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The Structure of Achievement and Behavior across Middle Childhood

Lori Kowaleski-Jones and Greg J. Duncan

This research used data from the National Longitudinal Survey of Youth (NLSY) to describe and model devel-
opmental trajectories across middle childhood. Our sample consisted of approximately 1,000 children of NLSY
women who were aged 6 to 7 years in either 1986 or 1988. Assessments of PIAT math and reading scores and
the mother-reported Behavior Problem Index in 1986, 1988, 1990, and 1992 provided data for middle-child tra-
jectories of children aged 6 to 7 in 1986. Assessments in 1988, 1990, 1992, and 1994 provided data for children
aged 6 to 7 in 1988. We used the raw score form of these data to estimate LISREL-based models of their autore-
gressive structure. As with other samples, average math and reading achievement trajectories were parabolic
for NLSY children, with scores increasing at a decreasing rate over this period. Average behavior-problem tra-
jectories were flat. Behind these average shapes was extreme diversity in level (and in some cases, slopes), of
individual trajectories and a pronounced tendency for above average changes between two adjacent assess-
ments to be followed by opposite-signed changes in the subsequent period. Estimates from our structural
models showed great heterogeneity in the average level of achievement and behavior for all three outcomes
and heterogeneous slopes for reading scores as well. Boys but not girls were found to have heterogeneous
slopes for math and behavior problems, whereas girls but not boys showed a significantly higher degree of
persistence if “shocked” off of their expected trajectories.

INTRODUCTION

Understanding how the abilities, achievements, and
behaviors of children evolve across childhood is a key
concern of developmentalists. Recent advances in
both methodology (e.g., Willett & Sayer, 1994) and data
collection (Chase-Lansdale, Mott, & Brooks-Gunn,
1991) now make possible the description and model-
ing of achievement and behavior trajectories for large
national samples of children spanning nearly a de-
cade. This article uses data from the National Longi-
tudinal Survey of Youth (NLSY79; Baker, Keck, Mott,
& Quinlan, 1993) to describe and model developmen-
tal trajectories across middle childhood.

We begin with a simple description of the behavior
and achievement patterns between ages 6 and 7
years, and 12 and 13 years. Consistent with countless
studies based on more specialized samples, we found
that, on average, reading and mathematics achieve-
ment increased at a decreasing rate, whereas averages
of mother-reported behavior problems changed rela-
tively little. These averages, however, concealed a
great deal of individual variability in test-score and
behavior trajectories.

Crucial in this variability was a pervasive ten-
dency for sharp changes in scores from one assess-
ment period to the next (intervals of 2 years in our
data) to be followed by pronounced changes in the
opposite direction over the following measurement
interval. This regression to the mean was consistent
with a measurement-error interpretation, although it
also was consistent with a process involving genuine

change, caused, say, by a family disruption (if nega-
tive) or an unusually good teacher or mentor (if posi-
tive) that was not sustained.

Unlike previous work on growth-curve dynamics
(e.g., Willett & Sayer, 1994), we viewed the speed with
which children with sharp changes in scores revert
to their “expected” trajectories as a key parameter of
interest. This parameter may reflect institutional fac-
tors such as school-based tracking or the cumulative
nature of learning of a subject like mathematics, both
of which might convert an otherwise transitory
downward “shock” to achievement into a permanent
downward displacement in the trajectory.

That children differ in average levels of achieve-
ment and behavior is beyond doubt. The extent of vari-
ability in the slopes of developmental trajectories is less
certain, especially if one allows for transitory shocks to
children’s observed scores, coupled with some degree
of persistence in the deviation of “shocked” scores
from longer-run trajectories. Our approach allowed
us to test explicitly for the degree of variability in tra-
jectories, once mean differences and the degree and
persistence of shocks were taken into account.

We begin by summarizing some of the key literature
on developmental trajectories in achievement and be-
havior for the middle-childhood period. We then pro-
vide a description of our data, followed by a descrip-
tion of various empirical features of the trajectories
of these scores across middle childhood. We then de-
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scribe and estimate our models of achievement and
behavior-score dynamics and discuss our results.

Background

Given its continuous nature, dividing human de-
velopment into discrete time periods is somewhat ar-
bitrary. Yet, the period of middle childhood has been
distinguished from early childhood and adolescence
along a number of key dimensions (e.g., Collins,
1984). Around the age of 6 or 7, children show skills
and characteristic modes of thought and behavior
that differ significantly from previous periods. Chil-
dren become involved in the process of consolidating,
extending, and integrating social and personal knowl-
edge acquired previously. These changes manifest
themselves in the increased capacity to solve prob-
lems and the beginning capacity to form intimate re-
lationships. Second, and even more important, mid-
dle childhood marks the emergence of heterogeneous
capacities and typical behaviors. An important re-
search question is to what extent and in what way
children’s basic competencies and behavioral pat-
terns become “crystallized” during middle childhood
into relatively consistent forms that persist into ado-
lescence and early adulthood (Collins, 1984; Caspi,
Elder, & Bem, 1987). Moreover, is the extent of crystal-
lization greater for girls than boys? Our research ad-
dressed this question and suggested the “crystalliza-
tion” process during middle childhood might be
sharper for girls than boys.

We recognize that middle childhood is a period of
change in many dimensions such as emotional iden-
tities, physical maturation, and peer attachment. We
focused our empirical research and our literature re-
view on two key domains of the middle childhood
period, however: achievement and problem behavior.

