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Initial observations linking variation in the human corpus callosum eCC) to handedness and sex have 
inspired a number of investigations of individual differences in CC size and morphology. In this quan
titative review, we summarize the findings from these studies and assess the magnitude of sex, age, and 
handedness-related variations in the size of the CC. Meta-analysis of the 43 studies indicated that al
though absolute CC and splenial area are larger in men than in women, CC area adjusted for brain size 
was larger in women. Left-handers possess slightly larger CCs than do right-handers, and CC area de
creases slightly with age. The implications of these fmdings for theories relating cerebral laterality to 
sex, age, and handedness are discussed. 

Initial observations of size differences in the corpus cal

losum (CC) related to sex (De Lacoste-Utamsing & Hol

loway, 1982) and handedness (Witelson, 1985) have inspired 

numerous studies exploring possible sex and handedness

related variations in this structure. The CC is the major white 

matter tract connecting the cerebral hemispheres. Its fibers 

establish primarily homotopic interhemispheric connec

tions organized along an anterior-posterior gradient. His

tological studies in primates and humans indicate that the 

rostrum and genu ofthe CC connect anterior frontal areas, 

the isthmus parietal and posterior frontal areas, and the 

splenium temporal and occipital cortex (LaMantia & Rakic, 

1990; Pandya & Seltzer, 1986). Most of the fibers in the CC 

appear to connect cortical association areas rather than 

primary cortical areas or subcortical structures (LaMantia 

& Rakic, 1990). 

Early investigators of hand and sex-related variations in 

the CC placed their findings within the context oflateral

ization. De Lacoste-Utamsing and Holloway (1982) found 

that women possess somewhat larger splenia than do men 

(p < .08). They hypothesized that these sex differences re

flected reduced hemispheric specialization for visuospatial 

skills. A subsequent report (Holloway & De Lacoste, 1986) 

indicated that women's overall CC area was larger than that 

of men and that this sexual dimorphism might be related 

to gender differences in cognitive performance. Similarly, 

Witelson (1985) found that individuals with consistent right

hand preference have smaller CCs than do those without. 

She speculated that this difference reflected reduced later

alization of function in the former group. These hypothe

ses linking hand and sex differences in the CC to varia

tions in lateralization of function have gained additional 
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support from reports indicating that women possess less 

lateralized brains than do men (see Bryden, 1982; Kimura, 

1987; McGlone, 1980, for reviews) and that people who 

are not consistent right-handers deviate from lateralization 

patterns typical for those who are (see Hellige, 1993, for a 

review). 

Since the early autopsy studies (De Lacoste-Utamsing 

& Holloway, 1982; Witelson, 1985), a number of researchers 

have investigated variations in the CC of sex and handed

ness groups. The development of magnetic resonance 

imaging (MRl) has aided this endeavor, because the CC is 

easily visualized and measured on MRl scans. However, 

studies of individual differences in the CC have produced 

conflicting results and settled few controversies about the 

existence of sex and handedness effects. 

Even if consistent links could be established, the func

tional implications of variations in CC size are unclear. De 

Lacoste-Utamsing and Holloway (1982) and Witelson 

(1985) shared a common assumption that a larger CC in

dicated more fibers connecting the hemispheres and thus 

reduced lateralization. Empirical support for this proposi

tion is meager. In a series of 15 adult rhesus monkeys, La

Mantia and Rakic (1990) observed no relationship be

tween the number ofaxons and CC size. A recent study of 

fiber composition in the human corpus callosum (Aboitz, 

Scheibel, Fisher, & Zaidel, 1992), however, suggested that 

the number of relatively small callosal fibers increases 

with increases in CC area. These smaller fibers are believed 

to connect association rather than primary areas of the cor

tex (LaMantia & Rakic, 1990). The fact that Aboitz and 

colleagues could not assess fibers whose diameters, before 

shrinkage of autopsy sections, were less than .6 ,um, though, 

limits the generalizability of their findings. 

