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In this commentary, the first section will present some of the patterns which seem 
to be emerging from across the articles in the special issues of Learning and Zndivid- 
ual Difirences on gender and cognition. Then in the second section I will consider 
these findings from a biological / environmental interactionist perspective. 

ARE THERE CONSISTENT GENDER DIFFERENCES IN 
SPATIAL AND OTHER TYPES OF ABILITIES? 

Meta-Analyses on Gender Differences. Most of the articles in the special issue of 
Learning and Zndividual Difirences acknowledge that for some spatial abilities there 
are large and consistent gender differences, with females performing more poorly 
than males. The largest gender difference is found for mental rotation ability 
which requires the ability to mentally rotate objects in three-dimensional space. 
Although Crawford, Chaffin, and Fitton (1995) down-play the importance of this 
large effect size, the meta-analyses of Linn and Petersen (1985) and Masters and 
Sanders (1993) show strong evidence for a gender difference on this type of spa- 
tial task. 
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The Effect on Instructions. Crawford, Chaffin, and Fitton (1995) also seem to suggest 
that the gender difference on the Vandenberg Test of Mental Rotation Ability is 
not a real phenomenon, but may be due to gender biased instructions on the test. 
However, the effects of instructions on gender differences in mental rotation are 
far from clear. As Crawford, Chaffin, and Fitton acknowledge, this effect was not 
replicated by at least one researcher (Richardson 1994). In their review, they cited 
a study by Sharps, Welton, and Price (1993) and indicated that the gender differ- 
ences were eliminated in this study when the normal instructions on the Vanden- 
berg were modified to remove any reference to spatial abilities or spatial 
cognition. One problem with this statement is that there is no reference to spatial 
skills in the standard Vandenberg instructions. The instructions read, “This is a 
test of your ability to look at a drawing of a given object (the standard) and find 
the same object within a set of dissimilar objects.” The word “spatial” is not men- 
tioned. For their “nonspatial” instructions, Sharps, Welton, and Price (1993) sim- 
ply added the statement, “This is a test of your mental abilities, of your ability to 
reason and solve problems.” It is not obvious why this added statement should 
wipe out gender differences on the test. 

Reductions in Gender Differences Over Time. Baenninger and Newcombe (1995) sug- 
gest that many gender differences may be decreasing in recent years, citing a 
number of meta-analyses which have shown this pattern. They indicate that SAT 
math scores are a notable exception to this trend. They do not mention that gen- 
der differences in mental rotation ability have also stayed quite stable over the 
past nineteen years (Masters & Sanders 1993). Crawford, Chaffin, and Fitton 
(1995) also stress the decline in gender differences in spatial visualization skill in 
the past 40 years, but do not mention the stability of the mental rotation effect. 
Stumpf (1995) acknowledges the reduction in some gender differences with time, 
but points out that gender differences across a number of cognitive dimensions 
are still quite robust, despite the reduction over time. He suggests, based on his 
own research, that in addition to mental rotation ability, there are other spatial 
skills which show strong gender differences favoring males over females. 

Patterns in Gender Differences. One strength of the Halpern and Wright (1996) arti- 
cle is that the authors considered gender differences on different types of cogni- 
tive tasks from the perspective of a conceptual framework using information 
processing patterns as the basis for examining gender differences. Stumpf (1995) 
cautiously agrees with Halpern and Wright’s view that on the average males and 
females may draw on strengths from different underlying cognitive processes. In 
their article, Halpern and Wright present data which shows a pattern of abilities 
suggesting that males excel in tasks requiring maintenance and manipulation of 
information in working memory, while females excel at tasks which require rapid 
access to and retrieval of information from stored memory. Stumpf proposes that 
males may excel at types of tasks which benefit from combining new strategies, 
such as mental rotation ability, while females may benefit from tasks which draw 
on past knowledge, such as verbal fluency. Thus, both the Halpern and Wright 
and the Stumpf articles are in agreement with the view that females, as a group, 
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may be prone to strategies which draw on memory of past algorithms rather than 
inventing new approaches. 

This perspective is supported by a recent ETS study (Gallagher 1992) which 
examined gender differences among mathematically talented high school exam- 
inees who scored above 650 on the math SATs. An item analysis revealed that the 
majority of items that favored males required the use of mathematical insight, 
whereas all the items favoring females required standard algorithmic solutions. 
This tendency to depend on past memory for solving problems may be a strategy 
which is detrimental in the development of spatial ability. 