Achievement. There is a large psychological litera-
ture on the nature of children’s cognitive develop-
ment during the middle childhood ages (Honzik,
MacFarlane, & Allen, 1948; McCall, Appelbaum, &
Hogarty, 1973; Piaget, 1971). Though our primary in-
terest was in children’s achievement rather than abil-
ity, the literature on cognitive development was of ob-
vious importance for understanding achievement
trajectories. Collins (1984) observed that ages 5 to 7
are recognized to be a period of significant cognitive
changes, as in the increasing ability to deal systemat-
ically with abstract representations of objects and
ideas. Between the ages of 6 and 9, children gain skills
that allow them to reason about increasingly complex
problems and situations in both physical and social
worlds. Later in the period, between the ages of 10
and 12, children begin to develop increasing facility
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in generalizing across discrete instances and are more
able to reason by generating and testing hypotheses.
More generally, during this period children are in-
creasingly able to organize their thoughts and behav-
ior. The ability to monitor one’s own activities and
mental processes increases during middle childhood
(Brown, Bransford, Ferrara, & Campione, 1983).

Children become more adept during middle child-
hood at acquiring new information and using this in-
formation in reasoning and action. It also marks the
entrance of children into the formal education sys-
tem. Given this, much of the new information they
are likely to acquire will be in an academic context.
Though school may be the overt catalyst to acquire ac-
ademic knowledge, schools also function to socialize
children in terms of dominant cultural norms and
values, including attitudes about gender expectations.

According to Erikson (1963), middle childhood is a
period of industry in which children master the basic
tools and skills needed for adult life. Children are
consumed with the task of becoming producers; they
learn skills; they begin to learn what constitutes suc-
cess in the larger society; to the extent that they feel
that their family characteristics, race, or gender limits
their potential for success, their competence might
suffer. Indeed, one of the potential dangers of middle
childhood is that children’s sense of personal ade-
quacy is developing and therefore vulnerable. To the
extent that they feel their achievement skills are inad-
equate, they might be discouraged from further de-
veloping these skills. Moreover, if events divert them
from their expected trajectories, otherwise temporary
diversions may become permanent.

Using data from the Fels Longitudinal Study, Mc-
Call and colleagues (1973) observed that the median
range of standardized IQ scores of middle-class chil-
dren is 29 IQ points between the ages of 2 and 17.
They also found that 1 in 7 children displayed shifts
of more than 40 points. Cluster analysis techniques
revealed multiple groups of children who exhibited
different pattern of IQ change over age. Their work
revealed trajectories for some children in which IQ in-
creased quite sharply from the age of 6 to peak at the
age of 9, only to then decrease to a level by the age of
17 that was equivalent to the level at the age of 6. This
significant variability in children’s mental performance
trajectories suggested that achievement trajectories also
might be characterized by high degree of variability.
Our work sought to chart this potential variability in
children’s math and reading achievement.

Research focusing more generally on the dynamic
trajectories of reading and math achievement is lim-
ited. Pungello, Kupersmidt, Burchinal, and Patterson
(1996) used hierarchical linear modeling (HLM) to ex-
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amine the role of environmental risk in children’s
achievement from middle childhood to adolescence.
They found that lower family income and minority
statuses were significant predictors of children’s
achievement over time. Theoretical work by Eccles
and colleagues (1983) suggested that trajectories of
achievement may differ for boys and girls (Eccles,
1984; Eccles, Adler, & Meece, 1984; Eccles, Jacobs, &
Harold, 1990). Their model linked achievement choices
to expectancies for success to the importance of the
task or incentive value of the task, in this case achieve-
ment in math or reading. Success in an achievement-
related task was shown to be a function of expecta-
tions of success and perceived value of the task, as
well as factors present within social realm such as
gender role and cultural stereotypes (Eccles, 1984).
This model assumed that achievement decisions, such
as the decision to strive for high attainment on achieve-
ment measures, are made in the context of choices.
Additionally, it assumed that these choices are guided
by one’s expectations about various kinds of success,
competency needs, and social expectations about gen-
der stereotypes and by the potential cost of investing
in one activity rather than another. If, as Erikson (1963)
suggests, middle childhood is a time of skill attain-
ment and an increasing awareness that access to suc-
cess might be limited based on personal characteris-
tics, then girls might be more likely to be diverted
from their expected path. Specifically, a transitory
shock to an expected trajectory may be more likely to
become permanent for girls than boys.

Problem behavior. Studies of children’s behavior prob-
lems suggest that, for most children, problems ob-
served in early childhood are not enduring, but that
behavior problems stabilize at different levels for dif-
ferent children (Achenbach, 1984). Dodge (1993) re-
viewed the social cognitive mechanisms involved in
the development of aggressive and depressive prob-
lems and argued that aggressive behavior derives
from basic cognitive deficiencies that make it more
difficult for some children to find nonaggressive so-
lutions to interpersonal dilemmas. Aggressive chil-
dren frequently are not able to initiate varied solu-
tions to problems and are more likely to misperceive
others’” intentions. Dodge (1991) also argued that ag-
gressive children are more likely to perceive peers as
having aggressive intent and to act accordingly, and
therefore create a situation in which the interaction
will become problematic. Children who exhibit de-
pressive behavioral affect are more likely to misper-
ceive daily situations as well. These children are
more likely to selectively attend to failure and nega-
tive information and tend to blame problems on their
own shortcomings.

These reactions to emotional distress may either be
temporary or indicative of a long-term self-reinforcing
pattern of learned behavior. Established patterns of
family interaction patterns may provide repeated re-
inforcement for problematic behavior and increase
their chance of reoccurrence. If persistent, the behav-
ior may lead children to select themselves into envi-
ronments that further sustain these behaviors (Elder
& Caspi, 1988).

Similarly, Crick and Dodge (1994) contended that
developmental pathways are based heavily on re-
peated experiences. They described a process by which
the children’s paths are initially quite varied but become
more deterministic. In essence, they suggested that chil-
dren are less likely to be “shocked” away from their
path, as their path becomes more “worn” by experience.