Although changes in the size or density of callosal 

axons may increase interhemispheric transfer, such alter

ations could also reduce communication between the hemi

spheres. Some authors (e.g., Dennis, 1976; Kinsbourne, 

1982; Zaidel, Clarke, & Suyenobu, 1990) have suggested 

that the CC may actually inhibit communication between 
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Table 1 
Correlations Between Brain Weight and Corpus Callosum 

Srud~ r n 

Bean (l906)b .62 45 

Mall (l909)b .76 17 
Weber (I 986)C <.003 36 

Demeter (1988)d .26 33 
Wite1son (1989)- .48 50 

Aboitz (1992) .32 40 

aEach srudy is indicated by first author's name and the year of pub1ica
tion. bWhite subjects only, as reported in Witelson (1989). Less confi

dence should be placed in the results of the Bean and Mall srudies than 

the others because their treatment of postmortem specimens did not meet 
modem-day standards. cDerived from a regression equation, with age 
and brain weight as covariates. dCerebellum and brain stem at and below 

level of mesencephalon removed. -Cerebrum weight only. 

the hemispheres. Thus, persons with relatively large CCs 

would be expected to be less lateralized than those with 
smaller CCs. Furthermore, some animal studies of the CC 

indicate that environment may influence CC size and 

myelination (Juraska & Kopcik, 1988). 
Individual variations in brain size further complicate ef

forts to understand the functional implications of larger 

CCs, particularly as regards possible sexual dimorphism 

in this structure. In general, brain size is correlated with 
body size indices such as height. Men's brains are more 

massive than women's by an average of 150-200 g (Peters, 

1988), and there appears to be a moderate correlation (me

dian r = .40) between brain weight and CC size, as is dem
onstrated in Table 1. Sex differences in CC area may imply 

the need to connect greater areas of cortex rather than dif

ferences in brain laterality or interhemispheric transfer. 

By taking into account measures of brain weight or 

area, researchers have attempted to discover whether sex 
differences in CC exceed those expected from group dif

ferences in brain size. The most common technique of 

compensating for brain size differences has been to divide 
raw CC area measures by midsaggital brain area. These 

results are difficult to interpret because of the undesirable 
psychometric properties of ratio variables (Cohen & 
Cohen, 1983). 

In attempts to relate handedness to CC size, a particu

lar problem has been the definition of handedness groups. 
Individuals vary in the consistency of their hand prefer

ence across tasks. Consistent left-handedness is relatively 

rare, existing in about 4% of the population, whereas con

sistent right-handedness is relatively common, present in 

about 66% of the population (Annett, 1972). In studies of 

handedness and the CC, most investigators have divided 

their samples into consistent right-handers and noncon

sistent right handers, with mixed and left-handers in
cluded in the latter group. Consistent left-handers in small 

samples are relatively rare, and investigators have argued 

that the presence of chronic left-handers in a sample may 
explain discrepancies between studies (Wittelson, 1992). 

At this point, it is unclear whether the direction of hand 

preference and/or its consistency is most closely associ

ated with divergent patterns of cerebral organization. 

A possible confounding variable in studies of sex and 

handedness groups is age (Allen, Richey, Chai, & Gorski, 

1991). There are a number of reasons to suspect that the 
size of the CC may decrease with age in the adult years. 

Brain weight and volume reductions, gyral atrophy, and 

ventricular dilation in aging have been well documented 
in the postmortem and neuroimaging literature (Kemper, 

1994; Raz, in press). This process is most pronounced in 

cortical association areas, the very same areas that are most 
densely connected by callosal fibers. In addition, there 

are age-related reductions in myelination (Ansari & Loch, 

1975; Kirkpatrick & Hyman, 1987), which would be ex

pected to affect the CC, a heavily myelinated structure. 
Other variables that might help explain inconsistent re

sults among studies include differences between autopsy 

and MRI methods of ascertaining CC area and, in studies 

that consider subsections of the CC, variations in methods 

for its division. 
Our aim in the present review is to assess the possible 

existence and magnitude of sex, age, and handedness vari

ations in the CC through meta-analysis (Glass, McGaw, & 
Smith, 1981; Hedges & OIkin, 1985). In this analytic ap
proach, individual studies serve as the units of analysis, 

much as subjects do in typical experimental investigations. 

The dependent variable, the effect size, quantifies the 

magnitude of the difference between two groups. Specif
ically, the effect size, d, is the difference between the group 

means divided by their pooled standard deviation. Meta

analysis allows an objective assessment of congruities and 

discrepancies between studies and a basis for evaluating 
hypotheses about effect size differences between research 

reports. In this review, we use meta-analysis to explore the 

following questions regarding age, handedness, and sex 

effects in the CC: 

I. Does CC area differ between the sexes? 
2. Does adjustment for brain size result in different es

timates of these hypothesized differences? 