It is encouraging that researchers are starting to consider gender differences on 
different types of spatial and other cognitive tasks from the perspective of concep- 
tual frameworks and to cluster them based on these formulations rather than con- 
sidering them as isolated tests. It is interesting that the clusters do seem to be 
based on the information processing demands of the tasks. However, the issue of 
strategy differences has not been addressed sufficiently in this research, since the 
information processing demands of the tasks will change dramatically depending 
on the strategies used to solve the tasks. In our research, (Pezaris & Casey 1991), 
we found strategy differences both between and within genders when solving 
mental rotation tasks. In the future, variations in strategy usage need to be exam- 
ined when analyzing the information processing demands of a task for a particu- 
lar subgroup. 

IS THERE A RELATIONSHIP BETWEEN 
HORMONE LEVELS AND SPATIAL ABILITY? 

A number of the writers in this series of articles (McKeever, Berenbaum, & Geary) 
refer to the relationship between hormone levels and spatial ability. Berenbaum, 
Korman, and Leveroni (1995) propose that hormones acting on the brain and 
behavior early in development are termed “organizational” because they produce 
permanent changes in the wiring and sensitivity of the brain. They conclude that 
evidence from a variety of human clinical conditions and normal samples sug- 
gests that moderate to high levels of androgens in the prenatal and early postnatal 
periods facilitate the development of mental rotation ability. McKeever’s review 
of this literature indicates that though this relationship may hold up in relation to 
females, for males the evidence is less clear and in some instances is suggestive of 
the reverse effect, i.e., that males with higher testosterone levels have lower spa- 
tial ability. It would be useful to cluster these findings by those types of spatial 
tasks which show evidence of gender differences and those which do not. 

In a number of articles, reference is also made to within-subject variations in 
pattern of abilities among females, where spatial skills and verbal fluency vary as 
a function of hormone levels during the menstrual cycle (Hampson 1990; Hamp- 
son & Kimura 1988). When combined, these studies suggest that the verbal flu- 
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ency scores are highest during the midluteal testing when estrogen levels are 
highest and spatial skills are highest when estrogen levels are lowest during the 
menstrual phase. Related work examining the effects of natural and synthetic 
estrogens (e.g., estrogen replacement therapy) supports this pattern of findings 
relating to verbal fluency (Hampson 1995). The relation between verbal fluency, 
which draws to some extent on long-term memory, and estrogen levels may con- 
nect with the information processing patterns described by Halpern and Wright. 

Although it is interesting to consider the possible ecological functions which 
these different types of spatial skills might have provided for emerging mankind 
as Geary does, we need to be cautious in making generalizations to present-day 
human gender differences when hypotheses are generated from the perspective 
of early man and from other mammals. Geary is arguing that human males 
should be considered as members of polygynous mammalian species rather than 
monogamous species, thereby requiring greater spatial ability because a wider 
terrain must be navigated to find mates than that required by species which are 
monogamous. Clearly there are both monogamous and polygyamous males and 
females in our society as well as overlapping distributions between males and 
females. There really does not appear to be any straightforward way to test such a 
theory. If it were considered in terms of individual differences, then it might pos- 
sibly be predicted that the more promiscuous males with a greater number of sex- 
ual partners would have higher testosterone levels and also higher spatial ability. 
Geary (1995) makes the argument that in the distant past, males needed to 
respond to environments quickly by integrating novel incoming spatial informa- 
tion. His perspective in this regard is consistent with Halpem and Wright’s (1995) 
and Stumpf’s (1995) in relation to differences in patterns of abilities between the 
genders. 

WHAT IMPACT DOES SPATIAL EXPERIENCE AND THE SOCIAL ENVIRONMENT 
HAVE ON SPATIAL ABILITY? 

