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This study examines the corpus callosum in 68 readers nested in 24 families. Callosa were measured and
controlled for whole brain volume, intelligence, and gender. The relation of corpus callosum size to the
within-family variance of oral reading was investigated with various measurements: volume, midsagittal
area, and anterior-to-posterior one-fifth area segmentations. Because this is the first known publication of
MRI calculations of corpus callosum volume, some basic questions about bilateral symmetry and the
efficacy of area versus volumetric measurements were explored. Results suggest that better readers within
families have larger midsagittal areas at the midbody. Although reliably measured, volume did not
contribute to oral reading but was highly correlated with area. Bilateral volumes of the corpus callosum
were symmetric.
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Reading disorder (RD) is the most prevalent of all of learning
disabilities. Estimates of incidence of children with RD vary from
5–10% (Shaywitz, 1998) to as high as 17.5% (Breier et al., 2003)
of the general population. It is the diagnosis for 80% of children
identified as learning disabled. Severe RD, also called dyslexia, is
now known to be familial and heritable, and the result of neuro-
biological differences in the brain.

Current theories on the development of RD emphasize problems
in phonological processing, rapid naming, magnocellular deficits
in the primary visual cortex (Jenner, Rosen, & Galaburda, 1999),
interhemispheric transfer of information (Snowling, 2000), inter-
hemispheric coordination and timing (Kinsbourne, 2003), and the
development of unusual right-hemisphere reading areas not found
in individuals with normal reading development (Shaywitz et al.,
1998). Differences in bilateral structures such as the planum tem-
porale have also been found (Duara et al., 1991; Hynd, Semrud-
Clikeman, Lorys, Novey, & Eliopulos, 1990; Rumsey et al., 1986).
In addition, six studies on the size of the corpus callosum and
reading have been published.

Of the studies conducted on the size of the corpus callosum in
relation to dyslexia, three found areas of the corpus callosum to be
greater than that of controls, although the studies do not agree on
which portions of the callosum were larger. Duara et al. (1991)
found a larger splenium in participants with dyslexia and in fe-
males, although gender was not controlled for in the area-by-
diagnosis estimate. Participants with attention deficit hyperactivity
disorder (ADHD) were included in Duara et al.’s study, but ADHD
was not controlled for though differences in the corpus callosum of
this group have been found (Hynd et al., 1991). Rumsey et al.
(1996) removed participants with ADHD from their study and
found the splenium and the isthmus together to be larger at p �
.02, with whole corpus callosum area covaried and participants
well matched for socioeconomic status, handedness, and IQ. Ro-
bichon and Habib (1998) also found larger callosum area in
dyslexics, in the isthmus and total midsagittal area but not in the
splenium. In this study of male participants only, there was no
correction for whole brain size and no covariates for handedness
and IQ.

Hynd et al. (1995) found that children with dyslexia had smaller
areas in the genu and no differences in the splenium or other areas
compared to controls. In that study of 32 children, there was more
than a one standard deviation difference in the group means for IQ;
however, whole-brain volume was not controlled, and children
with ADHD as well as those with developmental language disor-
der (DLD) were included. Two studies found no differences in the
size of the corpus callosum of dyslexic and normally developed
readers (Larsen, Hoeien, & Oedegaard, 1992; Njiokiktjien, de
Sonneville, & Vaal, 1994), but neither study covaried handedness
or gender.

Past studies offer few substantive results regarding differences
in corpus callosum morphology between dyslexic and normally
developed readers. Small sample size and poor covariate control
contribute to the disagreement among studies. Moreover, widely
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varying criteria for the identification of the RD groups were used,
ranging from familial history of RD (e.g., Njiokiktjien, de Sonne-
ville, & Vaal, 1994) to specific deficiencies in reading and spelling
(e.g., Rumsey et al., 1996). In his review of studies on corpus
callosum morphology in dyslexics, Beaton (1997) lamented, “there
is a need for a large-scale, well-controlled study in which dyslexic
subjects can be considered to comprise a reasonably homogenous
group with regard to the nature of the underlying deficit” (Beaton,
1997, p. 303).