3. Is the area of the splenium larger in women than in 

men? 
4. Do postmortem and MRI studies diverge in estimates 

of the magnitude of sex differences? 

5. Is the area of the CC smaller in right-handers than in 
left- or mixed-handed individuals? 

6. Does the area of the CC vary with age? 

METHOD 

Study Selection 
We considered all journal articles in which postmortem or MRI 

was used to obtain CC area measurements of nonna! volunteers or 

neurological or medical controls. Both studies that included raw and 

studies that included normalized (Le., raw CC area divided by mid

saggital brain area) estimates ofCC area were included. In investi

gations that compared normal controls with another group of neu

rological or psychiatric patients, only data from the former group 

were considered. All studies that had information sufficient to com

pute an effect size for gender, age, or handedness were included in 

the final sample. When several classifications of handedness were 

used in a study, we pooled data to yield a comparison between right

handers and mixed- and/or left-handers. When two srudies emerged 
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from the same laboratory with information insufficient to determine 

whether the samples were independent. we took the conservative ap

proach of using only effect sizes computed from the study with the 

largest sample size. Of the 43 studies included in the meta-analysis. 

three were in Japanese. one was in German. and the rest were in Eng

lish. 1 Dates of publication ranged from 1906 to 1994. 

Variables Analyzed 

To examine the questions posed in the introduction. we coded a 

number of study characteristics. Tabulation of relevant characteris

tics was limited by which study attributes were consistently reported 

across studies. For example, time from death to autopsy and time from 

autopsy to CC measurement are clearly relevant variables for post

mortem studies. However, these variables were not consistently re

ported in the 10 postmortem studies included in the meta-analysis. 

The coded variables can readily be divided into those describing sub

jects and those pertaining to methods. 

I. Subject Variables 

A. Sample size. 

B. Number of men and women. 

C. Age: When available, the mean age of the sample was used. 

If studies reported only a range of ages, the midpoint of the 

age range was used. 

D. Standard deviation of age: The standard deviation of age 

for each sample was recorded when available. 

E. Handedness: The number ofright-, left-, and mixed-handed 

individuals in the sample was recorded. 

F. Origin of sample: Normal volunteers, pseudoneurological 

controls, or medical controls. If investigators reported a 

sample of normal volunteers and pseudoneuro\ogical con

trols or normal volunteers and medical controls, the sam

ple was coded as pseudoneurological controls and medical 

controls, respectively. 

II. Method Variables 

A. Technique: Postmortem versus MR!. 

B. MR! acquisition sequence: T I-weighted, T rweighted, pro

ton density, or inversion recovery. 

STATISTICAL ANALYSIS 

To estimate gender and handedness effect sizes, we 

computed d (Cohen, 1977). When possible, d was calcu

lated directly from means and standard deviations or from 

individual data points read from relevant graphs. If this in

formation was unavailable, d was derived from inferential 

statistics (t, F, X2). We used Hedges's correction (Hedges 

& Olkin, 1985) to adjust d for small sample sizes. Although 

in this meta-analysis weighted and unweighted average ef

fect sizes yielded similar estimates, we report average ef

fect sizes weighted by study sample size (i.e., d.; Hedges 

& Olkin, 1985). 

The measure of effect size for age was Pearson correla

tions. Whenever possible, we recorded relevant correlations 

reported in the article or computed them from individual 

data points read from graphs. Five of the 19 studies with in

formation relevant to aging effects simply reported the cor

relation between aging and CC as nonsignificant without 

supplying descriptive or inferential statistics (Aboitz, 

Scheibel, & Zaidel, 1992; Hauser, Dauphinais, Berrettini, 

DeLisi, Gelemter, & Post, 1989; Mathew et aI., 1985; Ue

matsu & Kaiya, 1988; Woodruff, Pearlson, Geer, Barta, & 
Chilcoat, 1993). Because of the large proportion of studies 

with this problem, the effect size for age was computed in 

two ways. In the first method, the effect size of findings 

simply reported "not significant" was assumed to be zero. 

In the second method, these findings were assumed to have 

just missed statistical significance, the table value of r for 

a given number of degrees of freedom was accepted, and 

the corresponding d was used. These methods provided a 

low and a high estimate of average effect size, respectively. 