Baenninger and Newcombe (1995) argue that there is strong evidence that envi- 
ronmental input is essential for the development of high levels of ma~ematical 
and spatial ability, in both sexes, and strong evidence that this environmental 
input is more common in the lives of boys than of girls. They do acknowledge 
that sex-differentiated input may maintain or widen an already existing biological 
predisposition, rather than create a difference from nothing. However, they argue 
that delineation of how biology and environment interact in the development of 
sex differences in spatial and mathematical ability is less important to educators 
than one might think, since the implication is simply to nurture these abilities 
more intensively. I disagree with this view, since there may well be strategy dif- 
ferences within biologically-based subgroups of females, such that one type of 
training would be beneficial to one group over another. 
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Training studies have shown that spatial ability is malleable. Baenninger and 
Newcombe (1995) review a number of studies on the relation between spatial 
experiences and improvement in spatial ability. Generally these studies have 
shown that although spatial improvement does occur, it occurs in males as well as 
females, and therefore, does not wipe out gender differences. The implications of 
this finding is that for within-gender differences as well, training may not wipe 
out the spatial advantage among those females who have the biological predispo- 
sition to excel. Our own research supports this perspective, since we found that 
some subgroups improved more than others with training and that type of train- 
ing had differential influences on these subgroups (Casey, Brabeck, & Ludlow 
1986). 

Crawford, Chaffin, and Fitton (in press) argue that gender constructs are such 
defining and organizing social structures, that this socializing aspect of human 
nature is sufficient to explain any gender differences which exist. They state, “It is 
not uncommon to hear scientifically sophisticated people cite sex differences in 
spatial ability as a reason or justification for why there are so few women engi- 
neers, pilots, architects, mathematicians, and so on. When these differences are 
seen from the wider perspective of the gender system, such conclusions seem 
much less compelling (pp. 9-IO).” They also go on to state that N.. . several review- 
ers have concluded that there is no evidence that differences between girls and 
boys in spatial ability can account for their differences in math performance (p. 
25).” 

In fact, we have found recent evidence which strongly implicates spatial skills 
in performance on the math SAT’s, a test which serves as an important gatekeeper 
for many of these types of math/science careers (Casey, Nuttall, Pezaris, & Ben- 
bow in press}. We investigated the relationship between mental rotation ability 
and gender differences in SAT-M across diverse samples. Talented preadoles- 
cents, college students, and high and low ability college bound adolescents, total- 
ing 760, were administered the Vandenberg Mental Rotation Test. Gender 
comparisons showed males outperforming females in both mental rotation and 
SAT-M for all three high ability groups, but not for the low ability group. For all 
female samples, mental rotation predicted math aptitude even when SAT-V was 
entered first into the regression. For males, the relationship varied as a function of 
sample. Furthermore, when mental rotation ability was statistically adjusted for, 
the significant gender difference in SAT-M was eliminated for the college sample 
and the high ability college bound students. This suggests that spatial ability may 
be responsible in part for mediating gender differences in math aptitude among 
these groups. 

Several researchers have proposed criteria that need to be addressed in order to 
make the connection between the effects of such factors as spatial ability or play 
experiences on later gender differences in math. Rosenthal (1988) proposed a 
series of critical statistical tests. These require demons~at~g a significant correla- 
tion between the mediator (in this case, mental rotation ability) and the depen- 
dent measure (SAT-M). Next, it is necessary to document significant gender 
differences for both the mediator and for the dependent measure and, then, to 
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document that the significant gender differences in the dependent measure are 
eliminated when the mediator is covaried out. 

In this research on the relationship between mental rotation ability and math 
SAT’s, we addressed these criteria by investigating three questions: (1) Does men- 
tal rotation ability significantly predict for math aptitude in females? (2) Are there 
gender differences in both mental rotation ability and math aptitude, favoring 
males? (3) Are these significant gender differences in math aptitude eliminated 
when mental rotation ability is statistically controlled through an analysis of 
covariance? 

As discussed above, we did find support for our hypothesis and in my view it 
would be useful for Baenninger and Newcombe (1995) and Crawford, Chaffin, 
and Fitton (1995) to apply the set of same criteria when postulating the relation- 
ship between social context and environmental variables in accounting for gender 
differences in spatial and math performance. 

CAN WE ACCOUNT FOR INDIVIDUAL DIFFERENCES IN MENTAL ROTATION 
ABILITY WITHIN FEMALES BASED ON THEORETICAL MODELS? 

