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Achievement Growth in Children With Learning Difficultiesin
Mathematics: Findings of a Two-Year Longitudinal Study

Nancy C. Jordan, David Kaplan, and Laurie B. Hanich
University of Delaware

The reading and mathematics growth of 180 children was examined over 4 points, spanning 2nd and 3rd
grades. Initialy, 4 achievement groups were identified: difficulties in mathematics but not in reading
(MD only), difficulties in mathematics as well asin reading (MD-RD), difficultiesin reading but not in
mathematics (RD only), and normal achievement in mathematics and in reading. When 1Q, income,
ethnicity, and gender were held constant, the MD-only group grew at a faster rate in mathematics than
did the MD-RD group. In reading, the RD-only and MD—RD groups grew at about the same rate.
Reading abilities influence children’s growth in mathematics, but mathematics abilities do not influence

children’s growth in reading.

Increasingly, state and local agencies are using high-stakes
assessments to make important educational decisions. Although
there are serious consequences for children who fail them, federal
law, under the Individuals with Disabilities Education Act, re-
quires that children with learning disabilities be included in the
assessments. Typically high-stakes testing in mathematics begins
at the end of third grade. However, little is known about the early
achievement growth trgjectories of children who are behind in this
subject area. For example, are the growth rates for children who
show mathematics difficulties (MD) in early primary school dif-
ferent from those for children who show no difficulties? Do some
children with MD catch up in their achievement levelswhile others
stay behind? We addressed these issues in the present study by
examining children’s early achievement in mathematics longitudi-
nally. Children were individually assessed at four time points over
a 2-year period, spanning second and third grades. At the start of
the study, we identified two groups of children with MD, that is,
children with difficulties in mathematics but not in reading (MD
only) and children with difficulties in mathematics and difficulties
in reading (MD-RD). For contrast, we also identified two groups
of children without MD, namely children with difficulties in read-
ing but not in mathematics (RD only) and children with normal
achievement in mathematics and in reading (NA).

Although many studies define children with MD as a single
group of low achievers (e.g., Geary, 1990; Geary, Brown, &
Samaranayake, 1991; Ostad, 1997; Russell & Ginsburg, 1984),
young children with MD only show a different pattern of cognitive
deficits than do children with MD-RD. Recently, Hanich, Jordan,
Kaplan, and Dick (2001) found that second graders with MD,
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regardless of whether they were MD only or MD-RD, performed
worse than NA children in most areas of mathematical cognition.
However, children with MD only outperformed children with
MD-RD on orally presented arithmetic combinations (e.g., “How
much is 8 + 7”) and on story problems (e.g., “Jen had 7 pennies.
Then she gave some pennies to Joe. Now Jen has 2 pennies. How
many pennies did she give to Joe?’). The two MD groups did not
differ on tasks assessing approximate arithmetic or estimation
(eg., 50 — 9 = 11 or 40), place value, rapid fact retrieval,
calculation principles, and written computation with multidigits.
Children with MD only seem to have an advantage over children
with MD-RD on mathematical tasks that may be mediated by
language but not on ones that depend more on understanding of
numerical magnitudes, visuo-spatial processing, and automaticity.
Geary, Hamson, and Hoard (2000), Geary, Hoard, and Hamson
(2999), Jordan and Hanich (2000), and Jordan and Montani (1997)
report similar findings with subgroups of primary school children
with MD.

To date, few studies have examined mathematics difficulties
from a longitudinal developmental perspective. Most approaches
to studying children with MD assess outcomes at a single time
point (Jordan, Hanich, & Uberti, in press). However, measurement
with only one time point cannot determine a child's growth rate,
which is fundamental to understanding learning and learning dif-
ficulties (Francis, Shaywitz, Stuebing, Shaywitz, & Fletcher,
1994). Measurement of growth through longitudinal investigations
has been a primary interest in the study of reading difficulties (e.g.,
Blachman, 1994; Byrne, Freebody, & Gates, 1992; Francis, Shay-
witz, Stuebing, Shaywitz, & Fletcher, 1996). For example, growth
curve modeling has been used to examine whether children with
reading difficulties are characterized by developmental lags or by
cognitive deficits (S. E. Shaywitz, Shaywitz, Fletcher, & Escobar,
1990) and to examine reading skill development in children who
have received early interventions and later remediation (Foorman
et a., 1997). Much less work, however, has been done in mathe-
matics difficulties, although in afew studies these difficulties have
not been stable over time. For example, Silver, Pennett, Black,
Fair, and Balise (1999) found that a classification of isolated
arithmetic weaknesses is less stable over a year and a half period
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than is a classification of pervasive weaknesses in arithmetic,
reading, and spelling. Moreover, Geary (1990), Geary et al.
(1991), and Geary et a. (2000) identified a group of “variable’
children who showed mathematics difficulties on an achievement
test in first grade but not in second grade. Unlike children with
persistent MD, variable children do not show underlying deficitsin
numerical or arithmetical cognition. They appeared to have out-
grown their early developmenta delays or have been
misidentified.

In the present study, we built on previous research in mathe-
matics difficulties in several ways. First, we used educationally
relevant classifications of children (i.e.,, MD only vs. MD-RD).
Second, we measured children’s growth rates in reading and math-
ematics within a longitudinal framework. We began our study in
second grade because this is the earliest point at which mathemat-
ics difficulties can be reliably identified, at least with current
testing instruments (Geary et al., 1991). In addition to looking at
overal mathematics performance, our data allowed us to look at
performance in mathematics cal culation and applied problem solv-
ing separately. Likewise, in reading we examined overall reading
performance aswell as performance in word decoding and passage
comprehension. Our longitudina data were analyzed by means of
growth curve modeling, a procedure that has been used extensively
by researchers in numerous fields for the study of intraindividual
differencesin change (Bryk & Raudenbush, 1992; Rogosa, Brandt,
& Zimowski, 1982; Willett, 1988; Willett & Sayer, 1994). Third,
we balanced our subgroups as closely as possible with respect to
ethnicity, income level, and gender, allowing us to use these
variables as controls in the growth models.

We aso collected |Q data on all children (when they were in
third grade) to determine the effects of underlying cognitive abil-
ities on children’s growth. Finally, we recorded whether children
were receiving specialized interventions in reading and mathemat-
ics, whether children were retained at the end of second grade, and
what type of mathematics program children were taught with to
determine the impact of these factors on achievement growth.
Regarding the latter variable, participants in the study (across
achievement groups) were taught with one of two distinct ap-
proaches: a problem-centered mathematics approach, with little
emphasis on facts or algorithms, or a more traditional approach,
which provides more explicit instruction in mathematics skills.