Study Questions

Although RD tends to run in families, the nature of the disorder
is rarely studied under familial conditions. The current study
examines the variance of the corpus callosum within families. In
other words, how do the corpus callosa of reading disabled mem-
bers of a family compare with those of better readers in the family?
The corpus callosum is known to vary widely across individuals
(Beaton, 2004) and is also known to be variable in response to
environmental conditions (Castro-Caldas et al., 1999; Kopcik,
Juraska, & Washburne, 1986; Schlaug, Jäncke, Huang, Staiger, &
Steinmetz, 1995; Strauss & Wada, 1993). Its size is also known to
be highly heritable (Scamvougeras, Kigar, Jones, Weinberger, &
Witelson, 2003). Thus, in families we might expect to reduce
variability between participants, better revealing differences in the
morphology of the corpus callosum related to reading ability.

Previous studies have analyzed the corpus callosum midsagittal
area. This study also analyzed the volume of the corpus callosum,
raising some basic questions. Is volume a better measurement? Are
the bilateral volumes symmetrical? And finally, is area at the
midsagittal slice a good estimate of volume? Similar to other
studies, this study also examines anterior-to-posterior segments of
the corpus callosum area at the midsagittal slice. Like other re-
searchers, we are interested in where differences in corpus callo-
sum size can be found in relation to reading ability, but with
gender, IQ, and whole-brain volume controlled.

Method

Participants

All families with a known history of ADHD were excluded from
the study, as were participants with Full Scale IQs of less than 85
on the Wechsler Abbreviated Scale of Intelligence (WASI; Psy-
chological Corporation, 1999) and those with other neurological
disorders. Sixty-eight participants nested in 24 families were in-
cluded in the final sample. Of these, there were 24 children (15
male and 9 female) and 44 adults (20 male and 24 female). Six
participants (2 children and 4 adults) were African American. The
children’s ages ranged from 6 to nearly 17 years old, with the mean
age at 10.4 years (SD � 2.04). The mean age of the adults was 40.1
years and ranged from 31 to 49 years (SD � 4.22).

The presence of an RD was determined at the time of data
collection according to the criteria used by the state of Georgia for
a learning disability in reading. Participants given an RD diagnosis
had a minimum 20-point standard score discrepancy between
intelligence and achievement score, with intelligence greater than
reading achievement, as determined by the WASI full-scale IQ
score and academic achievement in reading. Reading was assessed
with the Passage score obtained from the Gray Oral Reading

Test—Third Edition (GORT–3: Wiederholt & Bryant, 1992).
Some of the participants with RD, particularly the adults in the
study, were at least partially compensated readers. It has been
suggested that compensated readers with RD use memory to
support their acquisition of large sight-word lexicons (Snowling,
2000); thus, single-word reading accuracy would not be the best
measure of their degree of disability. See Table 1 for means and
standard deviations of WASI and GORT-3 scores by group.

Procedures

The GORT-3 assesses both rate and accuracy in paragraph
reading, and these two variables were used as dependent measures
of reading skill in this study. The single score for Passage is a
combined variable for GORT-3 rate and accuracy, also used in the
study. Gender was included as a control variable, but lateral
dominance was not used because of insufficient data collection.
Table 2 shows the standard deviations and t values for tests of
significant differences between RD and able readers. No signifi-
cant differences in WASI IQ scores were found between RD and
able readers. Significant differences in GORT–3 reading scores
were found between children who are able and RD readers. Adult
compensated RD readers had GORT–3 scores that were not sig-
nificantly different from the scores of able readers.

Acquisition and preliminary assembling of the MRI data to
assess corpus callosum size were conducted at the University of
Georgia at the direction of George Hynd. Three-dimensional MRI
images of the brain were obtained with a 1.5 Tesla GE Signa
scanner (TE [echo time] � min full; flip angle � 30; field of
view � 24; frequency and phase � 256; frequency direction � S/I
[superior/inferior]). Gapless slices 1.5 mm thick were collected in
the sagittal plane.