McKeever (1995) has examined the relationship between familial handedness 
patterns and spatial functioning within females to test predictions from a num- 
ber of theories of gender differences in cerebral laterality. In the special issue of 
Learning and individual D$tbences, he compared his findings to ours and dis- 
cussed the implication of his findings for Annett’s theory of brain organization. 
McKeever and his colleagues (McKeever, Seitz, Hoff, Marino, & Diehl 1983) 
found in three samples that right-handed women who have only right-handed 
relatives excelled in mental rotation ability, whereas we found that a subset of 
the right-handed women with nonright-handed relatives excelled (those major- 
ing in math or science). However, a more recent finding by McKeever and Rich 
(1994) failed to replicate his original findings. He did not find any significant 
relationship between familial handedness and spatial ability in females (though 
a trend was shown in the same direction (W. F. McKeever personal communica- 
tion November 28, 1994)). Furthermore, in his 1983 study, one of the samples 
failed to show a significant familial handedness effect, and in 1986 although a 
signficant three-way interaction among handedness, family handedness, and 
gender was obtained, no post hoc comparisons were reported to determine 
whether the right-handed females with the two familial handedness patterns 
differed significantly from one another (McKeever 1986). Thus, while three sam- 
ples showed a signi~cant effect (McKeever et al. 1983), two other samples 
showed either a nonsignificant trend (McKeever 1994) or no significant differ- 
ence (McKeever, et al. 1993). (Note: when he controlled for another type of spa- 
tial ability, the 1994 results became significant, but it is not at all clear why 
another type of spatial ability should be used as a statistical control). 
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In a recent article (Casey in press b), I compared our findings on familial hand- 
edness and mental rotation ability with McKeever’s findings and then analyzed a 
new data set of high school students using both McKeever’s method of classification 
of handedness groups and then one which was theory driven based on Annett’s con- 
ceptualization. I found that using McKeever’s method of classification, there were 
no significant group differences between right-handed females with left-handed 
relatives and those with all right-handed relatives, a finding which is consistent with 
several of McKeever’s samples. Then I reanalysed the data based on Annett’s clas- 
sification system and found that Annett’s predictions were supported. The strongZy 
right-handed females with aZI right-handed relatives had Zower mental rotation scores 
than all the other right-handed females. 

In my view the method of classification of subjects based on handedness groups 
needs to come from a conceptual framework. When this is done, greater clarity in 
the findings can be seen. McKeever seems to have misunderstood the issue of hand- 
edness classifications based on Annett’s theory. Annett (1985) proposes that most 
individuals inherit a right shift factor which makes them right-sided and left-hemi- 
sphere dominant for language. As the fetus develops among those with the right 
shift factor, the brain develops in a predictable order and with a predictable out- 
come. However, a subset of individuals do not inherit this pattern, and their brains 
develop in a more variable way. Whether these individuals will end up right- 
handed, ambidextrous, or left-handed is determined by both chance factors occur- 
ring during the development of the fetus and prenatal and perinatal environmental 
influences. 

According to Annett, there is a 50-50 split between left-handers and right-handers 
among these individuals who do not inherit the right-shift factor. Thus, many indi- 
vidual who do not inherit the right-shift factor also are right -handed, not left- 
handed. She states in a recent article, “Some 12 per cent of the population are likely 
to be RS-- and right-handed for writing. The mean right R - L% difference of these 
right-handers is expected to be just to the right of L = R.” 

Therefore, contrary to McKeever’s method, in our research (Casey in press b), we 
have considered those subjects who are ambidextrous right-handers with strong 
left-handed handed tendencies to carry the recessive gene for the right-shift factor 
(RS--). As a result, they are included with the nonright-handed subgroup and not 
with the right-handed subgroup in our research. This is an important theory-driven 
classification system which I found to have a major impact on the findings (Casey 
in press b). 

The aspect of Annett’s theory which has the greatest implications for our and 
McKeever’s research relates to individual differences within right-handed females. 
Almost all individuals who inherit the right shift factor end up right-handed. Annett 
distinguishes between those individuals who are homozygotic for the right-shift 
factor, inheriting it from both sides of their families, and those who are heterozy- 
gotic, inheriting it from only one side. 

There is a concept within genetics which is referred to as the heterozygotic advan- 
tage. According to this concept, individuals who carry both the dominant and reces- 
sive alleles from a particular trait fare better than those who are homozygotic. 
According to her theory (Annett 1992), the right shift gene carries costs for spatial 
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ability, and this is expressed more strongly in those who are homozygotic for the 
right-shift factor. Furthermore, her theory predicts that this disadvantage would be 
expressed more strongly in females than in males. In contrast, those with the het- 
erozygotic advantage are more likely to have a balance of verbal and spatial abilities. 
Therefore, right-handed females with the heterozygotic advantage should excel 
spatially relative to those right-handers who are homozygotic for the right-shift fac- 
tor. 