We predicted that children with MD-RD would grow at a
slower rate than children with MD only in mathematics achieve-
ment because of their lack of compensatory strengths in reading.
We did not predict that children with MD-RD would grow more
slowly than children with RD only in reading achievement, par-
ticularly in word decoding, because “garden-variety” poor readers
develop in a fashion similar to children with specific reading
problems (e.g., Shaywitz, Escobar, Shaywitz, Fletcher, & Makuch,
1992). We also predicted that achievement growth rates would be
affected by income level and intellectual ability. That is, holding
achievement group constant, we expected low-income children
and children with lower intellectual functioning to grow at a
slower rate than middle-income children and children with higher
intellectual functioning. Finally, we predicted that instruction in
mathematics might have a differential effect on children’s growth,
according to their achievement group. That is, children with MD
might benefit from more explicit instruction in skills more than
children without MD.

Method

Participants

Participants were 180 second-grade children in northern Delaware: 46
children had difficulties in mathematics but not in reading (MD only), 42
children had difficulties in mathematics and in reading (MD-RD), 45
children had difficulties in reading but not in mathematics (RD only),
and 47 children had normal achievement in reading and in mathematics
(NA). Children were selected from a screening pool of over 600 children
in the fall of second grade. The screening procedures and original sample
have been described in detail elsewhere (Hanich et al., 2001). Participants
in the present study completed all phases of the 2-year longitudinal project.

Over 2 years, the total attrition rate was 30 (13%) out of atotal of 210
children. Broken down by achievement group, the attrition rate was 7
(11%) for the MD-only group, 10 (19%) for the MD-RD group; 5 (10%)
for the RD-only group; and 8 (14%) for the NA group. At the beginning of
second grade (Year 1), dl children came from six schools in the same
public school district. In third grade (Y ear 2), the majority of children were
still attending the original six schools. We were able to follow 13 children
who moved to three other schools in the district or to schools in three
neighboring districts. Thirty other children either moved too far away to be
followed or could not be located.

Participant screening took place in thefall of second grade (mid-October
to early November). Reading and mathematics achievement levels were
assessed with the Woodcock—Johnson Psycho-Educational Battery—Re-
vised, Form A (WJ; Woodcock & Johnson, 1990). The WJ is an individ-
ually administered diagnostic test battery with norms from kindergarten
through adulthood. It has been used extensively to identify learning prob-
lems, both clinically and for research (Francis et al., 1996). Children were
given the WJ Broad Reading composite test (where the internal consistency
reliability quotient is .98), which includes the Letter—Word |dentification
and Passage Comprehension subtests and the Broad Mathematics compos-
ite test (where the internal consistency reliability quotient is .94), which
includes the Calculation and Applied Problems subtests.

Children with Broad Mathematics composite scores at or below the 35th
percentile were classified as MD, and children with Broad Reading com-
posite or Letter—-Word Identification subtest scores at or below the 35th
percentile were classified as RD. Percentile scores were based on grade
level norms. Although the 35th percentile cutoff is somewhat higher than
is typically used in research of learning disabilities, it was necessary to
ensure an adequate sample size in each achievement subgroup (Geary et
al., 2000; Hanich et al., 2001). Because mathematics achievement tests are
based on many different types of items, the scores of children with MD
might mask more specific deficits. In other words, children with MD often
are average in some categories of items but have actual deficits in others
(Hanich et al., 2001). Thus on a broad-based achievement test, such as the
WJ, an achievement level at the 35th percentile may be associated with
more specific deficits.

Children in the MD-only and the RD-only groups had at least a 10-point
discrepancy between mathematics and reading achievement. The average
mathematics and reading discrepancy was 49 percentile points for the
MD-only group, 33 percentile points for the RD-only group, 4 percentile
points for the MD-RD group, and 3 percentile points for the NA group.
The mean reading and mathematics scores (for composites and the Letter—
Word ldentification subtest) by achievement group are presented in Ta-
ble 1. These scores represent baseline data for our longitudina study. The
gender, ethnicity, and income level of children within each achievement
group also are presented in Table 1. Children were considered to be low
income if they qualified for the subsidized lunch program in second grade.

Materials and Data Collection Procedure

Reading and mathematics achievement.  In addition to being given the
WJ Broad Reading and Broad Mathematics composite tests in the fall of
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Table 1
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Mean Achievement Scores and Descriptive Information About Participants, by Achievement Group

Percentile score

Reading L etter—Word Mathematics
composite® Identification® composite®
Achievement

group N Boys Girls Minority (%) Low SES (%) M D M D M D
MD only 46 21 25 61 46 7167 14.32 66.34 18.02 22.87 9.74
MD-RD 42 23 19 48 50 2491 13.43 21.01 1141 21.07 10.80
RD only 45 29 16 60 56 26.96 10.42 2324 9.65 60.42 16.03
NA 47 23 24 43 40 71.96 13.27 63.66 16.46 68.81 12.02

Note. Within each achievement group, children identified as ethnic minority were primarily African American (>80% for each achievement group).
MD = children with difficulties in mathematics but not in reading; MD-RD = children with difficulties in mathematics as well as in reading; RD =
children with difficulties in reading but not in mathematics; NA = children with normal achievement in mathematics and in reading; SES = socioeconomic

status.
2Woodcock—Johnson Psycho-Educational Battery—Revised, Form A.

second grade, as noted above, children took the WJ on three other occa-
sions: late April to early May of second grade (Form B); mid-October to
early November of third grade (Form A); and late April to early May of
third grade (Form B). Children were tested individually in their schools by
atrained experimenter. Each testing occasion spanned a 2- to 3-week time
period.

For the longitudinal analyses, the Rasch-scaled scores from the WJ were
used. The Rasch-scaled scores (referred to as W scores on the WJ) are the
transformation of the number correct for each subtest to provide a score
with equal interval properties and a constant metric. A score of 500
corresponds to the average performance at the beginning of fifth grade.
Because of their equal interval properties and constant metric, Rasch-
scaled scores are well suited for longitudinal studies of individual growth
(Bryk & Raudenbush, 1987; Francis et a., 1996).

Intellectual abilities. In January and February of third grade, children
were given the Wechsler Abbreviated Scale of Intelligence (WASI;
Wechsler, 1999). The mean WASI IQ score is 100 with a standard
deviation of 15 points. The internal consistency reliability quotients of the
WASI are .95 for 8-year-olds and .96 for 9-year-olds.

