5A for English talent perceptions and intrinsic values. Inspection of these
Figures shows that in all cases but one, confidence intervals overlapped for cohorts within
gender groups. In Figure 2A, it is difficult to even see the cohort-specific trajectories for
boys and girls, which appear to be two continuous lines (one for each of boys and girls)
because of the high amount of overlap between cohorts, strongly suggesting the viability of
the common trajectory model. The only instance of non-overlapping confidence intervals
was for English intrinsic value at Grade 8, here, the youngest Cohort 2 had significantly
higher predicted values than the middle Cohort 1, although these effects did not involve
the displacement of gender patterns which are the substantive focus of the study. As a
consequence, analyses were repeated omitting the cohort and school® terms to improve
clarity of interpretation.

Estimated common developmental trajectories

For parsimony and interpretability, “‘common” models were estimated which omitted
school and cohort effects. The same growth forms best described developmental
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Table 2. Full explanatory models for the development of boys’ and girls’ talent perceptions and
intrinsic values through Grades 7 to 11.

math English
Talent Intrinsic value Talent Intrinsic value
b est (se) b est (se) b est (se) b est (se)

Fixed Effects
Cons® 4.810 (.034) 3.765 (.071) 4.533 (.036) 4.083 (.073)
grade® —.012 (.008) —.052 (.013) .014 (.010) —.031 (.030)
grade_q}‘j - .010 (.012) - .030 (.017)
grade ¢ - — - —.041 (.009)
gender —.489 (.047) —.395 (.074) .066 (.049)* .597 (.064)
genderXgrade - - —.024 (.011) —.023 (.015)*
genderXgrade _q - - - .030 (.012)
genderXgrade ¢ - - - -
school - —.253 (.052) - -
schoolXgrade - - - -
schoolXgrade q - - - -
schoolXgrade ¢ - - - -
cohort —.046 (.039) 122 (.060) —.116 (.040)* —.049 (.084)
cohortXgrade —.005 (.007)* .024 (.022)* .006 (.008)* —.010 (.027)*
cohortXgrade_q —.013 (.005) —.019 (.009) —.012 (.006) —.065 (.023)
cohortXgrade_c - - —.009 (.003) —.030 (.007)
Random Effects
Between-student variance
Cons/Cons .631 (.032) 1.403 (.082) .675 (.034) .939 (.055)
Cons/grade —.015 (.004) —.019 (.010) —.009 (.005) .000 (.000)
Cons/grade_q - —.024 (.010) - —.011 (.007)
Cons/grade_c - - - .012 (.004)
grade/grade .008 (.002) .013 (.005) .007 (.002) .000 (.000)
grade/grade_q - —.001 (.001) - .000 (.000)
grade/grade _c - - - .000 (.000)
grade_q/grade_q - .002 (.002) - .005 (.002)
grade _q/grade c - - .000 (.001)
grade_c/grade_c - - .002 (.001)
Within-student variance
Cons/Cons .394 (.013) 1.069 (.038) 407 (.014) 1.006 (.042)

Notes: *Unless otherwise indicated (*), all b coefficients statistically significantly improved the model fit as
indicated by the change in deviance test.

®Random at the individual student level

“Random at both student and occasion levels

— variable did not significantly improve model fit

“_q” refers to quadratic and ““_c” to cubic terms.

trajectories in the re-estimated LGCM models with similar gender effects as previously (see
Table 3). Girls’ and boys’ developmental trajectories based on the common model
specification are presented in Figures 2B and 3B for math, and Figures 4B and 5B for
English. In general, changes were negative over time, with some indication that transitions
at Grades 7 and 11 heightened negative development. Gender differences favored boys in
math and girls in English with little evidence for gender intensification or gender
convergence, because the magnitude of gender difference was generally stable.
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Figure 2. A. Cohort-based growth models for boys’” and girls’ math talent perceptions.

B. Common growth models for boys’ and girls’ math talent perceptions.

Note: For Figures 2A through 5B (1) girls are represented by solid and boys by dashed lines and (2)
polynomial contrasts represent early Grade 7, late Grade 7, mid Grade 8, early Grades 9, 10, and 11.
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Figure 3. A. Cohort-based growth models for boys” and girls’ math intrinsic value.
B. Common growth models for boys’ and girls’ math intrinsic value.
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Figure 4. A. Cohort-based growth models for boys’ and girls’ English talent perceptions.
B. Common growth models for boys’ and girls’ English talent perceptions.

Trajectories for math

Developmental trajectories were explained by different combinations of variables for each
construct, summarized in Table 3. Math talent perceptions were characterized by gender
differences favoring boys of magnitude around 0.5 on the 7-point scales, and these
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Figure 5. A. Cohort-based growth models for boys’ and girls’ English intrinsic value.
B. Common growth models for boys’ and girls’ English intrinsic value.

exhibited a linear decline for both boys and girls (see Figure 2B). Intrinsic value for math
was characterized by a gender difference of similar magnitude favoring boys: Boys’ and
girls’” intrinsic value declined through junior secondary school and flattened out during
senior years (see Figure 3B).