How can the two subtypes of females with the right-shift factor can be differen- 
tiated? McKeever criticizes our method of using familial handedness patterns to 
identify these two subtypes. However, based on her theory (Annett 1994), right- 
handers with all right-handed close relatives are likely to be homozygotic for the right 
shift factor, since it is likely they have received this gene from both parents. In con- 
trast, right-handers with nonright-handed relatives are more likely to be heterozy- 
gotic for this gene. Since they have immediate relatives who are left-handed or 
ambidextrous, these right-handers are likely to carry the recessive as well as the 
dominant allele for the right shift factor. 

Although Annett (1985) advocates using differential hand preferences in a peg 
moving task as a major approach to assessing subgroups in the right-shift factor, in 
her original formulation she identified familial handedness as a possible method for 
differentiating among the subtypes within the right shift factor. Furthermore, con- 
trary to McKeever’s statement in his article in Lelzrning and IndividuaI Differences, in 
her more recent work (Annett 1994), Annett has documented the relationship 
between familial handedness and the right-shift handedness subgroups. 

Finally, McKeever (1995) appears to have misunderstood the purpose of our care- 
ful selection of sugroups of females based on college major in our research. Our plan 
was to examine how environmental and biological factors interact to influence level 
of mental rotation ability within female samples. Consequently, rather than going 
to the proverbial student in psychology classes to collect subjects, we carefully can- 
vassed math and science classes as well as humanities and the social sciences to 
obtain our subjects. Our hypothesis, based on Annett’s theory, was that the females 
likely to excel spatially would be found among females with the heterozygotic 
advantage (right-handers with nonright-handed relatives) but, in addition, they 
would also need to have had appropriate experiences to capitalize on this potential 
(those majoring in math or science fields or who rated themselves high in spatial 
experiences). Therefore, we needed to select a wider college sample than typically 
found in psychology courses (the sample used by McKeever). This prediction on the 
subset of females likely to excel in mental rotation ability was supported in three 
samples of college students (Casey & Brabeck 1989; Casey & Brabeck 1990, Casey 
in press a) and in a minority sample of high school students in a math / science train- 
ing program as well (Casey, Colon, & Goris 1992). Therefore, unlike McKeever, we 
did not find a main effect of family handedness, but an interaction effect. This effect 
will show up only when there are sufficient numbers of female math / science majors 
for the effect to be revealed and when the interaction effects are examined. 
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HOW DO BIOLOGICAL FACTORS INTERRELATE WITH ENVIRONMENTAL FACTORS? 
A GENERAL FRAMEWORK 

The articles presented in the special issue of Learning and Individual Difirences 
provide a range of perspectives and explanations for gender differences in spatial 
ability, some biological and some environmental. What is lacking in the present 
set of articles and within the field in general is a framework for considering how 
biological and environmental factors inferrelate to affect individual differences 
within females (Casey in press a). This seems to be the critical question. First, it is 
clear that neither biological nor environmental factors are the sole factors respon- 
sible for gender differences in this area, and yet in this series of articles little space 
is given over to considering the mechanisms for the interrelationships between 
these two factors. Secondly, the male/ female distributions are clearly overlap- 
ping and there are many females who perform at a higher level on mental rota- 
tion tasks than some males. What I and my colleagues have been asking over the 
last ten years is who are these females who provide the exception to the male 
advantage in mental rotation ability. If we can understand the basis for individual 
differences within females, then we can ultimately determine the appropriate 
strategies for intervention. Consequently, in this commentary I would like to con- 
sider the theoretical formulations and data presented in these series of articles on 
gender differences in spatial functioning from the perspective of an integrative 
framework for examining individual differences in spatial ability within females. 

Bronfenbrenner (1989) has proposed a dynamic system for analyzing the envi- 
ronment, which is hierarchically organized and operates across both place and 
time (see also Wachs 1992). I will discuss ways that biological factors might inter- 
relate with each of these systems to influence the development of individual dif- 
ferences in spatial ability among females. 

The Microsystem. The microsystem involves face-to-face interactions in a given set- 
ting. The home and the school are two of the most critical environments. Baen- 
ninger and Newcombe (in press) present interesting findings relating to the effect 
of schooling on spatial ability. Growth in spatial skills is more rapid during the 
school year than during the summer in the early elementary years. This suggests 
that the school microsystem may encourage spatial skills, but it’s not clear 
whether all girls capitalize equally on this opportunity. 