Wachs (1996) also discussed processes underlying
developmental trajectories in childhood. He identi-
fied a developmental process by which children choose
“niches” that serve to maintain continuity in individ-
ual development over time. These niches are loca-
tions within the child’s social environment and can
have a positive or negative valence, depending on
whether the niches inhibit or enhance individual de-
velopment. Some scholars (Scarr & McCartney, 1983)
have contended that the choice of niches is the result
of rational choice, but still others, such as Wachs, have
argued that there are fewer available niches and a
higher proportion of negative valence niches should
hinder behavioral adjustment over time. Examples
include a variety of biological (chronic illnesses), en-
vironmental (substandard family interaction), or in-
dividual characteristics (innate cognitive abilities and
temperament) that may enhance or impair an indi-
vidual’s capacity to discover positive developmental
niches. These children’s paths may be complex and
marked by differential tendencies for children shocked
off one trajectory to be propelled into another “niche”
that can persist over time.

Much of the available research on childhood be-
havioral problems has either focused on the determi-
nants of their level at a point in time without (Cooksey,
Menaghan, & Jekielek, 1997; Mott, Kowaleski-Jones, &
Menaghan, 1997) and with (Menaghan, Kowaleski-
Jones, & Mott, 1997) controlling for behavior problems
in previous years. Studies of change in childhood ag-
gression typically have been based on data with rela-
tively few data points (Patterson, 1993).

Loeber and his colleagues (1993) found support for
three developmental pathways involving severe ag-
gression patterns during childhood and into adoles-
cence. The first consisted of children first engaging in
aggressive acts such as annoying and bullying others,
then moving to physical fighting, and then to serious



violence in adolescence. The second consisted of esca-
lation in covert and concealing problem behaviors,
and the third pathway was an authority conflict path-
way that concerned conflict with parents and teachers.

A few studies have used growth curve methods to
examine problematic behavioral trajectories through-
out the period of middle childhood. One charted the
impact of poverty histories on childhood antisocial
behavior of children in the NLSY79 (McLeod & Shan-
ahan, 1996). It found that the number of years that
children were poor between 1986 and 1990 correlates
significantly with changes in children’s antisocial be-
havior during those years and that antisocial behav-
ior increased more rapidly for children with histories
of persistent poverty during those years than for tran-
siently poor or nonpoor children. These results dem-
onstrated the accelerating behavioral disadvantages
faced by persistently poor children. Growth curve
models also have been used to chart the long-term in-
fluence of parental divorce on children as they move
into adulthood; evidence from a British birth cohort
indicated that a parental divorce in childhood contin-
ues to affect individual behavioral problems in adult-
hood (Cherlin, Chase-Lansdale, & McRae, 1998).

As with achievement, we expected that boys and
girls may differ in the structure of their behavior
trajectories. In a review of the development of aggres-
sion, Loeber and Hay (1997) documented gender dif-
ferences across middle childhood. Boys are persis-
tently more likely to show higher rates of physical
aggression than girls. In contrast, girls may be more
likely to begin to exhibit more verbal and indirect ag-
gression such as alienation and character defamation.

If girls were to behave in a problematic manner,
however, this behavior might receive more attention
from key adults and peers who may place more rela-
tive importance on female aggressive behavior. Re-
search has indicated that children who develop early
behavior problems may elicit reactions from parents,
teachers, and others that reinforce those problem be-
haviors (Belsky, 1984; Patterson, 1986). This process
might be even sharper among girls than boys if adults
perceive their problem behavior as nonnormative.

McFadyen-Ketchum, Bates, Dodge, and Pettit (1996)
used four waves of data to identify early child aggres-
sion trajectories. These trajectories were based on
assessing whether the child scored high or low on ag-
gression and whether child aggression levels subse-
quently decreased or increased. The evidence from
this research indicated that mother—child interaction
patterns were predictive of initial levels of aggres-
sion, but boys and girls differed in how coercion and
nonaffection predicted changes in aggression across
the elementary school years. Boys who lived in coer-
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cive and nonaffectionate family environments were
more likely to follow a path of high initial aggression
and subsequent increasing aggression. In contrast,
girls who lived in similar family environments were
more likely to follow a behavioral trajectory charac-
terized by high initial aggression and subsequent
decrements in aggressiveness. These results suggest
that there might be important gender differences in
child developmental behavioral trajectories.

As with the literature on achievement, much of the
available research has been concerned with identify-
ing and testing predictors of childhood behavior tra-
jectories. The important goal of gaining an accurate
dynamic picture of the structure of behavioral path-
ways remains. These studies point to the value of
using longitudinal methods to characterize the po-
tential childhood behavior trajectories, but much work
needs to be done to describe the basic shape and vari-
ability of behavioral trajectories in middle childhood.

METHOD
Data

We used data from the 1994 and earlier survey
rounds of the National Longitudinal Survey of Youth
(NLSY79; Baker et al., 1993), a nationally representa-
tive study designed by the United States Department
of Labor to study variations in labor market behavior
and experiences. The mothers of the children we
studied were between the ages of 14 and 22 when first
interviewed in 1979 and constituted a representative
sample of individuals born between 1957 and 1965.
Their ages ranged from 29 to 37 in 1994. The NLSY79’s
initial design oversampled Black, Hispanic, and eco-
nomically disadvantaged White youth. Design-based
weights were used throughout our analysis to produce
nationally representative estimates. These youth (and
the subset of them who were or became mothers of
the children we studied) have been interviewed an-
nually since 1979. The response rate in the 1979 wave
was 79%. This survey has had a remarkably high re-
tention rate, with almost 90% of those originally inter-
viewed in 1979 also interviewed in 1994.

Beginning in 1986, interviewers administered an
extensive set of assessment instruments to the chil-
dren of all the female respondents. These assess-
ments included information about cognitive, socio-
emotional, and psychological aspects of the child’s
development as well as about the quality of the
home environment (Baker et al., 1993). In 1986, the as-
sessments were completed by 4,971, or about 95%, of
the coresident children of mothers interviewed in
1986. These same children, plus newly age-eligible
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children, were interviewed again in 1988 (6,266 valid
interviews were completed), in 1990 (5,803 valid in-
terviews), in 1992 (6,509 valid interviews), and in
1994 (7,089 valid interviews).