Characteristics of the 43 studies included in the meta

analysis are displayed in Table 2. Effect sizes for raw area 

measures appear in Table 3. 

A test for homogeneity of effect sizes (Hedges & Olkin, 

1985) was conducted for each group of studies. The 

null hypothesis for this test is that the effect sizes are ho

mogeneous and differences between effect sizes are sim

ply random sampling variations. When the null hypothe

sis is rejected, it is assumed that there are systematic 

differences between studies that yield disparate effect 

sizes. 

RESULTS 

Sex and CC Area 
The mean effect size for the 36 studies comparing the 

corpus callosum area of men and women was d. = .27, 

with a 95% confidence interval (CI 95%) extending from 

.19 to .36. This effect size indicates that approximately 

21 % of the combined distribution of men and women is 

nonoverlapping. The median CC area for men stands at 

about the 62nd percentile for women. A test for homo

geneity of effect size (Hedges & Olkin, 1985) failed to re

ject the null hypothesis [QT(35) = 46.83, n.s.]. Thus, dif

ferences in effect sizes among studies may be simply the 

result of random sampling variations. 

Comparisons between postmortem versus MRI studies 

were not statistically significant [F(I,34) = 1.04, n.s.]. 

Among the 14 studies of sex differences in CC area that also 

reported handedness information, the correlation between 

Table 2 
Characteristics of Studies Included in Meta-Analysis 

Subject Variables M Range n % 

Sample Size 56 12-153 
Percentage males (%) 53 27-100 
Age Mean (years) 43 25-78 
Age Standard Deviation (years) J3 5-21 
Handedness 

Right-handed only 6 14 
Mixed sample 12 28 
Not reported 25 58 

Sample Origin 
Normal volunteers 21 49 
Pseudoneurological controls 9 21 
Postmortem 11 26 
Not reported 2 5 

Method Variables 

Postmortem 11 26 
Magnetic resonance imaging 32 74 

TI-weighted 24 75 
T 2-weighted 1 3 
Inversion recovery 5 16 
Not reported 2 6 
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Table 3 

ElTect Sizes Derived From Absolute Area Measures for Studies Included in Meta-Analysis 

dfor Sex 

Study" N(M/F) Methodt CC Area Splenial Area Handedness Age, CC Area 

Bean (1906) 149(107/42) PM .68 .49 -.03 
Mall (1909) 103(80/23) PM .65 
De Lacoste-Utamsing (1982) 14(9/5) PM -.03 -.97 

Mathew (1985) 18(10/8) MRI n.s. 
Nasrallah (1986) 41(21120) MRI .94 .41 
Weber (1986) 36(18/18) PM .25 .07 .00 
Kertesz (1987) 104(51153) MRI n.s. .16 
Simon (1987) 48(17/31) MRI .84 -.01 
Uematsu (1988) 17(17/0) MRI n.s. 
Byne (1988) 37(15/17) MRI .67 -.11 -.17 

Demeter (1988) 33(22/11) PM .39 .00 -.02 
O'Kusky (1988) 50(26/24) MRI .32 -.57 

Takeda (1988) 153(81172) MRI -.04 -.23 
Weiss (1988) 46(20/26) MRI .03 .23 

S. Clarke (l989a) 46(27/19) PM .90 .26 -.27 
S. Clarke (1989b) 12(517) MRI -.19 -.26 

Hauser (1989) 25(14/11) MRI .24 n.s. 
Hayakawa (1989) 26(13/13) MRI .55 
Witelson (1989) 50(15/35) PM -.57 

Yoshii (1989) 64(32/32) MRI .05 .32 -.11 

De Lacoste (1990) 69(36/33) PM -.12 

Elster (1990) 120(60/60) MRI .25 .11 
Going (1990) 33(17/16) PM .28 .64 
Lewine (1990) 91(67/24) MRI .80 

Okamoto (1990) 27(17/10) MRI .59 .80 
Raine (1990) 18(9/9) MRI .18 

Raz (I 990a) 28(15/13) MRI .32 .56 .22 
Raz (I 990b) 44(12/32) MRI .58 .82 -.08 

Allen (1991) 122(61161) MRI .10 -.17 .19 
Doraiswamy (1991) 35(15/20) MRI .17 -.42 

Witelson (1991) 62(23/39) PM .46 .29 
Emory (1991) 40(20/20) MRI .13 

Gunther (1991) 31(19/12) MRI -.07 

Aboitz (1992) 40(20/20) PM .50 .18 n.s. 