Other data. Throughout the study, we collected data regarding the
speciaized intervention programs children werereceiving in reading and in
mathematics (e.g., special education as well as other remedial assistance
outside of the normal curricula) and the type of mathematics instructional
program that was used in the classroom in second and third grade. The
problem-centered programs used by the district were Investigations in
Number, Data, and Space (1998) or Math Trailblazers (1997), and the
traditional program was Math (1998). We also kept track of children who
were retained at the end of second grade.

Data Analysis Procedure

Our main data analytic procedure was growth curve modeling. Growth
curve models can be viewed as falling within the class of multilevel linear
models (Bryk & Raudenbush, 1992), where Level 1 represents intraindi-
vidual differences in initial status and growth rate and Level 2 represents
interindividual differences in initial status and growth rate. In this article
we will first consider a simple growth model for the WJ W scores simply
as a function of time. We write the Level 1 equation expressing the WJ
scores over time within an individual as follows:

W3, = mmop + il + &ip,

@)

where WJ,, is the math or reading WJ score for student p a time i, g,
represents the initial status at time t = O (for our study this will be fall
semester of the grade), , represents the growth trajectory, and t; repre-

sents a temporal dimension that is assumed to be the same for al individ-
uals. In the case of our study, the temporal dimension is semester, with
students measured in the fall and spring of the second grade and fall and
spring of the third grade. Finally, &, is the disturbance term in the Level 1
equation representing the influence of omitted variables for student p at
time i. A more specific assumption regarding the errors is that they are
normally and independently distributed with a mean of zero and acommon
variance (Bryk & Raudenbush, 1992).

A major benefit of growth curve modeling is that it can be extended to
handle predictors of individual differences in the initial status and growth
rate parameters. In this case, two models are specified, one for the initial
status parameter and one for the growth rate parameter. Predictors of initial
status and growth rate are referred to as time-invariant predictors. In our
study, achievement group membership, gender (male = 1), ethnicity (mi-
nority = 1), income level (low income = 1), and 1Q will be used as
time-invariant predictors. It should be noted that 1Q was centered on the
sample mean.

In our study, the time-invariant predictors of major interest are group
membership and the remaining predictors. Because achievement group
membership is dummy coded with MD-RD serving as the reference group,
three dummy coded vectors are specified. Thus, the Level 2 model for the
initia status (IS) and growth rate (GR) can be written as follows:

ISy = s+ v1,1s(NA), + v, 15(RD only), + v3,1s(MD only),

+ 4 1s(male), + ys, is(minority), + ve is(income),
+ v2s(1Q)p + Lo (2)
and
GRp = per + v1,6r(NA), + v, r(RD only), + v3 gr(MD only),
+ 74, cr(male), + s cr(Minority),
(3)

where w5 and ugg are intercept parameters representing mean population
initial status and mean population growth rate for White female MD-RD
students with 1Q scores at the mean of the sample; the parameters vy,, v,,
and y; give the mean differences in initial status and growth rate between
the specific achievement groups and the MD—RD group holding constant
gender, ethnicity, income, and 1Q; the coefficient vy, gives the mean
difference between boys and girls on initial status and growth rate holding
constant achievement group membership, ethnicity, income, and 1Q; the
coefficient y5 gives the mean difference between minority and nonminority

+ 76, cr(income), + 7 or(1Q)p + {1
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students on initial status and growth rate holding constant achievement
group membership, gender, income, and 1Q; the coefficient yg gives the
mean difference between low-income and middle-income students on
initial status and growth rate holding constant achievement group mem-
bership, gender, ethnicity, and 1Q; and the coefficient vy, gives the effect of
1Q on initial status and growth rate holding constant achievement group
membership, gender, ethnicity, and income. The ¢s are disturbance terms
containing the effects of omitted variables in their respective equations.
The derivations of these parameters are discussed in detail elsewhere (e.g.,
Bryk & Raudenbush, 1992).

Research by Muthén (1991) and Willett and Sayer (1994) has shown
how the general growth model described in the previous section can also be
incorporated into a structural equation-modeling framework. For the pur-
poses of this study, growth curve modeling will be specified as a structural
equation model utilizing the software program AMOS (Arbuckle, 1999).

Results
Growth Curve Analyses

Growth curve analyses were performed on the WJ Broad Math-
ematics and Broad Reading composites as well as on the subtests
for each composite scale (Calculation, Applied Problems, Letter—
Word Identification, and Passage Comprehension). Analyses mod-
eled the effects of achievement group membership and time-
invariant predictors (i.e., gender, ethnicity, income, and 1Q) on
growth in mathematics and reading achievement. The format of the
growth curve modeling output follows that as shown in Table 2.
For each analysis, a baseline model was specified, which provides
an estimate of the intercept (achievement W scores as measured in
the fall of second grade) and slope (rate of growth over the four
time points of the study). Model 1 adds the effects of achievement
group membership to the baseline model. Model 2 adds the effects
of predictor variables to Model 1.

Mathematics Achievement

Broad Mathematics composite.  Table 2 presents the results of
the growth curve model for achievement on the Broad Mathemat-
ics composite of the WJ. The intercept and slope in mathematics
achievement for the total sample are depicted in the baseline model
(see Table 2). The average second-grade W score in Broad Math-
ematics was 460.89 and increased an average of 7.63 points over 2
years.

The results of adding achievement group membership to the
growth curve model are summarized in Model 1 (Table 2). For
Broad Mathematics and all subsequent models, the MD—RD group
is used as the reference group for achievement group comparisons,
and thus the average intercept and slope pertain to the MD-RD
group. The average second-grade W score in Broad Mathematics
for the MD-RD group was lower than that for the total sample
(451.66), and the slope was dightly higher (7.81). When examin-
ing achievement group differences, we found that the NA and
RD-only groups had significantly higher second-grade W scoresin
Broad Mathematics than the MD-RD group, whereas children
with MD only started at about the same achievement level as
children with MD-RD (see Model 1). Regarding growth rates, the
MD-only group grew significantly faster than the MD—RD group,
and the RD-only group grew significantly slower than the MD-RD
group. The average growth trajectories for the four achievement
groups on the WJ Broad Mathematics composite are depicted in

Table 2
Woodcock—Johnson Broad Mathematics Composite Growth
Curve Results

Maximum likelihood estimate

Effect Baseline model®  Model 1° Model 2°
Intercept 460.89* 451.66* 451.57*
Slope 7.63* 7.81* 8.55*
Variance (intercept)® 75.20* 22.15* 17.51*
Variance (slope) 2.60* 2.35¢ 1.86
r (intercept slope) —0.16 0.24 0.08
Intercept on NA 17.96* 15.73*
Slope on NA -0.51 —1.46*
Intercept on RD only 15.29* 14.43*
Slope on RD only —2.03* —2.29*
Intercept on MD only 211 1.16
Slope on MD only 2.17* 1.87*
Intercept on gender -0.56
Slope on gender 0.26
Intercept on ethnicity 115
Slope on ethnicity —0.08
Intercept on income 181
Slope on income —0.86*
Intercept on 1Q 0.20*
Slope on IQ 0.07*

Note. NA = children with normal achievement in mathematics and in
reading; RD only = children with difficulties in reading but not in math-
ematics, MD only = children with difficulties in mathematics but not in
reading; MD-RD only = children with difficulties in mathematics as well
as in reading.