We studied two cohorts of children. The first con-
sisted of children aged 6 to 7 in 1986, 8 to 9 in 1988, 10
to 11in 1990, and 12 to 13 in 1992. There were 633 chil-
dren in this cohort from whom interview data was
gathered in the three follow-ups. These children were
among the oldest children of the NLSY79 mothers.
Some 51% of them were born to mothers who were
under the age of 20 at the birth of the child, and none
were born to mothers who were older than the age of
23 at the time of the birth. The second cohort of chil-
dren we selected, of which there were 903, were aged
6to7in 1988, 8 to 9 in 1990, 10 to 11 in 1992, and 12 to
13 in 1994. Though more representative than children
in the first cohort, almost one third of the children in
this cohort were born to mothers under the age of 20
at the time of the birth, and none were born to moth-
ers older than the age of 25 at the time of the birth.
When interpreting the results of our research, it is im-
portant to keep this sample limitation in mind. Addi-
tionally, we excluded children whose mothers were
part of the initial oversampling of economically dis-
advantaged poor White sampling in 1979. For finan-
cial reasons, these mothers and their children were
dropped from the NLSY79 between 1988 and 1990
surveys. We also limited our multivariate analyses to
those children who had valid scores for all four time
periods for the given assessment.

Measures

We used two achievement measures and one be-
havior problem assessment from these data (Baker et
al., 1993). Both achievement measures are taken from
the Peabody Individual Achievement Tests (PIAT):
mathematics and reading recognition (Dunn and Mark-
wardt, 1970). Children aged 5 and older were admin-
istered these tests at each of the biennial assessments.

The mathematics assessment consists of 84 multiple-
choice items of increasing difficulty. It begins with such
early skills as recognizing numerals and progresses to
advanced concepts in geometry and trigonometry. A
child looks at each problem and then chooses an an-
swer by pointing to or naming one of four options.
Children enter the assessment at an age-appropriate
item and establish a basal by attaining five consecutive
correct responses. Testing stops when the child re-
sponds incorrectly to 5 out of 7 items. Our analysis is of
the raw score responses to these questions.

The PIAT reading recognition assessment mea-
sures word recognition and pronunciation ability.

This assessment contains 84 items, each with four op-
tions, that increase in difficulty from preschool to
high school levels. Skills assessed include matching
letters, naming names, and reading single words
aloud. The scoring and scaling procedure is similar to
that of the PIAT math assessment. Both the PIAT
mathematics and reading recognition assessments
are generally considered to be highly reliable and
valid, and their widespread use is evident in the psy-
chological and sociological literature (Murphy, Cono-
ley, & Impara, 1994).

We measured the children’s behavior problems with
items that were drawn largely from the Achenbach
and Edlebrock Behavior Problems Inventory (BPIL
Achenbach & Edlebrock, 1981). We combined the ex-
ternalizing and internalizing subscales into a single
score. Examples of internalizing behavior were whether
the child was: unhappy, sad, or depressed; complained
no one loves him /her; and demanded a lot of attention.
Examples of externalizing behavior were whether the
child was: disobedient at home; was stubborn, sullen,
or irritable; and had a strong and easily lost temper.
Scores on these items were 1 if the mother reports
“often true” or “sometimes true,” and 0 otherwise.

Researchers who have demonstrated the consider-
able construct validity of the measure have exten-
sively used this index of children’s behavioral prob-
lems. For example, Parcel and Menaghan (1988),
among others, demonstrated strong and plausible re-
lations between the BPI and a variety of social and de-
mographic variables. This measure of behavior prob-
lems had consistently high test-retest reliability. On
average, Cronbach’s a for the measure across the as-
sessment years is .85.

RESULTS
Patterns of Achievement and Behavior Trajectories

Figures 1 to 3 present the means and standard de-
viations of the achievement and behavior scores at
the four age points provided by our data. Although
these data were calculated from a longitudinal sam-
ple, the means and standard deviations plotted in the
figures were cross-sectional in nature and could have
come from independent samples taken at the four age
points. As expected, there was curvilinear growth in
mean reading and, especially, mathematics scores,
but little net change across middle childhood in mean
behavior-problem scores. There was some tendency
for the dispersion in reading scores to increase over
the 8-year interval for both boys and girls and for the
dispersion in behavior problems to increase for girls.

To gauge the degree of dispersion in linear trajec-
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Figure 1 Means and standard deviation ranges of behavior problems for boys and girls aged 6 to 7 in 1986 or 1988.

tories, we calculated for each child and each assess-
ment an average change in scores. We did this by fit-
ting a time-centered OLS regression line to the four
observed scores. For a child with scores of y;, y,, ¥,
and y,, this amounts to calculating (—1.5y; — .5y, +
5y3 + 1.5y4)/5. The slope value can be interpreted as
the average amount of test-score change over each 2-
year interval. Ranking children by average change re-
vealed considerable dispersion. Consistent with Fig-
ure 1, the median change in behavior problems was
essentially zero. But the 10% of the sample with the
most negative change in BPI scores enjoyed declines
that totaled at least 7 points on the BPI scale over the 8
years. The 10% of the sample with the most problem-
atic positive BPI trajectories experienced total increases
of at least 7 points on the BPI scale over the 8 years.

In the case of the two achievement scores, the 10%

of the children with the worst (i.e., least positive) tra-
jectories still had positive changes: 6.0 to 6.4 points
every 2 years in mathematics scores, and 5.4 to 6.3
points every 2 years in the case of reading. The
changes for the 10% of children with the most posi-
tive trajectories were, of course, much larger: 13.5 to
13.7 points every 2 years in mathematics scores, and
15.5 to 16.2 points every 2 years in the case of reading.