Baenninger and Newcombe’s (1995) and Crawford, Chaffin, and Fitton’s (1995) 
conceptualization of classrooms as gender schools, where children learn what is 
gender appropriate and what is not, is clearly relevant to the development of spa- 
tial skills. In typical preschool classrooms, boys play within the block area for 
many hundreds of hours over the school year, while most girls rarely play in that 
area of the room. It is likely to be the girls with a strong biological predisposition 
for cross-gender interests who are willing to buck the social system and attempt 
to play in areas designated for “boy-type” play by the social system of the class- 
room. 
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Thus, these cross-gender patterns should not be considered as purely environ- 
mental effects, in the way that Baenninger and Newcombe and Crawford, Chaf- 
fin, and Fitton consider them. Crawford, Chaffin, and Fitton noted that girls who 
preferred to be boys did not differ in spatial ability from the boys who had this 
preference. In our research (Casey & Nuttall 1990), we have found that handed- 
ness and familial handedness patterns are related to cross-gender role identity 
and play in females. Furthermore, our latest findings suggest that both handed- 
ness patterns and parental attitudes interact to influence cross-gender role iden- 
tity (Casey, Brabeck, & Nuttall 1995). Thus, both biological and environmental 
factors interrelate with one another to affect behavior. 

If the physical environment within the family does not provide opportunities 
for certain kinds of spatial activities, then the abilities will not develop. For exam- 
ple, in homes with only female siblings, no building materials may be available to 
develop spatial skills. Thus, the girls with the genetic potential for good spatial 
skills may not ever develop their potential. The presence of brothers means that 
there may be blocks available to play with for those girls who have the biological 
predisposition to capitalize on these materials. 

The mother’s biological predispositions and environmental experiences may 
also be key in influencing what types of toys are available in the home. Individu- 
als with a particular biological makeup within a family provide an environment 
for their children which is strongly influenced by their own biological makeup. 
Evidence for this effect is shown in the recent findings by Plomin and Neiderhiser 
(1992) that genetic factors contribute to the variance of measures of the environ- 
ment, such as the HOME measure of family environment. Though researchers 
assume they are measuring environmental variables, the home environment 
which parents provide for their children may be a function in part of their own 
and the child’s genetic predispositions. Thus, presence of brothers, the mother’s 
biological predisposition, and past experiences with her own childhood toys, and 
pressure from the child’s own biological predispositions may all interact to deter- 
mine whether a girl will be exposed to the appropriate spatial experiences to 
develop her potential. 

The Mesosystem. The mesosystem involves the interconnections between two or 
more microsystems, such as the home and school. Both frequently work towards 
producing gender-stereotyped behaviors. Having two major microsystems which 
reinforce one another makes it very unlikely that a child is going to buck the sys- 
tem. However, again biology intervenes. It may depend on how driven a girl is to 
participate in these types of activities. Conflicts between home and school may 
produce interesting shifts in behavior for those girls who have the biological pre- 
disposition. They are often skillful at shifting and at developing strategies for 
exploring their interests in socially acceptable ways. Some girls at the preschool 
level use the art area to construct in three-dimensional space, probably because it 
is less acceptable for them to do constructions in the block area. Meanwhile, at 
home they may do a lot of building, if there is less social pressure to stay away 
from these types of toys in the home environment. 
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The Exosystem. The exosystem involves the interconnections between two or more 
microsystems, one of which does not normally contain the developing person. For 
example, the family environment of the mother is not directly experienced by the 
child, but those attitudes towards spatial activities in females which helped to 
form the mother’s attitudes and interests in turn will influence both the home 
environment and attitudes and interests of her child. This is also an example of the 
chronosystem which involves influences over time. Thus, even a mother with 
potential for good spatial skills who was never exposed to spatial experiences 
would not provide the appropriate experiences for her child to develop these abil- 
ities. This failure to capitalize on girls biological predisposition may be passed 
down through generations. 