Laissy (1993) 124(63/61) MRI .31 

Steinmetz (1992) 52(26/26) MRI .05 .10 

Weiss (1993) 46(20/26) MRI -.53 

Woodruff(1993) 44(34/10) MRI .42 .23 n.s. 

Burke (1994) 97(38/59) MRI -.14 .01 -.24 

J.M. Clarke (1994) 60(30/30) MRI .21 .27 -.35 

Raz (1994) 62(32/30) MRI -.08 -.39 

Note-Effects that were reported as nonsignificant with information insufficient for calculating an exact ef-

feet size are designated as n.s. "Each study is indicated by first author's name and the year of publication. 

tPM, postmortem; MRI, magnetic resonance imaging. 

the percentage of right-handers in the sample and effect 
size for sex did not reach statistical significance [r(l2) = 

- .33, n.s.]. Similarly, means and standard deviations of 
age did not correlate with effect size [r(31) = - .16, n.s., 
and r(21) = - .06, n.s., respectively]. 

In contrast to the average effect size for raw area mea
sures, the average effect size for the 11 studies that used 
normalized CC measures (d. = - .26) indicated that, for 
their brain size, women's callosal areas were actually larger 
than those of men. The CI 95% for this effect size extends 
from -.43 to - .08. It excludes zero and does not overlap 
with that of the raw area measures. The null hypothesis of 
homogeneity was not rejected [QT(lO) = 18.01, n.s.]. The 
effect sizes from the normalized measures are displayed in 
Table 4, and, when available, they are compared with effect 
sizes derived from raw area measures on the same sample. 

Sex and Splenial Area 
The average effect size for the 21 studies comparing sple

nial area in men and women was .20. The effect size for 
De Lacoste-Utamsing and Holloway (1982) was an outlier 
by Tukey's (1977) criterion (i.e., that data point fell farther 
than 1.5 times the interquartile range from the median). 
Removal of this study yielded an average effect size of .21. 
The study was deleted from all subsequent analyses. 

This average effect size indicates that splenial area, like 
overall CC area, is larger in men than in women. The sex 
difference in area appears smaller in the splenium than in 
the entire CC, although the CI 95% for the splenium over
laps with that for the CC (.09-.34 and .19-.36, respec
tively). Approximately 14.7% of the distributions of men 
and women have nonoverlapping splenial areas, and the 
median male splenial area is at the 58th percentile for 
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Table 4 
Comparison of Effect Sizes Derived From Normalized 

Versus Absolute Area Measures: Sex Differences 
in Corpus Callosum (CC) Area 

Nasrallah (1986) .23 .94 
Hauser (1989) -.11 .24 
Yoshii (1989) -1.05 .05 
Elster (1990) -.38 .25 

Raine (1990) 0 .18 

Raz (I 990a) -.40 .32 
Raz (I 990b) 0 .58 

Duara(1991) .13 

Emory (1991) -.33 .13 

Habib (1991)§ .31 

Raz(1994) -.40 -.08 

*Each study is indicated by first author's name and the year of publica

tion. tEffect size (d) derived from normalized CC measures. IEffect 

size (d) derived from raw CC area measures. §Investigators magnified 

magnetic resonance imaging scans so that the midsaggital area was 

equal for all subjects and then measured the CC. 

women. The null hypothesis of homogeneity of effect size 

could not be rejected [QT(19) = 25.27, n.s.]. Not enough 

studies were available to effectively compare raw and nor

malized measures of splenial area. 

Handedness 
Seven studies in which the effects of handedness on CC 

area were examined yielded an average effect size of d. = 

-.13 (CI 95% = - .23 to - .02). Thus, left-handers had 

larger CC areas than did right-handers. The average effect 

size has approximately the same magnitude as does the 

difference between men and women in CC area. The test 

of homogeneity of variance indicated that there was no 

systematic variation between studies [QT( 6) = 10.18, ·n.s.], 

although the power of that test was rather limited. 