Variables and Analyses

Obtaining measurement variables. The software program
Analysis of Functional NeuroImages (AFNI; Cox, 1996) was used
to align the MRI images, to obtain uniform density, to identify the
limits of the corpus callosum, and to calculate whole-brain vol-
ume. A five-step protocol was used to identify voxels within the
corpus callosum, which was defined as the higher density band of

Table 1
Mean Scores (and Standard Deviations) for IQ and Oral
Reading Among Groups

Group (n)

WASI
Full-scale IQ

M (SD)

GORT-3
Passage
M (SD)

Children
Able (12) 100.08 (9.8) 94.17 (13.0)
RD (12) 109.67 (16.6) 75.00 (10.0)

Adults
Able (32) 110.97 (10.8) 114.69 (13.1)
RD � comp (9) 108.33 (13.2) 110.63 (11.6)
RD (3) 101.67 (6.0) 68.33 (5.8)

Note. WASI � Wechsler Abbreviated Scale of Intelligence; GORT-3 �
Gray Oral Reading Test-Third Edition; RD � reading disorder; comp �
compensated.
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fibers directly above the lateral ventricle and thalamus and below
the cingulate gyrus in all sagittal planes. Measurement reliability
estimates were obtained based on the re-measurement of 15 ran-
domly selected scans. A correlation of .935 was found for corpus
callosum volume and .947 for corpus callosum area.

Controlling for brain size. To control for age and whole-brain
size, the residuals of a regression of raw corpus callosum volume
on age and whole-brain volume were obtained. Regressions con-
ducted separately on child and adult groups indicated that age
drops out as a significant contributor to corpus callosum volume
when the effect of whole-brain volume is controlled (� � .268,
b � 21.163, p � .058). These results suggest that the develop-
mental effect of corpus callosum growth is largely subsumed by
overall brain growth. For subsequent analyses, regression residuals
were used as the measure of corpus callosum size with the effect
of whole-brain volume removed, essentially controlling for brain
size. These measurements are referred to as “adjusted” (i.e., “ad-
justed corpus callosum area”). All corpus callosum measurements
(volume and area) referred to in this study were adjusted in this
manner.

Anterior–posterior segmentation. Segmentation of the corpus
callosum midsagittal slice into five equal areas was accomplished
digitally with XYZ coordinates from AFNI brought into SPSS.
When the anterior–posterior lengths were not evenly divisible by
five, 100 segmentation iterations with random placement of re-
mainders were performed, and the average calculated for each
segment was used in subsequent analyses. Segments were adjusted
for whole brain size.

Nonindependent sample. Intraclass correlations indicated that
a portion of variance in IQ, reading, and whole-brain volume were
attributable to family membership. A small intraclass correlation
was found for corpus callosum volume, but no correlation was
obtained once the corpus callosum was controlled for whole brain
volume. Because of family membership effects, it was deemed
appropriate to center the data on family means, yielding analyses
of within-family variance rather than between-subjects variance.
Table 3 shows the estimates of the intraclass correlations, with
brain measurements in voxels. Note that even small intraclass
correlations on the order of .10 can increase Type I error (Stevens,
2002).

Analyses. All corpus callosum variables were adjusted for
whole-brain volume and centered on the family mean. IQ and
GORT–3 scores were also centered. To examine the effects of
corpus callosum size on oral reading, GORT–3 scores were re-
gressed on IQ, gender, and corpus callosum measurements.
Change in R2 when corpus callosum measurements were added to
the regression model was used as an estimate of effect size. An
analysis testing the bilateral symmetry of corpus callosum volumes
in individuals was performed on uncentered, raw volumes with a
one-way repeated measure analysis of covariance (ANCOVA).
Left and right volumes were the repeated measures, with uncen-
tered IQ and age, gender, and diagnosis included as covariates.
Finally, a Pearson correlation was used to estimate the correlation
between raw area and volume measurements. The reliability esti-
mates obtained for the study corpus callosum measurements were
used to adjust for attenuation of correlation.

Results

Corpus Callosum Volume

The relation of corpus callosum volume to oral reading was
analyzed first. Regression results indicate that, taken together and
for this sample, IQ, gender, and total corpus callosum volume
adjusted for brain volume accounted for 23 percent of the within-
family variance in reading achievement, R2 � .23, F(3, 40) � 6.378,
p � .001. Table 4 shows the regression weights for the variables.
Intelligence scores appear to have the strongest influence on reading
achievement (� � .319). The unstandardized coefficients show
that a one standard scale point increase in IQ score was associated
with a .617 point increase in GORT–3 Passage scores. There was
a small gender effect, with female participants scoring 7 points
higher on reading, on average, than male participants (female

Table 2
Comparison of Scores Among Groups

Group

WASI full-scale
IQ

GORT-3
passage

t p t p

Children
Able vs. RD �1.72 .099 4.06 .001
Adults
Able vs. RD � comp 1.15 .258 2.58 .021
Able vs. comp 0.62 .540 1.37 .180
RD vs. comp �1.19 .268 �7.78 .001

Note. WASI � Wechsler Abbreviated Scale of Intelligence; GORT-3 �
Gray Oral Reading Test—Third Edition; RD � reading disorder; comp �
compensated.