2Baseline model: no achievement groups and no predictor variables.
PModel 1: achievement groups (MD-RD as reference group) and no
predictor variables. °Model 2: achievement groups and time-invariant
predictor variables (gender, ethnicity, Income Year 1, full scae
1Q). “The variance of the corresponding parameter.

*p < .05

Figure 1, with those results consistent with the results of the
growth model analyses.

The results with time-invariant predictors of gender, ethnicity,
income, and 1Q added to the model are in Model 2 (see Table 2).
Here, the intercept and slope pertain to White girls with average
IQs in the MD-RD group from middle-income families. The
average second-grade Broad Mathematics W score for this group
was 451.57 and the slope was 8.55. There was a significant effect
of 1Q on the intercept and a significant effect of 1Q and income on
the slope. Gender and ethnicity were not significant predictors of
the slope or intercept. Children with higher 1Qs had higher W
scores at the beginning of second grade and grew significantly
faster in mathematics achievement than children with lower 1Qs,
when the other predictors in the model were held constant. Low-
income children had a significantly slower growth rate than
middle-income children. When the other predictors were held
constant, children with MD only grew significantly faster than
children with MD—RD (see Model 2). Children in the NA and the
RD-only groups grew significantly slower than children in the
MD-RD group.

An interesting result was the change from Model 1 to Model 2
with respect to the difference between the MD-RD and NA
groups. Specifically, we found that the MD—RD versus NA com-
parison in Model 1 (-0.51) was nonsignificant, whereas the
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Figure 1. Growth trgjectories on the Woodcock—Johnson Psycho-
Educational Battery—Revised, Form A (WJ), Broad Mathematics com-
posite, by achievement group. Points represent the mean Broad Mathemat-
ics scores. W scores = Rasch-scaled scores from the WJ; RD only =
difficulties in reading but not in mathematics; MD only = difficulties in
mathematics but not in reading; MD-RD = difficulties in mathematics as
well as in reading; NA = normal achievement in mathematics and in
reading.

MD-RD versus NA comparison in Model 2 (-1.46) was signifi-
cant. To further examine differences between the difficulty groups
and the NA group, we conducted several supplementary analyses
in which the NA group was assigned as the reference group for
comparisons. This was done to isolate the effect of the combined
difficulties from that of math difficulties only. We reasoned that if
the NA versus MD-only comparison did not change much with the
addition of the time-invariant predictors (Model 1 vs. Model 2)
when compared with the NA versus MD-RD contrast, this would
be taken as evidence of the comorbidity of MD and RD. There was
adlight change in the regression weight for the difference between
the NA and MD-only group from Model 1 (2.67) to Model 2
(3.33). However, there was a substantial increase in the regression
weight for the difference between the NA and MD-RD compari-
son from Model 1 (0.51) to Model 2 (1.46). The significant
difference in growth rates between the NA and MD-RD groups
after adding gender, ethnicity, income, and IQ might be explained
as a “masking” effect of the omitted time-invariant predictors in
Model 1. That is, when these variables were not in the model
(Model 1), the reading disability of the MD-RD group was
masked. However, when these variables were added to the model,
such that the groups were held constant on these variables, the
“pure” effect of the reading disability emerged.

Calculation subtest. Results of a growth curve model for
achievement on the WJ Calculation subtest are contained in Ta-
ble 3. The average second-grade W score in Calculation was
452.62 and increased an average of 7.66 points over 2 years (see
baseline model, Table 2). Figure 2 displays the average growth
trajectories, by achievement group, on the WJ Calculation subtest.

When achievement group membership was added to the model,
the average W score in Calculation for the MD-RD group was

445.76 and the slope was 7.70 (Model 1, Table 3). The effect of
achievement group membership for Calculation was comparable
with that for Broad Mathematics. The NA and the RD-only groups
had significantly higher W scores than the MD-RD group,
whereas the MD-only group started at approximately the same
point. The MD-only group grew significantly faster than the
MD-RD group, and the MD-RD group grew significantly faster
than the RD-only group.

When the predictor variables were entered into the model, the
values of the slope and intercept did not change much (Model 2,
Table 3). The average W score for White girls with average IQsin
the MD-RD group from middle-income families was 445.63 and
the slope was 8.32. There was a significant effect of gender and
income on the intercept for Calculation, favoring girls and low-
income children when the other predictors were held constant.
There was a significant effect of 1Q on the slope for Calculation.
Children with higher 1Qs grew at a faster pace than children with
lower 1Qs. When the predictor variables were held constant, the
effects of achievement group revealed that the NA and RD-only
groups started significantly higher in Calculation than the MD-RD
group. The MD-only group grew significantly faster than the
MD-RD group, which in turn grew significantly faster than both
the NA and the RD-only groups.

As with the Broad Mathematics composite, we found a similar
change in the results of the MD—RD versus NA comparison when

Table 3
Woodcock—Johnson Mathematics Calculation Subtest Growth
Curve Results

Maximum likelihood estimate

Effect Baseline model® Model 1° Model 2°
Intercept 452.62* 445.76* 445.63*
Slope 7.66* 7.70* 8.32*
Variance (intercept)® 57.94* 21.50* 18.55*
Variance (slope) 3.10 2.38 151
r (intercept slope) -0.34 -0.03 -0.07
Intercept on NA 14.29* 13.54*
Slope on NA —0.65 —-1.83*
Intercept on RD only 12.41* 12.10*
Slope on RD only —2.08* —2.46*
Intercept on MD only 0.68 0.07
Slope on MD only 2.52* 2.14*
Intercept on gender —2.43*
Slope on gender 0.60
Intercept on ethnicity 133
Slope on ethnicity 0.23
Intercept on income 2.49*
Slope on income -1.10
Intercept on 1Q 0.08
Slope on 1Q 0.09*

Note. NA = children with normal achievement in mathematics and in
reading; RD only = children with difficulties in reading but not in math-
ematics; MD only = children with difficulties in mathematics but not in
reading; MD—RD only = children with difficulties in mathematics as well
as in reading.