Age 
The effect size for age was computed in two ways. In 

the "low estimate" method, the effect size offindings sim

ply reported "not significant" was assumed to be zero. In 

the "high estimate" method, these findings were assumed 

to have just missed statistical significance and the corre

sponding d was used. The 21 studies of age and CC area 

yielded low and high effect estimates of the average cor

relation between age and CC of r = - .12 and r = - .16. 
Correlation coefficients were converted to ds to allow for 

computation ofthe homogeneity of variance statistic. The 

null hypothesis of homogeneity was rejected by either the 

low or the high estimate method [QT(20) = 44.4, P < .05 
or QT(20) = 49.7,p < .05]. The average effect sizes for the 

two methods were d. = - .24 (CI 95% -.12 to - .36) and 

d. = - .33 (CI 95% -.22 to - .45), respectively. Because 

the low and high estimates were similar in magnitude, the 

low, or more conservative, estimate was used for all sub

sequent analyses. The correlations between study rs and 

mean age and mean age standard deviation of study sam

ple were r(19) = -.34, n.s., and r(16) = -.23, n.s., re

spectively. 

DISCUSSION 

The results of this meta-analysis indicate that the area 

of the whole CC and the splenium is slightly larger in human 

males than in human females. In the case of whole CC, 

when sex differences in brain size are taken into account, 

the direction of the differences is reversed. In addition, the 

CC is smaller in right-handers than in non-right-handers. 

Younger subjects have greater CC areas than do their el

ders, raising the possibility that the CC decreases with age. 

Longitudinal studies would be necessary to effectively test 

the latter hypothesis. Analytic techniques indicate that dif

ferences between studies of sex and handedness and CC 

area or sex and splenial area are a result of random sampling 

differences, rather than systematic variations. The oppo

site appears to be true for aging studies. 

Our present knowledge of the relationship between CC 

size and brain connectivity constrains efforts to interpret 

observations of greater CCs in particular groups. Among 

studies that compare men and women, sexual differences 

in brain size further complicate this issue. When investi

gators control for this discrepancy via normalization pro

cedures, women's CCs appear to be somewhat larger than 

men's. It might be concluded from this that once intergroup 

differences in brain size are considered, women's CC area 

exceeds men's. 

However, the differences in effect sizes derived from 

raw and normalized CC area measures may be due simply 

to the mathematical properties of ratio measures. CC areas 

are typically less than one tenth the size of midsaggital 

brain areas. For example, Allen, Richey, Chai, and Gorski 

(1991) reported that adult males had an average CC area 

of 6.87 cm2 and midsaggital brain area of 92.96 cm2 and 

that adult females had average CCs of 6.80 cm2 and mid

saggital brain area of 88.57 cm2. Thus, when researchers 

divide CC area by midsaggital brain area, they are divid

ing a small number by a number about 10 times its size. 

Hence, the denominator dominates the magnitude of the 

ratio. In this situation, the smaller ratio variable will be the 

one whose numerator is divided by the largest quantity. 

Therefore, men, simply by virtue of their larger brains, 

would appear to have smaller CCs than women, when ratio 

indices are used. 

The analysis of covariance, with a measure of brain size 

as the covariate, provides a more appropriate method of 

considering the possible correlation between CC and brain 

size. In this approach, men and women's average CC area 

would be compared after adjustment for the correlation 

between brain and CC size in the entire sample. This sta

tistical technique would be valid only if the relationship 

between brain and CC measures is similar in men and 

women-in other words, ifthere is no statistically signif

icant interaction between gender and brain size. 

Splenial area in men is larger than in women, as is 

their overall raw CC area. This conclusion may be sur

prising to many readers because it directly contradicts De 

Lacoste-Utamsing and Holloway's (1982) original find

ings. In this regard, it is important to note that their report 



CORPUS CALLOSUM, SEX, AGE, AND HANDEDNESS 245 

is a statistical outlier among studies of sex and splenial 

area. Its large effect size (d = -.97) is greater than, for 

example, the difference between the heights of 13- and 18-

year-old girls (Cohen, 1977). Given De Lacoste-Utamsing 

and Holloway's small sample size (N = 14), a few anom

alous individuals could easily have skewed their results. 

The present analysis indicates that differences between 

studies of sex and CC or splenial area are a result of ran

dom sampling differences, rather than systematic varia

tions. The caveat, however, is that small sample sizes limit 

the power to reject the null hypothesis of homogeneity. 