Trajectories for English

English talent perceptions declined for girls and remained relatively stable for boys through
secondary school (see Figure 4B); however, overlapping confidence intervals indicated that
these estimates did not statistically significantly differ between boys and girls at any grade
point. English intrinsic values declined through Grade 7 and again between Grades 10 and
11 (see Figure 5B). Some “‘recovery’ occurred from the end of Grade 7 through to Grade 10,
although not to initial Grade 7 levels. Gender differences favored girls and were statistically
significant: Girls suffered a slightly greater decline for intrinsic value than boys on
commencement of Grade 7, while boys showed some decline between Grades 10 and 11 and
girls remained relatively stable. The magnitude of gender difference was greater for English
intrinsic value than for any other construct, reaching a maximum of approximately 1.

Between-individual variability

Because all growth parameters were estimated both as fixed and random effects, it is also
possible to interpret between-individual variability. As an example, I consider between-
individual variability in the rate of change for math talent perceptions. These declined
linearly, and the absence of any gender X grade interaction implied the rate of change (or
decline) was similar for boys and girls. While the results show that there is a sample-wide
decline in talent perceptions through secondary school, they do not imply that all
individuals come to perceive themselves as progressively less talented in math. Table 3
shows the estimated variance in rate of change across individuals was .008, and so the
standard deviation is V.008. To interpret this, we could consider two individuals who are
each two standard deviations from the mean rate of change, one above and one below.
The mean rate of change f1¢is —.025 (see Table 3), meaning that the predicted growth rates
for these two individuals are —025 + 2V.008 = (-.204, .154). It would therefore be
possible to locate individuals who show no change in their talent perceptions during this
period, and also individuals who come to perceive themselves as increasingly talented at
math up to the rate of .154 per year.
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Table 3. Common explanatory models for the development of boys’ and girls’ talent perceptions
and intrinsic values through Grades 7 to 11.

math English
Talent Intrinsic value Talent Intrinsic value
b est (se) b est (se) b est (se) b est (se)

Fixed Effects
Cons® 4.806 (.032) 3.877 (.051) 4.555 (.033) 4.076 (.043)
grade® —.025 (.005) —.059 (.008) —.007 (.007) .016 (.011)
grade_q:: - .023 (.006) - .000 (.008)
grade ¢ — — — .017 (.004)
gender —.490 (.047) —.377 (.075) .067 (.049)* .595 (.064)
genderXgrade — —.024 (.011) —.022(.015)*
genderXgrade _q - - - .032 (.012)
genderXgrade ¢ - - -
Random Effects
Between-student variance
Cons/Cons .631 (.032) 1.450 (.084) .676 (.034) 941 (.056)
Cons/grade —.016 (.004) —.020 (.010) —.009 (.005) .000 (.000)
Cons/grade_q - —.027 (.010) - —.014 (.007)
Cons/grade _c .013 (.004)

grade/grade .008 (.002) 014 (.005) 007 (.002) .000 (.000)

grade/grade_q —.001 (.001) .000 (.000)
grade/grade_c — — .000 (.000)
grade_q/grade_q .002 (.002) - .005 (.002)
grade_q/grade_c - - .000 (.001)
grade_c/grade ¢ — - .002 (.001)
Within-student variance

Cons/Cons .395 (.013) 1.067 (.038) 408 (.014) 1.016 (.042)

Notes: “Unless otherwise indicated (*), all b coefficients statistically significantly improved the model fit as
indicated by the change in deviance test.

PRandom at the individual student level

“Random at both student and occasion levels

—variable did not significantly improve model fit

“_q” refers to quadratic and “*_c¢” to cubic terms.

Discussion and conclusions

Although cohort-based models showed a significant improvement over “‘common’ models
which estimated a growth trajectory across the three cohorts, given the substantive
impetus for the study and findings that confidence intervals for point estimates overlapped
in all but one instance, the three cohorts were combined in an accelerated longitudinal
design. The more parsimonious models which omitted cohort effects are considered
valuable in clarifying the developmental patterns of change in individuals® talent
perceptions and intrinsic values through Grades 7 to 11. In these “common” models,
estimates are based on information from across the three cohorts, and the unsampled
grades for each cohort are treated simply as missing data based on the missing at random
(MAR) assumption.

As anticipated, developmental changes were negative with indications that transitions at
Grades 7 (for math and English intrinsic values) and 11 (for English intrinsic value)
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heightened negative impacts. English intrinsic value was the only construct which exhibited
the speculated cubic growth trajectory. Linear declines for talent perceptions in math and
English showed that negative changes did not coincide with changes in school curricular
structures and may therefore be normative as students engage in increased social
comparisons and develop more “‘realistic”” views of their abilities over time (Nicholls, 1978).