@Baseline model: no achievement groups and no predictor variables.
b Model 1: achievement groups (MD-RD as reference group) and no
predictor variables. ©Model 2: achievement groups and time-invariant
predictor variables (gender, ethnicity, Income Year 1, full scale
1Q). 9 The variance of the corresponding parameter.

*p < .05
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Figure 2. Growth trgjectories on the Woodcock—Johnson Psycho-
Educational Battery—Revised, Form A (WJ), Calculation subtest, by
achievement group. Points represent the mean Calculation scores. W
scores = Rasch-scaled scores from the WJ; RD only = difficulties in
reading but not in mathematics; MD only = difficulties in mathematics but
not in reading; MD—RD = difficultiesin mathematics aswell asin reading;
NA = norma achievement in mathematics and in reading.

adding the time-invariant predictors. Again, we speculate that this
change was due to the masking effect previously discussed with
respect to the Broad Mathematics composite.

Applied Problems subtest. The results of a growth curve
model for achievement on the WJ Applied Problems subtest arein
Table 4. The average growth trajectories, by achievement group,
on Applied Problems are depicted in Figure 3. The average
second-grade W score for the intercept was higher for the Applied
Problems subtest than for the Calculation subtest (470.17 and
452.62, respectively; baseline model, Table 4).

The effects of adding achievement group membership are sum-
marized in Model 1 (Table 4). The average second-grade W score
for the MD-RD group was 459.16 and the slope was 7.32. The
pattern of achievement group effects in Model 1 for Applied
Problems was the same as that of the achievement group effectsin
Model 1 for Calculation. That is, the NA and RD-only groups had
significantly higher W scores than the MD—RD group, whereas the
MD-only group started at approximately the same achievement
level asthe MD-RD group. The MD-only group grew significantly
faster than the MD—RD group, which in turn grew significantly
faster than the RD-only group.

When predictor variables were entered into the model, there was
little change in the value of the intercept and slope. The initial W
score for MD-RD girls with average 1Qs from middle-income
families was 458.86 and the slope was 8.22 (Model 2, Table 4).
The effect of 1Q on the intercept was the only significant predictor
variable in the model. Unlike in Model 2 for Calculation, gender
and income level were not significant predictors of the intercept
for Applied Problems. When accounting for the effects of the
predictor variables, the same pattern of achievement group effects
for Model 1 held for Model 2.

Wedid not find a similar pattern on Applied Problems asthat on
Broad Mathematics and Calculation with regard to the difference
between the MD—RD and NA groups. For both Models 1 and 2,
there was not a significant difference between the growth rates of
the MD—RD and the NA groups on the Applied Problems subtest.

Summary. In al three areas (i.e., Broad Mathematics, Calcu-
lation, and Applied Problems), the NA and RD-only groups started
with significantly higher second-grade W scores than the MD-RD
group, whereas the MD-only group started at about the same
achievement level. When the time-invariant predictors of income,
gender, ethnicity, and 1Q were held constant, children in the
MD-RD group grew significantly faster than children in the NA
and RD-only groups with respect to Broad Mathematics and Cal-
culation, athough they did not catch up to these groups. The
MD-only group grew significantly faster than the MD—RD group
regardiess of the addition of the time-invariant predictors. On
Applied Problems, the MD—RD group grew significantly faster
than the RD-only group but not the NA group, and the MD-only
group grew significantly faster than the MD—RD group. |Q was a
significant predictor of initial achievement levels for Broad Math-
ematics and Applied Problems. In Calculation, gender and income
were significant predictors of initial achievement levels. IQ was a
significant predictor of growth in all areas of mathematics. Income
was a predictor of growth only for Broad Mathematics.

Table 4
Woodcock—Johnson Mathematics Applied Problems Subtest
Growth Curve Results

Maximum likelihood estimate

Effect Baseline model® Model 1° Model 2°
Intercept 470.17* 459.16* 458.86*
Slope 7.16* 7.32* 8.22*
Variance (intercept)® 97.13* 29.87* 18.51*
Variance (slope) 134 152 123
r (intercept slope) 0.13 0.61 0.59
Intercept on NA 20.67* 17.09*
Slope on NA -0.07 -0.76
Intercept on RD only 17.04* 15.60*
Slope on RD only —-1.71* —1.80*
Intercept on MD only 347 2.23
Slope on MD only 1.73* 1.55*
Intercept on gender 1.45
Slope on gender -0.11
Intercept on ethnicity 118
Slope on ethnicity -0.51
Intercept on income 123
Slope on income —0.65
Intercept on 1Q 0.32*
Slope on 1Q 0.05

Note. NA = children with normal achievement in mathematics and in
reading; RD only = children with difficulties in reading but not in math-
ematics; MD only = children with difficulties in mathematics but not in
reading; MD—RD only = children with difficulties in mathematics as well
as in reading.

@Baseline model: no achievement groups and no predictor variables.
b Model 1: achievement groups (MD-RD as reference group) and no
predictor variables. ©Model 2: achievement groups and time-invariant
predictor variables (gender, ethnicity, Income Year 1, full scale
1Q). 9 The variance of the corresponding parameter.

*p < .05
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Figure 3. Growth trgjectories on the Woodcock—Johnson Psycho-
Educational Battery—Revised, Form A (WJ), Applied Problems subtest,
by achievement group. Points represent the mean Applied Problems scores.
W scores = Rasch-scaled scores from the WJ; RD only = difficulties in
reading but not in mathematics; MD only = difficulties in mathematics but
not in reading; MD—RD = difficultiesin mathematics aswell asin reading;
NA = norma achievement in mathematics and in reading.

Reading Achievement

Broad Reading composite. The results of a growth curve
model for achievement on the Broad Reading composite of the WJ
are summarized in Table 5. The average second-grade W score in
reading achievement was 460.85 and increased an average of 8.24
points over 2 years (baseline model). The correlation of the initial
starting point and rate of change was statistically significant (r =
—0.73), meaning that higher second-grade W scores in Broad
Reading were associated with slower rates of growth.

The results when achievement group membership was added to
the model are in Model 1 (Table 5). The average second-grade W
score for the MD-RD group in reading achievement was 445.22
and the slope was 10.20. The correlation between the intercept and
slope was —0.37 and statistically significant. Regarding achieve-
ment group differences, the NA and MD-only groups had signif-
icantly higher W scores in Broad Reading than the MD—RD group.
The RD-only group started at approximately the same achievement
level asthe MD-RD group. The MD-RD group grew significantly
faster than the NA and the MD-only groups. The difference in the
rate of growth between the RD-only and the MD-RD groups was
not statistically significant for Broad Reading. The average growth
trajectories for the four achievement groups on the WJ Broad
Reading composite are in Figure 4.