Linear trajectories such as these describe an aver-
age rate of change across the measurement interval
and can lead to the impression that most children dis-
play monotonic patterns of increasing or decreasing
scores. In fact, the observed score trajectories were
rarely monotonic, with increases much more likely to
be followed by decreases than further increases. By
taking the simple difference between time 1 and time
2 scores and correlating them with the simple differ-

70
62.9 63.8
60 1
55.7 55.8 533 542
50 t
% 47.0 474 47.0 47.6 | | 16
= 4071 377 W35 4382 4393
> 317
S 30 1 30.5 2284 +27.6
o
201 2.3 21.7
0l 7 129 2130 PYEENT))
W mean
0 + + + + + + + t %#1—SD
Girls Boys Girls Boys Girls Boys Girls Boys
Age6to7 Age8to9 Age10to 11 Age12to 13

Figure 2 Means and standard deviations of math scores for boys and girls aged 6 to 7 in 1986 or 1988.
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Figure 3 Means and standard deviation ranges of reading scores for boys and girls aged 6 to 7 in 1986 or 1988.

ence between scores at times 2 and 3, we found that
the correlations were negative and substantial in all
cases—ranging from —.24 in the case of change in
reading scores, to —.31 for behavior problems, and
—.37 for math scores. Analogous correlations for
changes between times 2 and 3 and times 3 and 4 were
similarly negative, ranging from —.34 for reading
change, to —.35 for math-score change, and —.39 for
behavior-problem change.

Between one fifth and one third of the children in
our sample had achievement or behavior scores that
were consistently above or below the average of their
age mates (Table 1). But what about the persistence of
trajectories? We calculated the proportion of children
who were consistently above and below average on a
simple difference change score between times 1 and 2,
times 2 and 3, and times 3 and 4. These calculations
are shown in Table 1. Looking across all three assess-
ments, we saw that slightly higher proportions of
children were above the mean change on the behavior
problems score, .11, than for the math and reading
scores, .09 and .06, respectively. Very few of the chil-
dren were consistently below the average on the be-
havior problem change scores, .02, whereas a slightly
higher proportion of children were persistently below
the mean for changes in math and reading scores, .06
and .10, respectively. All in all, these proportions indi-
cated that fewer than 1 in 6 children had achievement
or behavior trajectories that were either persistently
more negative or positive than their age mates.

Negative correlations were consistent with a mea-
surement error interpretation, because an errone-
ously high score in, say, period 2 will produce an er-
roneously positive change between time 1 and 2,
followed by an erroneously negative change between

times 2 and 3. But they also were consistent with a
more substantial picture of real change caused by some
positive or negative event, followed by a resilient re-
covery in the case of an initially negative change or dis-
appointing reversion to a longer run, less positive, tra-
jectory in the case of an initially positive change.

Table1 Weighted Statistics for Behavior Problems, PIAT Math,
and PIAT Reading Scores for All NLSY Children aged 6 to 7 in
1986 or 1988

BPI Math  Reading

Level scores
Above average scores at all four

assessments 22 22 .26
Below average scores at all four
assessments 28 .26 .34

Change scores
Above average on change scores

1,2,and 3 11 .09 .06
Above average change 1 and 2,

below average change 3 14 A1 A1
Above average change 1, below

average change 2 and 3 A1 14 A1
Below average change 1, above

average change 2 and 3 13 11 .10
Below average change 1 and 2,

above average change 3 12 A1 .09
Below average on change scores

1,2,and 3 .02 .06 .10

Above average change 1, below

average change 2, and above

average change 3 19 19 .16
Below average change 1, above

average change 2, and below

average change 3 18 19 17

N = 966 1,016 1,020




Our approach to describing these test and behavior-
score dynamics fit models to the variance—covariance
matrices of the scores. These matrices, along with the
associated correlations, are presented in Table 2.
Based as they are on individual-level variability across
time, they revealed several features of the data not
readily apparent in Figures 1 to 3. For behavior prob-
lems, the variance of girls’ scores at time 1 (aged 6 to
7) was considerably smaller than that of boys. The
variance of boys’ and girls’ math scores fluctuated
considerably over time. Noteworthy in the reading
scores was the increasing variance for girls and, es-
pecially, for boys.

Researchers have argued that middle childhood is
a period in which behavior problems are likely to sta-
bilize (Achenbach, 1984). Table 2 presents the correla-
tions of behavior scores from time 1 to time 4 that
have bearing on this issue. The correlation between
boys’ time 1 and time 2 behavior problems was .62
(.60 for girls), which would suggest a fair amount of
stability between the two time periods. The correla-
tions between the adjacent time periods (2 versus 3,
and 3 versus 4) over the rest of the study period,
however, only increased slightly and actually de-
creased between time 3 and 4 among girls. This does
not suggest a clear case for the increasing stability of
behavior problems over middle childhood. In fact,
these descriptive statistics point to the importance of

Table 2 Covariance-Correlation Matrices
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using more sophisticated multivariate methods for the
study of developmental trajectory variability over time.

A Statistical Model of Achievement
and Behavior Dynamics

Drawing from the literature on income dynamics
(Hause, 1980; Lillard & Willis, 1978), we estimated a
model of achievement and behavior-score dynamics
that allowed for persistent differences in the level and
slope of individual trajectories. This model also al-
lowed for “shocks” that throw children off their ex-
pected trajectories and for a recovery process from
the shocks that brings people back to these trajecto-
ries. The model can be written as:

Yie = Wi + it + e;r (1)
where e; = pe;_1 + v

In (1), y; is the achievement or behavior-problem
score of child i in year ¢, expressed as a deviation from
the time t sample mean; p; is the it child’s unob-
served time-invariant achievement or behavior score;
v; is the linear slope of the i child’s scores across
time; e is a first-order autoregressive error term; p is a
serial correlation coefficient common to all children;
and v;; is a purely random error term. In our data, ¢ in-
creased by one unit between the every 2-year assess-