Table 3
Intraclass Correlations for Continuous Variables in the Study

Variable (n. � 2.83)
Mean square,

between
Mean square,

within
Intraclass
correlation

WASI full-scale IQ 275.62 90.47 .42
GORT-3 passage 557.21 338.45 .19
Whole-brain volume 23,752,958,218.90 1,739,138,5831.40 .11
Raw CC volume 4,032,588.62 3,763,207.98 .03
Adjusted CC volume 2,019,418.77 2,648,652.64 �.09
Adjusted CC area 7,667.69 11,073.82 �.12

Note. WASI � Wechsler Abbreviated Scale of Intelligence; GORT-3 � Gray Oral Reading Test—Third
Edition; CC � Corpus Callosum.
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participants were coded 0 and male participants were coded 1). In
contrast, corpus callosum volume did not contribute significantly
in explaining within-family variability of oral reading scores; the
change in R2 was nonsignificant when corpus callosum volume
was added to the regression model, �R2 � .016, F(2, 39) � 1.325,
p � .254.

Corpus Callosum Area and Segmentation

No relation between corpus callosum volume and oral reading
was found, but corpus callosum area did have a statistically sig-
nificant relation to reading in this sample. A regression of
GORT–3 Passage scores on adjusted area at the midsagittal slice
(with gender and IQ controlled) yielded statistically significant
results, suggesting that taken together, the three independent vari-
ables accounted for about 27% of the within-family variance in
reading achievement, R2 � .267, F(3, 40) � 7.57, p � .001. With
gender and IQ controlled, the adjusted area of the corpus callosum
at the midsagittal slice appeared to contribute moderately to read-
ing scores. The change in R2 was significant, with adjusted corpus
callosum area added to the model, �R2 � .052, F(2, 39) � 4.574,
p � .05. A one-voxel increase in corpus callosum area is associ-
ated with a .043 increase in GORT–3 Passage standard scores (b �
.043, � � .243).

With area found to significantly contribute to within-family
variance of GORT–3 Passage performance, considering the ques-
tion of whether one particular portion of the area is relatively more
important seemed a natural next step. Measurements for the five
anterior-to-posterior segments of corpus callosum area adjusted for
whole-brain volume were analyzed. See Figure 1 for a diagram of
segmentation locations.

A regression with all five adjusted segments was performed to
examine the relative association of each corpus callosum segment,
with gender and IQ controlled. Multicollinearity was not excessive
(variance inflation factor � 5). Results suggested a moderate to
large contribution of Segment 3 (b � .665, � � .596). See Table
5 for segment coefficients. When Segment 3 was added to a model
with all other segments, gender, and IQ, the change in R2 was
statistically significant, �R2 � .082, F(6, 35) � 7.683, p � .01.

The GORT–3 Passage score is composed of scores for both
reading rate and reading accuracy. To determine whether fluency
or accuracy was more important in the relation between Segment 3
and oral reading, we performed separate regressions for GORT–3
Rate and Accuracy scores. Statistically significant results were

obtained for both accuracy (b � .571, � � .500, p � .05) and rate
(b � .785, � � .704, p � .01), indicating that adjusted Segment 3
has a unique contribution to both aspects of reading apart from the
rest of the corpus callosum. No other segments within the simul-
taneous regression contributed significantly to the within-family
variance of accuracy or rate of reading.