The results of the model when gender, ethnicity, income, and 1Q
were added are in Model 2 (Table 5). The values of the intercept
and the slope and the correlation between the intercept and slope
were comparable with the values in the previous model. MD-RD
White girls with average | Qs from middle-income families had an
average second-grade W score of 447.85 and a slope of 9.98
(Model 2). The correlation between the intercept and slope was
statistically significant at —0.46. The only statistically significant

predictor variable in the model was the effect of 1Q on the
intercept. When the predictor variables in the model were held
constant, the NA and MD-only groups had higher W scores in
reading achievement than the MD-RD group. Children in the
MD-RD group grew significantly faster than children in the NA
and MD-only groups. The RD-only and MD-RD groups did not
differ significantly in their rate of growth.

Letter—Word Identification subtest. Results of a growth curve
model for achievement on the WJ Letter—Word Identification
subtest are in Table 6. The average second-grade W score was
455.20 and the slope was 8.71 (baseline, Table 5). The average
growth trgjectories, by achievement group, for Letter—Word |den-
tification are in Figure 5.

The results of the model after adding achievement group mem-
bership are in Model 1 (Table 6). The average second-grade W
score for the MD-RD group was 440.38 and the slope was 9.92.
When examining achievement-group differences, we obtained the
same pattern of results for Letter—Word | dentification as for Broad
Reading Model 1 (i.e., the NA and MD-only groups had signifi-
cantly higher W scores in Letter—Word ldentification than the
MD-RD group, whereas the RD-only group started at about the
same skill level). The MD-RD group grew significantly faster than
the NA and MD-only groups but not the RD-only group.

When the predictor variables were entered into the model
(Model 2, Table 6), the average second-grade W score in Letter—

Table 5
Woodcock—Johnson Broad Reading Composite Growth Curve
Results

Maximum likelihood estimate

Effect Baseline model® Model 1° Model 2°
Intercept 460.85* 445.22* 447.85*
Slope 8.24* 10.20* 9.98*
Variance (intercept)® 241.71* 78.09* 64.44*
Variance (slope) 4.68* 2.85* 2.73*
r (intercept slope) -0.73* -0.37* —0.46*
Intercept on NA 27.98* 23.51*
Slope on NA —2.89* -3.10*
Intercept on RD only 3.62 2.33
Slope on RD only -0.29 -041
Intercept on MD only 27.33* 25.42*
Slope on MD only —3.86* —3.86*
Intercept on gender —-1.43
Slope on gender 0.54
Intercept on ethnicity 2.17
Slope on ethnicity -0.20
Intercept on income —-1.97
Slope on income 0.27
Intercept on 1Q 0.36*
Slope on 1Q 0.02

Note. NA = children with normal achievement in mathematics and in
reading; RD only = children with difficulties in reading but not in math-
ematics; MD only = children with difficulties in mathematics but not in
reading; MD—RD only = children with difficulties in mathematics as well
as in reading.

@Baseline model: no achievement groups and no predictor variables.
b Model 1: achievement groups (MD-RD as reference group) and no
predictor variables. ©Model 2: achievement groups and time-invariant
predictor variables (gender, ethnicity, Income Year 1, full scale
1Q). 9 The variance of the corresponding parameter.

*p < .05
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Figure 4. Growth traectories on the Woodcock—Johnson Psycho-
Educational Battery—Revised, Form A (WJ), Broad Reading composite,
by achievement group. Points represent the mean Broad Reading scores. W
scores = Rasch-scaled scores from the WJ; RD only = difficulties in
reading but not in mathematics; MD only = difficultiesin mathematics but
not in reading; MD—RD = difficultiesin mathematics aswell asin reading;
NA = normal achievement in mathematics and in reading.

Word Identification for MD-RD White girls with average 1Qs
from middle-income families was 441.92 and the slope was 9.70.
1Q was the only significant predictor for the slope and intercept.
When the predictor variables were held constant, the effects of
achievement group revealed the same pattern of achievement
group differences asin Model 1. That is, children in the NA and
MD-only groups had higher W scores and grew slower in Letter—
Word Identification than children in the MD-RD group; children
in the RD-only group did not differ from children in the MD-RD
group in the slope or the intercept.

Passage Comprehension subtest. The results of a growth
curve model for achievement on the Passage Comprehension
subtest are in Table 7. The average second-grade W score was
higher for Passage Comprehension than for Letter—Word | dentifi-
cation (466.46 and 455.20, respectively; baseline model, Table 7).
Values of the slope were dlightly lower for Passage Comprehen-
sion than for Letter—Word Identification (7.97 vs. 8.71). The
correlation between the intercept and slope was —0.83 and was
statistically significant, suggesting that higher W scores were
associated with lower rates of growth. The average growth trajec-
tories, by achievement group, on Passage Comprehension are in
Figure 6.

The average second-grade W score for the MD—RD group in
Passage Comprehension was 450.73 and the slope was 10.62
(Moddl 1, Table 7). The correlation between the slope and inter-
cept remained significant (r = —0.60). The pattern of achievement
group differences was identical to those for Broad Reading and
Letter—Word ldentification. The NA and MD-only groups had
significantly higher W scores in Passage Comprehension than the
MD-RD group, whereas the RD-only group was at about the same
skill level. The NA and MD-only groups grew significantly slower
than the MD—RD group, but there was not a significant difference

in the rate of growth between the RD-only and the MD-RD
groups.

Results of the model that included predictors of Passage Com-
prehension are in Model 2 (Table 7). The initial average W score
for MD—RD White girls with average 1Qs from middle-income
families was 454.57 and the slope was 4.78. The correlation
between the intercept and slope was —0.65 and was statistically
significant. The effect of 1Q on the intercept was the only signif-
icant predictor in the model. When the predictors were held con-
stant, the NA and MD-only groups had significantly higher W
scores and grew at a slower pace than the MD-RD group. The
RD-only and MD-RD groups did not differ in beginning second-
grade achievement levels or in growth rates.

Summary.  In summary, the growth curve analyses for Broad
Reading, Letter—Word Identification, and Passage Comprehension
yielded similar results. Across all three measures, the NA and
MD-only groups started with significantly higher second-grade W
scores and grew significantly slower than the MD—RD group; the
MD-RD and RD-only groups did not differ in second-grade start-
ing pointsor in growth rate. 1Q was asignificant predictor of initial
achievement levels for al three reading achievement tests. |Q was
a significant predictor of growth rate for Letter—Word Identifica
tion but not for Broad Reading or Passage Comprehension.