Behavior Problem Index

Boys Time 1 Time 2 Time 3 Time 4 Girls Time 1 Time 2 Time 3 Time 4
Time 1 37.62 .62 .53 .38 Time 1 29.88 .60 51 46
Time 2 23.44 37.65 .63 .55 Time 2 18.56 32.04 74 .61
Time 3 21.02 25.16 41.90 .65 Time 3 16.52 24.72 38.89 .63
Time 4 14.22 20.86 25.76 38.01 Time 4 15.52 21.38 23.33 38.89
PIAT Math

Boys Time 1 Time 2 Time 3 Time 4 Girls Time 1 Time 2 Time 3 Time 4
Time 1 76.59 .64 48 43 Time 1 88.67 .66 .55 .53
Time 2 55.62 98.50 .61 .58 Time 2 57.47 86.74 .70 .64
Time 3 34.19 48.63 67.61 .69 Time 3 45.51 57.05 76.22 .70
Time 4 36.28 55.57 54.40 92.44 Time 4 47.98 56.64 58.67 91.34
PIAT Reading

Boys Time 1 Time 2 Time 3 Time 4 Girls Time 1 Time 2 Time 3 Time 4
Time 1 78.86 .69 71 54 Time 1 91.72 .68 .60 .51
Time 2 70.20 133.02 .86 .84 Time 2 71.53 120.72 .84 74
Time 3 84.98 133.43 179.56 .84 Time 3 63.62 101.15 121.13 .80
Time 4 68.61 137.23 160.54 202.79 Time 4 61.51 102.90 110.65 158.94

Note: Covariances are on and below the diagonal. Correlations are above the diagonal. All are weighted.
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ments and ranged from —1.5 to +1.5 to center it
within our four assessment points.

In effect, the model presumed that each child’s
score at a given point differed from his or her age-
mates in terms of both average level (u;) and slope
(v;)- Economists who have developed these models
term the p; a “fixed effect,” because, in our context, it
is an unchanging characteristic of each child, relative to
his or her age-mates, across time. The ¢; term is a resid-
ual from this average level and slope that reflects both
purely random variation (v;, termed “shock variance”
in the income models) as well as some tendency (cap-
tured by p) to remain above or below the expected tra-
jectory once pushed (“shocked”) away from it.

Suppose, for example, that a divorce disrupts a
child’s life and increases his or her behavior-problem
symptoms. Whether the child persists with more be-
havior problems or quickly returns to his or her “nor-
mal” behavior problem trajectory is reflected in a
high or near-zero value of p.

The model produces a number of parameters of in-
terest. In large part, the observed sample variance of a
score is the sum of the fixed effect (¢2,) and transitory
(02,) variances. (Heterogeneous slopes [¢2,] also will
contribute to the observed variance, but we ignore
that fact for the moment.) Thus, the relative sizes of
fixed effect (02,) and transitory (0?,) variances are a
useful indicator of how much of the observed vari-
ability in a score results from permanent as opposed
to transitory interindividual differences. Whether
once transitory shocks (v;) and recovery (p) are taken
into account, there are significant differences in the
slopes of children’s developmental trajectories is re-
vealed by the size and significance of the slope vari-
ance (02,). The recovery process itself is summarized
by p, which can vary between —1 and +1 but is ex-
pected to be either zero (indicating complete recovery
over the 2-year interval between assessments) or pos-
itive (indicating partial recovery).

Although transitory variances and the p recovery
parameters could, in theory, vary across the four as-
sessment points, the four assessments did not pro-
vide enough degrees of freedom to estimate such a
complete model. After considerable experimentation,
we adopted the assumption that the three p parame-
ters had a common value, as did the second through
fourth shock variances (02,). Our experimentation in-
cluded constraining various combinations of period-
specific transitory (¢%,) and p parameters and assess-
ing whether the model fit improved relative to the
model outlined above. The rationale for allowing for
a different shock variance in the first period is that
first-period variance presumably reflects dynamic el-
ements that preceded the point of first measurement.

Given the increase in the observed variance of read-
ing scores, we anticipated that the transitory variance
might be higher in the fourth and possibly third pe-
riod than in earlier periods. Given the Crick and
Dodge (1994) hypothesis of increasingly determinis-
tic behavior problems trajectories, we anticipated small
“shock” variances in the third and fourth periods. In
all cases, none of this experimentation significantly
improved the fit of the model.

Insight into the structure of the model can be
gleaned from the four hypothetical expected and ob-
served test scores for three children drawn in Figure 4.
The expected trajectories of the first and second chil-
dren are parallel to one another, reflecting an assump-
tion of fixed effect (p;), but not slope (y;) differences be-
tween the first and second child. The third child’s
trajectory is drawn to have both a lower level and more
negative slope than those of the first two children.

Measurement error and unexpected events will
cause observed scores to deviate from these expected
trajectories. Observed scores are drawn in Figure 4 to
be fairly close to the expected trajectories, reflecting
an assumption that transitory variance (02,) is small
relative to the variance of expected interindividual
(fixed effect, 0%,) differences. The models we estimate
provided a quantitative assessment of the relative
sizes of these two components of variance.

Observed scores in Figure 4 have also been drawn
to reflect varying assumptions about the speed of ad-
justment to the transitory “shocks.” In the case of the
first child, the score at age 6 was somewhat higher
than his or her expected trajectory, reflecting some
combination of transitory positive shocks around age
6 and the lingering effects of positive shocks at prior
unobserved ages. The first child experienced a sub-
stantial negative shock between ages 6 and 8, causing
the observed score at age 8 to lie below his or her ex-
pected trajectory. (Note that even though the shock was
negative, the observed score does increase between
ages 6 and 8. The change is negative in the sense that
it is less than what would be predicted by the ex-
pected trajectory.) Assuming no further shocks, the
observed scores at age 10 and 12 showed a pattern of
only gradual return to the expected trajectory. In the
language of the model, p was positive and close to
unity for the first child, reflecting initially no recovery
from “shocks.” Child 2’s observed scores were drawn
to reflect a more rapid return to the expected trajec-
tory, that is, a less positive p. Observed scores for the
third child followed an autoregressive pattern similar
to that of the first child: a negative shock between the
ages of 6 and 8, followed by very slow recovery. Our
model provided estimates of p that were averaged
across all children.
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Figure 4 Expected and observed test or behavior score trajectories.