Because the values for the Segment 3 contributions to GORT–3
Rate and Accuracy scores were obtained with two separate regres-
sions, their relative importance is not directly comparable. To
determine the relative importance of Segment 3 to rate and accu-
racy, we conducted a path analysis. The just-identified base model
with standardized results is shown in Figure 2. The exogenous
variables were allowed to correlate because they were correlated in
the original regressions. The disturbances (d1, d2) for GORT–3
Rate and GORT–3 Accuracy scores were also correlated because
it is likely that they share some variance not related to the model
variables. To test for the relative importance of Segment 3 to Rate
and Accuracy scores, the two paths from adjusted Segment 3 area
to Rate and Accuracy scores were constrained to be equal in a
second model. The change in chi-square relative to the change in
degrees of freedom suggests no significant degradation of model
fit, ��2 � 1.285, �df � 1, p � .257. Segment 3 appears to have
similar effects on GORT–3 Accuracy and GORT–3 Reading
scores.

Left–Right Volume Comparison

The analyses of hemispheric differences in corpus callosum
volume were studied as within individual differences, not within-
family differences. Right- and left-side corpus callosum volumes
were used as repeated measures in a one-way ANCOVA with full-
scale IQ, gender, age, and diagnosis as covariates. The results of
the test are shown in Table 6. They indicate that there are no
significant differences in left and right corpus callosum volumes
due to reading diagnosis, with full-scale IQ, gender, and age
controlled.

Midsagittal Slice and Corpus Callosum Volume

A Pearson correlation adjusted for attenuation with the reliabil-
ity estimates calculated for the corpus callosum volume and area
measurements was used to test the correlation between the raw
(unadjusted) voxel counts for area in the midsagittal slice and total
corpus callosum volume. The correlation was found to be .878,
with a two-tailed significance of p � .01. Volume and area

Figure 1. Segmentation of the midsagittal slice. x-min � most anterior
point; x-max � most posterior point.

Table 4
Results of the Regression of GORT-3 Passage Scores on
Adjusted Corpus Callosum Volume, With IQ and Gender
Controlled

Variable

Unstandardized
coefficient

(b)

Standardized
coefficient

(�)
Significance

( p)
Effect size

(�R2)

Full-scale IQ 0.617 .319 .008
Gender �7.062 �.239 .040
CC volume 0.001 .130 .257 .016

Note. GORT-3 � Gray Oral Reading Test—Third Edition; CC � Corpus
Callosum.
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measurements for this study are not entirely in accordance, but the
correlation is high and statistically significant.

Discussion

Why Area and Not Volume?

Oral reading was not detectably variable in relation to corpus
callosum volume within families in this study. However, corpus
callosum area was found to contribute to the variance in oral
reading such that better readers had larger corpus callosum areas.
Both volume and area were measured with similar reliability. It
may be that error accumulated in the volumetric measurements
obscured a relatively small effect. Volumetric analysis includes the
measurement of up to 20 sagittal slices, but area measurements are
accomplished on a single midsagittal slice. Further, our measure-
ments were anchored by the lateral limits of the ventricles, which
vary widely in individuals. Although our measurements were
reliable within individuals, error between persons was likely “re-
liably” measured, but constituted error nonetheless. Given the
fairly high correlation between area and volume, the study results
suggest that area may be a better unit of measurement for future
studies.

Segment 3 and Oral Reading

Of the five segments of the corpus callosum area, it was the
midbody segment that was most related to reading in the sample;
it was larger in better readers. This finding was initially paradox-

ical, as the perisylvian regions found to be involved in reading
from a functional (fMRI) perspective (Shaywitz, 1998) are served
by the posterior region of the corpus callosum, and it was here that
results were expected. The midbody of the corpus callosum serves
the motor functions of the brain including the oral-motor functions
needed for word formation and the integration of primary and
secondary sensory functioning (Aboitiz, Scheibel, Fisher, &
Zaidal, 1992),

One possible explanation of midbody result is that we are
observing a downstream effect of poor early auditory temporal
functioning. Lower level auditory sensory systems relying on
temporal processing rates have been implicated in dyslexia such
that longer times are required to discriminate sounds. Leppänen et
al. (2002) found that by 6 months of age, infants with a high
familial risk for dyslexia appear to process the duration of sound
differently than infants not at risk. The authors conclude that,
“those who go on to become dyslexic may have a deficit related to
timing and perception of temporal cues in speech” (p. 419), which
in turn might underlie deficits in phonological processing. Seg-
ment 3, at the midbody of the corpus callosum, is presumed to be
involved in the integration of primary sensory with higher level
processing of auditory stimuli (Aboitiz et al., 1992), making it a
likely place for differences to occur in people with severe RD.