Table 6
Woodcock—Johnson Reading Letter—Word Identification Subtest
Growth Curve Results

Maximum likelihood estimate

Effect Baseline model® Model 1° Model 2°
Intercept 455.20* 440.38* 441.92*
Slope 8.71* 9.92* 9.70*
Variance (intercept)® 240.33* 82.53* 76.22*
Variance (slope) 1.63 131 0.82
r (intercept slope) -0.43 0.11 —0.04
Intercept on NA 26.57* 23.66*
Slope on NA —151* —2.16*
Intercept on RD only 3.05 214
Slope on RD only -0.53 -0.84
Intercept on MD only 26.98* 25.67*
Slope on MD only —2.34* —2.54*
Intercept on gender -051
Slope on gender 0.62
Intercept on ethnicity 191
Slope on ethnicity 0.29
Intercept on income —-1.83
Slope on income 0.10
Intercept on 1Q 0.23*
Slope on 1Q 0.06*

Note. NA = children with normal achievement in mathematics and in
reading; RD only = children with difficulties in reading but not in math-
ematics; MD only = children with difficulties in mathematics but not in
reading; MD—RD only = children with difficulties in mathematics as well
as in reading.

@Baseline model: no achievement groups and no predictor variables.
b Model 1: achievement groups (MD-RD as reference group) and no
predictor variables. ©Model 2: achievement groups and time-invariant
predictor variables (gender, ethnicity, Income Year 1, full scae 1Q).
4 The variance of the corresponding parameter.

*p < .05
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Figure 5. Growth trgjectories on the Woodcock—Johnson Psycho-
Educational Battery—Revised, Form A (WJ), Letter—-Word Identification
subtest, by achievement group. Points represent the mean Letter—Word
Identification scores. W scores = Rasch-scaled scores from the WJ; RD
only = difficulties in reading but not in mathematics, MD only = diffi-
culties in mathematics but not in reading; MD-RD = difficulties in
mathematics as well as in reading; NA = normal achievement in mathe-
matics and in reading.

Analyses of Instructional Effects

Finaly, we examined several instructional variables that might
influence children’s growth, namely, whether children received
specialized intervention, whether children were retained in second
grade, and the nature of the mathematics curriculum children
received.

The percentages of children, by achievement group, who re-
ceived specidlized intervention in mathematics and reading in
second and third grades are in Table 8. Data are also included for
children who may have received specialized intervention in one
year but not in another year. Children received reading interven-
tion more often than mathematics intervention, regardless of their
achievement group. Reading intervention was even more common
than mathematics intervention among children with MD only (i.e.,
39% vs. 13%).

Concerning retention, none of the children in the NA or MD-
only groups were retained in second grade. However, 4 children
(10%) in the MD-RD group and 7 children (16%) in the RD-only
group were held back. The retention decisions seemed to be based
more on reading abilities than on mathematics abilities. Although
the children’s average level of reading and mathematics perfor-
mance was below that of the nonretained children in their achieve-
ment group at all four time points, the growth rates of the retained
and nonretained children were about the same, with the exception
of the RD-only children who appeared to grow more slowly in
mathematics achievement. Within the achievement group, the 1Q
scores for children who were retained were at about the same level
as those for children who were promoted.

Finally, we conducted an analysis of the effects of instructional
program (i.e., problem centered vs. traditiona) on children’s

achievement growth in mathematics. Because this variable was not
time invariant (i.e., some children received one type of instruction
in second grade and the other type in third grade), we analyzed the
data separately by grade. We conducted anayses of variance
(ANOVASs) with type of instruction and achievement group as
between-subjects factors and WJ Broad Mathematics W scores
(Time 1 in fal and Time 2 in spring) as a within-subject factor.
There were no main effects or interactions involving type of
instruction in second grade, but there was a significant Time X
Program interaction in third grade, F(3, 165) = 10.24, p < .002.
The mean WJ Broad Mathematics W scores for second and third
graders, by type of instruction and time of testing, are graphically
displayed in Figure 7. There was no effect of type of instruction on
math scores at Time 1, but there was a significant effect favoring
traditional instruction at Time 2 (p < .004). Children who received
traditional instruction made more progress in mathematics
achievement in third grade than did children who received
problem-centered instruction, regardless of achievement group.

Discussion

In second grade, we identified four groups of children with
different patterns of achievement (i.e., MD only, MD-RD, RD
only, and NA). We examined each group’s growth in reading and
in mathematics longitudinally over a 2-year period. The MD-only

Table 7
Woodcock—Johnson Reading Passage Comprehension Subtest
Growth Curve Results

Maximum likelihood estimate

Effect Baseline model® Model 1° Model 2°
Intercept 466.46* 450.73* 454.57*
Slope 7.97* 10.62* 10.34*
Variance (intercept)® 262.31* 93.39* 69.86*
Variance (slope) 10.29* A4.77* 4.78*
r (intercept slope) -0.83* —0.60* —0.65*
Intercept on NA 29.36* 23.28*
Slope on NA —4.43* —4.24*
Intercept on RD only 4.17 247
Slope on RD only -0.15 -0.10
Intercept on MD only 26.97* 24.40*
Slope on MD only —5.51* —5.34*
Intercept on gender —-2.29
Slope on gender 043
Intercept on ethnicity 2.56
Slope on ethnicity -0.57
Intercept on income —2.60
Slope on income 0.54
Intercept on 1Q 0.48*
Slope on 1Q -0.01

Note. NA = children with normal achievement in mathematics and in
reading; RD only = children with difficulties in reading but not in math-
ematics; MD only = children with difficulties in mathematics but not in
reading; MD—RD only = children with difficulties in mathematics as well
as in reading.

@Baseline model: no achievement groups and no predictor variables.
b Model 1: achievement groups (MD-RD as reference group) and no
predictor variables. ©Model 2: achievement groups and time-invariant
predictor variables (gender, ethnicity, Income Year 1, full scale
1Q). 9 The variance of the corresponding parameter.

*p < .05
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Figure 6. Growth trgjectories on the Woodcock—Johnson Psycho-
Educational Battery—Revised, Form A (WJ), Passage Comprehension
subtest, by achievement group. Points represent the mean Passage Com-
prehension scores. W scores = Rasch-scaled scores from the WJ; RD
only = difficulties in reading but not in mathematics, MD only = diffi-
culties in mathematics but not in reading; MD-RD = difficulties in
mathematics as well as in reading; NA = normal achievement in mathe-
matics and in reading.

group started at about the same mathematics level as the MD-RD
group, and the RD-only group started at about the same level asthe
NA group. Children with MD only grew at a faster rate than
children with MD—RD in mathematics (in Broad Mathematics as
well as in Calculation and Applied Problems on the WJ), even
when we accounted for IQ and income level. Reading abilities
influenced children’s growth in mathematics; we also observed
that children identified with RD only in the beginning of second
grade performed at about the same level in mathematics as chil-
dren with MD only and at a lower level than NA children by the
end of third grade. Thus it appears that children who start out with
specific reading difficulties are at risk for developing secondary or
associated mathematics difficulties as they progress through ele-
mentary school.