Multivariate Results

Parameter estimates and standard errors from a
variety of models are shown in Table 3 for girls and
Table 4 for boys. Despite the many similarities be-
tween the test and behavior score patterns for boys
and girls revealed in our descriptive analysis, tests of
equality of parameters in our test score dynamics
models always indicated highly significant differ-
ences between the two groups. As a result, we have
presented all of our results separately by sex and then
noted which of the individual parameters differed
significantly between the sexes.

We show results from two nested models, the
first of which constrained the variance of the slope
trajectories (vy;) to zero and the second relaxing that
constraint. The fit of these models was summarized
with the model x2, which is dependent on sample
size, the adjusted goodness of fit index, and the
Bayesian Information Criterion (BIC) statistic (Raf-
ferty, 1995). Better fitting models were indicated by
increasingly negative values of the BIC statistic.

Taking behavior problem scores as an example, we
can see that the first model, which allows for hetero-
geneity in the levels but not slopes of score trajecto-
ries, produced only a moderately good fit to the data
for both boys and girls; an allocation of observed vari-
ance into roughly equal amounts of fixed-effect and
transitory variance (comparing o2, with the second,
third, and fourth period values of ¢2,); and an esti-

mate of substantial and highly significant persistence
to deviations from long-run trajectories (p).

Allowing for heterogeneous slopes produced a
highly significant estimate of slope variance for
boys but not girls. The covariance between the level
and slope of behavior-problem trajectories was sig-
nificant for girls but not boys. Allowing for hetero-
geneous slopes also reduced the estimates of both
the transitory variance and p. An intuitive explana-
tion of the interrelation between the slope variance,
transitory variance, and p was that dispersed scores
over time can be accounted for in two ways: (1) sub-
stantial and continual shocks to essential parallel
expected trajectories; and (2) smaller and less per-
sistent shocks to differently sloped expected trajec-
tories. In the case of boys, the second explanation
clearly fit the data better than the first. In the case of
girls, the difference between these two alternatives
was not as clear cut.

All told, the estimates of the level-plus-slope BPI
models indicated the following. First, the higher ob-
served variability in behavior problem scores for boys
relative to girls appeared to be a function of greater
dispersion in the permanent level of boys’ behavior;
transitory variations in behavior problems were quite
similar for boys and girls. Second, boys had heteroge-
neous behavior-problem slopes but, once “shocked”
away from their expected trajectories, quickly re-
turned to them. For girls, trajectories differed in level
and not slope but, once shocked away from these ex-



Table 3 Weighted LISREL Maximum Likelihood Estimates for Behavior Problems, PIAT Math, and PIAT Reading Recognition Raw Scores, For all Girls Aged 6 to 7 in 1986 or 1988

Observed
Variance Individual Individual Second to
No. (Time 1 to Level Slope First Fouth
of Time 4 Variance Level-Slope Variance Period Period P1, P2
Obs. Average) (02 Covariance (02%)) o2, o2, and p; X2 daf AGFI BIC
BPI 469 33.92 14.39 — — 17.16 16.92 42 43.80 6 932 6.38
(1.86) (1.81) (.85) (.05)
17.11 1.77 .33 18.23 14.38 .28 3143 4 925 6.83
(2.37) (.55) (.65) (4.14) (1.39) (.09)
Math 503 85.74 48.69 — — 46.31 32.28 .26 14.64 6 978 —22.68
(4.28) (3.95) (1.72) (.05)
50.65 1.89 1.19 42.66 29.48 .20 9.08 4 978 —15.80
(4.91) (1.21) (1.31) (7.86) (2.81) (.08)
Reading 509 123.13 25.64 — — 66.33 52.55 .80 84.09 6 874 46.70
(14.30) (14.69) (1.99) (.04)
82.26 11.91 5.39 40.64 29.93 24 54.76 4 .880 29.84
(6.94) (1.77) (1.54) (8.78) (3.02) (.09)

Note: Standard errors are in parentheses. First to fourth period a2, are estimates of transitory variance. p;, p,, and p; are autoregressive parameter estimates.

Table4 Weighted LISREL Maximum Likelihood Estimates for Behavior Problems, PIAT Math, and PIAT Reading Recognition Raw Scores For All Boys Aged 6 to 7 in 1986 or 1988

Observed
Variance Individual Individual Second to
No. (Time 1 to Level Slope Fourth
of Time 4 Variance Level-Slope Variance First Period Period P1, P2
Obs. Average) (02 Covariance (0%) a2, o2, and p; X2 daf AGFI BIC
BPI 497 38.79 16.55 — — 22.79 19.15 34 28.41 6 955 —8.84
(1.98) (2.09) (.98) (.05)
21.84 23 2.13 13.08 14.41 .08 16.52 4 .960 —8.32
(1.81) (.54) (48) (2.18) (1.21) (07)
L 510 83.78 36.93 43.84 41.89 .36 65.85 6 .898 28.44
(4.20) (4.14) (2.08) (.05)
4741 1.22 4.45 26.26 31.61 .10 51.11 4 .878 26.17
(3.90) (1.16) (1.02) (4.54) (2.58) (07)
Reading 511 148.56 47.57 — — 31.32 58.48 89 213.92 6 705 176.50
(17.05) (16.88) (2.13) (03)
117.77 22.12 9.93 21.29 18.99 —-.22 124.72 4 736 99.76
(7.61) (2.04) (.92) (2.37) (1.56) (.07)

Note: Standard errors are in parentheses. First to fourth period 62, are estimates of transitory variance. p;, p,, and p; are autoregressive parameter estimates.
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pected trajectories, the recovery process was slower
for girls than it was for boys.