Alternatively, or in addition, a larger midbody of the corpus
callosum may reflect the specific nature of the measurement task:
oral reading. Participants were asked to read aloud, requiring
recruitment of both word formation and the physical reproduction
of those sounds. The oral reading measurement task was composed

Table 5
Results of One Simultaneous Regression of GORT-3 Passage Scores on All Five Adjusted
Segments of the Corpus Callosum, With Gender and IQ controlled

Segment

Unstandardized
coefficient

(b)
Standard

error

Standardized
coefficient

(�)
Significance

( p)
Effect size

(�R2)

1 �.014 .096 �.025 .881 .001
2 .003 .202 .003 .987 .001
3 .665 .240 .596 .009 .082
4 �.205 .150 �.219 .180 .020
5 �.039 .104 �.074 .711 .001

Note. GORT-3 � Gray Oral Reading Test—Third Edition.

Figure 2. Path analysis model showing standardized results for the effect of adjusted Segment 3 on Rate and
Accuracy scores on the Gray Oral Reading Test—Third Edition (GORT). FSIQ � full-scale IQ.
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of both rate and accuracy measurements. However, Segment 3, at
the midbody of the corpus callosum, appears to be similarly
involved in both the rate and accuracy of reading in this study.

There is a body of research suggesting general temporal and
motoric deficits in people with RD. A number of studies have
found deficits in participants with dyslexia relative to normal
readers in temporal order on matching for both visual, auditory,
and cross-modal tasks (Lassonen, Tomma-Halme, Lahti-Nuuttila,
Service, & Virsu, 2000; Rose, Feldman, Jankowski, & Futerweit,
1999). Poorer adult readers have been found to perform more
slowly on visual temporal ordering tasks (Hari, Renvall, & Tans-
kanen, 2001; May, Williams, & Dunlap, 1988). Similarly, auditory
deficits in temporal processing of speech perception in children
have been found as well as motor deficits (Beaton, 2004). Al-
though sensory–motor and auditory deficits have been recognized
as often co-occurring in people with RD, there is some disagree-
ment about the importance of these deficits as a central feature of
dysfunctional reading (Ramus et al., 2003). It is possible that the
findings of this study represent characteristics common to those
with sensory–motor and auditory problems in addition to a core
phonological deficit.

Limitations

This study examined within-family differences, an approach that
seems appropriate for a disorder known to be genetically inherited.
The sample was limited by the very small number of adults with
RD and by insufficient data on the amount of remediation received
by participants with RD. Although parents share genes with their
children, they do not share genes with each other, nor would they
necessarily have shared similar family environments as children. A
study involving only siblings might provide a more pure sample
for controlling genetic and environmental differences; this study
sample was too small to allow for this, and many families in the
study included only one child. Still, it is important to note that
bivariate correlations yielded stronger results once the data were
centered about the family mean, indicating that using within-
family variance may allow us to see relationships that are normally
masked by variability among unrelated participants.

A major limitation of this study is that without concurrent
functional data, we cannot associate brain structure with brain
activity. The finding of a larger midbody of the corpus callosum in

better oral readers within families could represent an effect having
to do with something not directly related to reading or marginally
related, such as the physical vocalization of sounds. Alternatively,
the finding could represent an overarching effect such as faster
cognitive processing in general. By closely coupling structural and
brain activation data, say, during a reading activity, researchers can
obtain better information regarding the neural substrates of reading.

Conclusions

The corpus callosum was found to have a moderate effect on
reading in this study sample. Some variance, whether direct or the
result of some broader function, exists such that better readers have
larger areas of the corpus callosum at the midsagittal slice and
specifically at the midbody. Left and right corpus callosum vol-
umes are symmetrical and do not vary with RD diagnosis. Whether
volume is required to study the corpus callosum is questionable.
Our measurements were reliable for volume for remeasure of
individuals, but individual variation in ventricle size may have
introduced too much error.

Many of the childhood syndromes we study seem to have some
degree of heritability, yet we rarely study them within families.
This study demonstrates the utility of comparing family members
for differences along a dimension of interest. The corpus callosum
has very high variability among individuals, but when compared
among family members in combination with behavioral data, re-
sults emerged. Studying families seems to be a rich approach
affording natural controls for differences in environment that occur
when comparing groups of unrelated individuals. We recommend
this method for future research.
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