How do reading abilities influence children’s growth in math-
ematics? The mathematics tasks used in the present study were
given orally and did not require reading. However, reading com-
petencies themselves may reflect or even determine growth in
vocabulary and language comprehension (Stanovich, 1991). Chil-
dren who do not read well have less access to language, at least in
its written form. Some areas of mathematics, such as word prob-
lems and number combinations, may be mediated by language
(Hanich et a., 2001; Jordan, Levine, & Huttenlocher, 1995). For
example, verbal counting strategies help children get correct an-
swers on addition and subtraction combinations (Geary, 1994), and
an understanding of number words, relational words, and complex
syntactic structures facilitates word problem solving (Levine, Jor-
dan, & Huttenlocher, 1992). Certain arithmetic skills (e.g., fact
retrieval) probably are acquired in alanguage-specific format (e.g.,
Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999; Geary, 1993).
The findings of the present study complement previous work in

which second graders with MD only had a different profile than
children with MD—RD on cognitive variables related to mathemat-
ics competence. In particular, MD-only children performed better
than MD-RD children on mathematics tasks that have a basis in
language but not on those that rely on “purer” numerical under-
standing (e.g., numerical magnitudes). The extent to which chil-
dren can use verbal compensatory strategies to solve different
kinds of mathematics problems remains an open question.

In contrast, mathematics abilities do not seem to have a signif-
icant influence on reading growth. Children with RD only grew at
the same rate as children with MD-RD in reading, when 1Q and
income level were held constant. Moreover, reading difficulties
identified in second grade seemed to be remarkably stable through-
out the test period, regardless of whether they represented specific
(RD only) or garden-variety (MD-RD) problems. Our findings are
in line with other work (Fletcher et al., 1994). RD children with a
significant discrepancy between 1Q and reading achievement have
aprofile that is similar to RD children without such a discrepancy
on cognitive variables related to reading ability, especially with
respect to phonological awareness. Many children identified with
RD early on do not catch up in their reading skills (e.g., Shaywitz
et a., 1995).

The finding that children without MD grew more slowly than
children with MD is surprising yet interesting. We speculate that
although the WJ is normed through adulthood, the growth of
children without MD was limited by an “instructional ceiling.”
That is, higher level mathematics skills may not have been intro-
duced in the second- or third-grade curricula, causing the growth
of children with strong mathematics achievement to level off
somewhat at the end of each grade. We note that there was a
similar effect in reading (i.e., children without RD grew more
slowly than children with RD).

Among our predictor variables, gender and ethnicity did not
predict growth in mathematics or in reading. However, income
level predicted growth in mathematics (WJ Broad Mathematics)
but not in reading. Recall that special services were much more
likely to be provided in reading than in mathematics for the
children in our study sample. Reading intervention may have
leveled the playing field for children with RD, regardless of their
income status. 1Q, on the other hand, was a consistent predictor of
growth in mathematics (WJ Broad Mathematics and Calculation)

Table 8
Percentage of Children, by Achievement Group, Receiving
Specialized Intervention in Mathematics and Reading

Second or
Second grade Third grade third grade
Achievement
group Math Reading Math Reading Math Reading

MD only 4 30 11 28 13 39
MD-RD 33 90 33 76 40 95
RD only 31 87 11 67 36 93
NA 4 9 2 21 6 23

Note. MD only = children with difficulties in mathematics but not in
reading; MD-RD = children with difficulties in mathematics as well asin
reading; RD only = children with difficulties in reading but not in math-
ematics, NA = children with normal achievement in mathematics and in
reading.
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Figure 7. Growth trgectories on the Woodcock—Johnson Psycho-
Educational Battery—Revised, Form A (WJ), Broad Mathematics com-
posite for second-grade (top panel) and third-grade (bottom panel) stu-
dents, by type of instructional program. Points represent the mean Broad
Mathematics scores. W scores = Rasch-scaled scores from the WJ.

and in reading (WJ Letter—Word | dentification), with children with
higher 1Q scores growing faster than children with lower 1Q
scores. The effect of 1Q may be harder to reduce with specialized
intervention than the effect of income.

The use of two distinct mathematics approaches to teaching
mathematics (i.e., problem centered vs. traditional) in our sample
of schools gave us the opportunity to look at the effects of these
approaches on children with MD. However, we could not include
the instructional data in our growth models because the approach
with which children were taught varied between second and third
grades for some children. In supplementary ANOVAS, there was a
significant effect of instructional approach in third grade but not in
second grade, such that in third grade children taught with a
traditional approach made more progress than did children taught
with a problem-centered approach. This finding held for all

achievement groups: Children with MD did not respond differently
to instructional approaches than children without MD. Our finding
certainly deserves further attention, as the effects of instructional
programs may not be seen until later. Moreover, broad-based
achievement tests (such as the one used in the present study) might
not adequately assess the mathematics taught in problem-centered
approaches. Such tests may also fail to detect more subtle deficits
related to mathematical fluency (e.g., the ability to retrieve facts
and algorithms automatically).

The amount of verbal explanations or feedback provided by
teachers as well as the amount of reading and language required
during mathematics instruction also should be observed in subse-
quent investigations. Such information could help us understand
why children with MD only and MD-RD show differential
achievement growth patterns in mathematics. For example, math-
ematics instruction that has a strong basis in reading and language
may penalize children with MD-RD as well as children with RD
only (who appear to be at risk for growing into mathematics
difficulties as well). In contrast, language-based mathematics in-
struction may be beneficial to children with MD only, alowing
them to take advantage of their relative strengths in reading. Such
an approach may help children with specific MD to compensate
for and grow out of some of their difficulties.

In conclusion, although reading difficultiesin children are stable
over time, regardless of whether they are accompanied by math-
ematics difficulties, mathematics difficulties are not. Outcomes for
children with specific MD are better than those for children with
comorbid MD and RD. In future longitudinal research, we should
examine children’s growth trajectories in later elementary school
as well as the growth patterns of children prior to second grade.
The latter analyses may help usidentify precursors of mathematics
difficulties in children.
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