Our inability to find statistically significant relationships 

between effect sizes and various study characteristics also 

suggests that systematic differences between studies con

tribute little to variations between them. Interestingly, de

spite great improvements in methods of investigation, 

studies from the turn of the century (Bean, 1906; Mall, 

1909) yield effect sizes similar to those found in more 

modern studies. The preceding observations must be qual

ified by considering the small number of studies analyzed 

and the fact that some potentially important variables were 

not available for analysis because investigators did not 

collect and/or report them. For example, researchers often 

did not include measures of handedness and sometimes 

failed to report the age range of subjects. Thus, as more 

studies of CC and sex accrue, other important sources of 

study variation may well be discovered. 

In the case of sex differences in the CC, we were unable 

to address quantitatively the wide variety oftechniques for 

demarcating the splenium. For example, many investiga

tors use a rule for drawing a straight line from the most an

terior to the most posterior part of the CC and then divide 

this reference line into fifths (De Lacoste-Utamsing & Hol

loway, 1982; Witelson, 1985). The most posterior fifth is 

then considered the splenium. Other researchers use a 

curved reference line, such as in the center-of-gravity 

method adopted by S. Clarke, Kraftsik, Van der Loos, and 

Innocenti (1989). The diversity of methods used in a rel

atively small sample of studies did not allow for mean

ingful quantitative comparisons. However, single studies 

comparing two or more measurement methods (e.g., Allen 

et aI., 1991; 1. M. Clarke & Zaidel, 1994; Woodruff et aI., 

1993) have found few differences in the results obtained. 

Because the splenium is continuous with the rest of the 

CC, no method is essentially more valid than another. The 

reliability of the techniques may vary, but with a few no

table exceptions (Steinmetz et aI., 1992; Witelson, 1989), 

investigators do not report reliability estimates. 

Acceptance of the null hypothesis of homogeneity of 

variance is particularly suspect in the case of handedness 

studies because of the small sample size (n = 7 studies). 

Methods of determining handedness group and the range of 

hand preference present in the subjects (Witelson, 1992) 

are likely sources of significant variation between studies. 

A systematic meta-analysis of these differences awaits ad

ditional empirical investigations. 

The lack of homogeneity in aging studies constrains con

clusions concerning age-related variations in CC area. 

Given the small number of studies on this topic, rejection of 

the null hypothesis of homogeneity of variance provides 

strong evidence of systematic differences between research 

reports. However, for this same reason, between-study 

variation could not be meaningfully analyzed. In aging 

studies, health of subjects and age and sex distribution 

may be important sources of between-study variability. 

In conclusion, a quantitative review of studies explor

ing individual differences in CC area indicates that this mea

sure can be meaningfully related to sex, age, and handed

ness of subjects. These links emerge as consistent but weak. 

The absolute areas of the CC and splenium appear to be 

slightly larger in men than in women. Meta-analysis also 

indicates that CC area is smaller in right-handers than in 

non-right-handers and that the CC may decrease with age. 

Investigators can improve future research on age, sex, 

and handedness-related differences in the CC by carefully 

reporting characteristics of subjects such as age and hand

edness, and, in postmortem studies, detailing their meth

ods for handling brain samples. Calculation of interrater 

reliabilities would assist the selection of better methods 

for quantifying the area of the splenium. Particularly in com

parisons of the sexes, analysis of covariance approaches 

are recommended as a more effective method for consid

ering brain size differences than the ratio indices used in 

past investigations. However, the behavioral significance 

of observed neuroanatomical variations remains the ulti

mate question. First steps in this direction have been taken 

(see, e.g., Zaidel et aI., 1990), and one can expect that ac

cumulation of evidence in this area will resolve at least 

some of the debates on the relationship between func

tionallateralization and CC morphology. 
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NOTE 

I. Two publications were considered to contain more than one study. 

Clarke, Kraftsik, Van der Loos, and Innocenti (1989) contained post

mortem and MRI data that were treated as two different studies and de

noted as Clarke et al. (1989a) and Clarke et al. (1989b). Similarly, area 

measures from normal volunteers and pseudoneurological controls in

cluded in Raz, Spencer, Torres, and Acker (1990) were treated as sepa

rate studies (Raz et aI., 1990a and 1990b, respectively). 
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