Declines in intrinsic values, on the other hand, coincided with changes in curricular
structures. Math intrinsic value declined most through Grade 7, which is the first year of
secondary school, and negative changes in motivations post-transition to junior high school
have been well established (e.g., Anderman & Midgley, 1997; Midgley, Feldlaufer, & Eccles,
1989a, 1989b; Seidman, Allen, Aber, Mitchell, & Feinman, 1994; Wigfield, Eccles, Mac Iver,
Reuman, & Midgley, 1991). In NSW Australia, the junior secondary school math
curriculum focuses on consolidation of previously learned material from primary school
(Grades 3 to 6), which may partly account for a dropoff in student interest. English intrinsic
value similarly declined through Grade 7, but also between Grades 10 and 11, when
structural changes in the NSW Australian school environment occur. Perhaps the increased
assessment pressures leading to the final major HSC examination may produce a decline in
students’ interest in English due to a greater focus on outcomes and performance. One might
ask why this would not also be the case in math? Some part of the explanation may relate to
English being compulsory, although further research across multiple academic domains is
needed to identify where and why trajectories are domain specific.

Some theorists have suggested that negative changes on transition to junior high
school are a consequence of concurrent physiological and psychological pubertal
changes (e.g., Blyth, Simmons, & Carlton-Ford, 1983; Hill & Lynch, 1983; Rosenberg,
1986; Simmons, Blyth, Van Cleave, & Bush, 1979). This view has been challenged by
research showing how differences in the pre- and post-transition classroom and school
environments relate to declining motivations (Eccles & Midgley, 1989, 1990), instead
positing a model of “person-environment fit” whereby the needs of young adolescents
are not met by the new junior high school environment. Findings from the present study
are consistent with predictions from this model, although importantly for intrinsic values
but not talent perceptions.

Gender differences favored boys in math and girls in English in line with gender
stereotypes. Gender effects were evident in each case except English talent perceptions,
which may be due to boys’ tendency to overrate their capabilities (e.g., Bornholt,
Goodnow, & Cooney, 1994), since English performance with the present sample favored
girls (Watt, 2002, 2008). There was little evidence for a gender intensification (e.g., Eccles,
1987; Hill & Lynch, 1983; Maccoby, 1966) or gender convergence hypothesis (Fredricks &
Eccles, 2002; Jacobs et al., 2002), with remarkably stable magnitudes of gender difference
in all cases except English intrinsic value, for which girls showed greater declines than boys
earlier, and the reverse occurred later. Such findings emphasize the importance of retaining
a focus on girls’ academic well-being alongside current emphases on boys’ academic
progress. Generally stable gender differences could imply that boys’ and girls’ perceptions
diverge at an earlier age than commencement of secondary school. Because gender
differences in ability beliefs and values have been identified in early school years (e.g.,
Eccles et al., 1993; Marsh, 1989; Wigfield et al., 1997), it seems that boys and girls begin
school already having those gendered perceptions. In the USA, these have been attributed
to socialization experiences in the home and the wider society, such as portrayals of men
and women in the media (e.g., Jacobs et al., 2002).

Future research should investigate how structural curricular changes may bring about
declining motivations across multiple academic domains. Greater attention to between-
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individual variability may also yield new directions, through a closer examination of
individuals who demonstrate positive motivational changes through secondary school and
the factors which promote this. A focus on these “off diagonal” individuals may assist in
further identifying personal and social factors which promote adolescents’ academic
resilience and well-being. Another useful direction will be to examine within-individual
explanatory processes for developmental trajectories through the use of time-varying
covariates: for example, the extent to which values may bring about negative changes in
ability-related perceptions (Jacobs et al., 2002). First, however, there is a need to clarify
the causal sequencing among correlated motivation constructs. Further studies from a
range of cultures are also needed to assess which trajectories may be tied to particular
school systems. The present study was conducted with a fairly homogeneous sample, and
future research could fruitfully sample different ethnic and socioeconomic groups which
may demonstrate other patterns of gender influence than among this upper-middle class
Anglo-Australian group.

The LGCM approach with accelerated longitudinal designs will be an important
vehicle in these endeavours. A limitation of the present study is the small number of
overlapping time points between cohorts. Two time points provide very limited
information about change (Rogosa, 1988), and one time point provides none (Anderson,
1993). In this study, adjacent cohorts shared between two and three overlapping time
points. In designing accelerated longitudinal studies, care needs to be taken to plan
overlaps between cohorts which are adequate to test for the hypothesized developmental
patterns: The more complex the predicted pattern of growth, the greater the number of
overlapping time points will be needed.

Acknowledgements

Thank you to Ray Debus, Mike Bailey, Herb Marsh, Stephen Raudenbush and Kai Schnabel
Cortina for their helpful input in the early stages of this study.

Notes

1. Tests of cohort effects on the intercept are sensitive even in cases where there are small numbers
of overlapping time points. However, tests of cohort effects on linear, quadratic, and cubic
parameters show substantial loss of power and unacceptable multicollinearity when the number
of overlapping time points is fewer than six (Raudenbush & Chan, 1993).

2. This system was in place 1991 through 1999, with a new system of senior high HSC course levels
being introduced in 2000.

3. School A students were more interested in math than School B students, who were more
interested than School C students. However, the confidence intervals between Schools A and B,
and Schools B and C overlapped, indicating point estimates did not significantly differ. Because
of this, and also because the effect of school was on the intercept only and therefore did not
displace patterns of gender effect, the model was re-estimated omitting school parameters.
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