The picture for mathematics scores was generally
similar to that of behavior-problem scores. The level-
and-slope models fit the data better than the level-only
models; boys had much greater variability in slopes
than girls; however, shocks had more persistent ef-
fects for girls than boys. Relative to behavior prob-
lems, the transitory component to math scores was
much less important than the permanent component
for both girls and boys.

The model did not fit the reading data as well as
the mathematics or behavior-problem data. The general
pattern of results was again similar, however: the level-
and-slope models fit the data better than the level-only
model; boys had much greater variability in slopes
than girls; however, shocks were more persistent for
girls than boys. In fact, for boys the estimate of p was
negative and significant, suggesting, somewhat im-
plausibly, that the recovery process overshot the long-
run trajectory within the 2-year period.

DISCUSSION

We have attempted to model achievement and behav-
ior dynamics using important national data and
growth models that highlighted the characteristics of
the transitory component to scores. We found a much
larger role for transitory variance in the case of problem-
behavior reports than either mathematics or reading
achievement, as well as a tendency for “shocks” to
math and reading scores to be more persistent for
girls than boys.

That the structure of the models differs between
boys and girls raises interesting questions. Explana-
tions for gender differences in achievement trajecto-
ries can be drawn from the developmental literature
on achievement motivation (Eccles, 1984; Eccles et al.,
1984; Eccles et al., 1990; Meece, Wigfield, & Eccles,
1990; Wigfield, Eccles, & Blumenfield, 1997). That
both boys and girls have differing levels of achieve-
ment is not surprising. More surprising is the fact that
boys and girls have differing amounts of variability in
their trajectories. Perceptions about the value of
achieving in math and reading domains might be
more strongly held by girls than by boys. This might
influence girls to be more systematic in their evalua-
tion of the value of their achievement goals. Prior re-
search has shown that girls weigh the subjective
value of an achievement activity more heavily than
do boys (Eccles, 1984). This may cause girls to be
more rigid in their perception of achievement success
and of the successful paths toward achievement
goals. Boys, on the other hand, are less affected by
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the subjective value of achievement tasks and may
be more disposed to follow a variety of achievement
paths. Consequently, boys may exhibit greater vari-
ability in the slopes of their achievement trajectories.

The other striking pattern that has emerged from
these analyses is that “shocks” to their expected
achievement trajectories appear more persistent for
girls than boys. Girls’ apparent lack of resilience
might be due, in part, to greater value placed on pre-
vailing gender stereotypes pertaining to achievement
measures. For example, achievement in math is usu-
ally higher among boys (Eccles et al., 1984; Meece,
Parsons, Kaczala, & Goff, 1982). It might be that math
learning produces anxiety among girls that converts
transitory shocks into more persistent deviations from
expected trajectories. Results from our analyses fit with
this explanation; girls appeared to have a more difficult
time than boys recovering from shocks to their ex-
pected trajectories of achievement in math. Girls, how-
ever, also had a difficult time recovering from shocks to
their trajectory of achievement in reading, which was
puzzling because reading is generally thought to be an
area in which girls traditionally do well.

A partial answer to this puzzle might be that girls
value competency more than boys in all areas of
achievement. Eccles’ (1984) model suggested that girls’
achievement decisions are more influenced by their
self-perceptions. This may help explain why girls
might have a more difficult time “getting back on
track” after they have experienced an otherwise tran-
sitory shock to their expected trajectories. Girls
might be more likely than boys to allow events in
their lives to affect how they evaluate their potential
for achieving in both math and reading. Given this,
girls would be more affected by shocks to their
achievement trajectories.

We also found that both girls and boys have con-
siderable variability in the level of behavior problems,
but only boys have considerable variability in the
slopes of their trajectories. As with the achievement
measures, girls are considerably less resilient to
shocks away from their natural trajectories. If a girl is
shocked away from her original pattern of behavior
such that she exhibits higher levels of behavior prob-
lems, she might attach more meaning to this trend
than would her male counterpart. This also is consis-
tent with concepts from the deviance literature that
indicate that there is a process by which children and
adolescents come to see themselves as trouble makers
(Becker, 1963; Lemert, 1967). This involves an initial
act of primary deviance that may or may not lead to
more deviant activities, or “secondary deviance,” that
would cause the child to view herself as a deviant
person. If a girl places more subjective value on her
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achievement and behavior decisions, then a shock
away from an otherwise low behavior problem trajec-
tory may be more likely to propel her down a path
characterized by higher behavior problems. In this
way, girls might be more likely to make the transition
from primary to secondary deviant activities, or in
this case increased behavior problems, because girls
are more likely to give more meaning to initial evi-
dence of problem behavior. In contrast, a boy might
not give as much thought to the meaning of an initial
shock away from low behavior problem profile. As a
result, he might be more likely to quickly return to his
original trajectory.

These, of course, are only possible explanations to
the pattern of results we observed in our analyses.
Our data included measures of neither perceived
competence in math and reading achievement nor the
value that boys and girls placed on high attainment in
achievement domains. Similarly, we were unable to
assess how exhibiting higher behavior problems af-
fect the children’s self-perceptions.

An important extension to these analyses is a sep-
arate consideration of negative and positive shocks to
children’s developmental trajectories. Our statistical
model treated the two kinds of shocks symmetrically.
In our discussion, we have emphasized processes as-
sociated with negative shocks. Processes associated
with the persistence of positive shocks could be quite
different. Further exploring this possibility is an im-
portant avenue for our future research.

Another extension is to identify what events or
changes might be producing shocks to children’s tra-
jectories. For example, it is useful to consider the role
of income events such as mothers beginning to re-
ceive welfare or experiencing a job loss, as well as
family events such as a divorce or separation. Before
introducing such covariates, however, it is important
to first establish a model of the general structure of
achievement and behavior in middle childhood. In
this regard, these analyses represent an important
first step.
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