The Macrosystem. The macrosystem relates to the cultural influences on the child, 
which often are mediated through the caregiver’s beliefs and values. It includes 
the influences within all the lower level systems which come together to form a 
culture or a subculture. An example of how the macrosystem might influence 
spatial ability in girls is found in some cultures in which there is a lack of toler- 
ance for and little permission for participating in the types of cross-gender stereo- 
typed activities which develop spatial abilities. Some cultures, do not even have a 
word for tomboy, whereas in the U.S., at least within some subcultures, it is con- 
sidered fashionable to be a tomboy. 

The historical changes in gender differences cited by a number of researchers in 
this issue are an example of the chronosystem at work. Measurement issues come 
in here as well when comparing across cultures or time. As the prohibitions 
against spatial play loosen in a culture, with this type of behavior coming more 
and more into the norm, the less there is the likelihood of taping pure biologi- 
cally-based predispositions among the girls choosing these kinds of activities. 
Sports for girls is becoming much more socially acceptable in the U.S. as com- 
pared to twenty years ago. With greater acceptance of this activity in a culture, it 
no longer is a good marker of a biological predisposition. For example, we found 
(Casey & Nuttall 1990) that tomboy behaviors involving rejection of female games 
and activities were related to handedness and familial handedness patterns, while 
tomboy behaviors relating to stereotypically boy-type activities were not. 

From the perspective of spatial ability, measurement of biologically-based pre- 
dispositions may vary as a function of the degree of prohibition against spatial 
activities within a culture. When a behavior such as block play becomes more 
acceptable, then the biologically based predispositions are more subtle and need 
to be measured in a different way. For example, the choice to play in the block area 
might no longer reflect this predisposition. Instead individual differences in bio- 
logical predisposition might be manifested in the way the different girls played 
with the blocks, with some girls building organized structures, while others just 
used the blocks as a background setting for dramatic play. 

The Child’s Construction of Reality. Hoffman (1992) argues that the child as inter- 
preter of his or her environment may be a very important causative factor. Craw- 
ford, Chaffin, and Fitton (1995) also make this point. This perspective is based on 
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the Piagetian view of how individuals construct meaning which may in part be a 
function of genetic, experiential, developmental, and cultural factors. Construc- 
tion of meaning from the environment may be more influential on the child’s abil- 
ity development than the reality of the environment. Hoffman has pointed out 
that perceived reality is becoming an important variable for study in socialization. 
However, it is quite likely that this construction of reality may in part be a func- 
tion of the child’s biological predispositions. Girls construct their reality of what 
is possible for them to achieve spatially and mathematically. They are likely to 
notice those aspects of their environment that are consistent with their pre-exist- 
ing interests and abilities, and these factors may in part be biologically-based. 

Within-Family Biologically-Based Influences. It may be as important to study within- 
family individual differences as it is to study differences between unrelated 
individuals. To do this, we need to examine the family as the unit of study. 
Why are some siblings very similar to one another and in other families they 
are very different? Could this be due to measurable and consistent differences 
in family types? If so, these consistent patterns may be based on biologically- 
based characteristics, such as genotypic family patterns which produce consis- 
tency or variability. 

Hoffman has recently proposed that a major direction for future research in 
developmental psychology is to search for those environmental factors which 
make family members more similar and those which make them different. I 
would like to propose here that the same holds true for biologically-based factors 
which influence similarities and differences within family members. The biologi- 
cally-based characteristics of family members provide an important environmen- 
tal context within which the individual members of the family grow up. 

In this last part of the commentary, I will present a framework on the interrela- 
tion of biological and environmental factors using Annett’s model as a basis for 
considering variability and consistency within fumilies. If two parents marry who 
have the same genotype on a particular trait (e.g. they are both homozygotic for 
the right-shift factor), their children will be very similar to one another on the 
characteristics relating to that trait. If individuals with different genotypes marry, 
their children will be quite different from one another, showing a lot of within- 
family variability. For example, these mixed families may include family mem- 
bers who are both heterozygotic and homozygotic for the right shift factor as well 
as members who do not carry this genetic factor. 

Plomin (1992) has argued that behavioral genetics research has found little sup- 
port for the importance of shared environmental experiences as accounting for 
individual differences in behaviors. Hoffman (1992) criticizes this view. She 
argues that genetics research has confused the cause with the effect by making the 
assumption that shared environments will make children within families similar 
and nonshared environments will make them different. The very same environ- 
mental experiences can produce quite different behavioral outcomes, given the 
developmental levels of the children in the family. Furthermore, I would suggest 
that shared environments may produce different outcomes among members in 
the same family who have different patterns of brain organization. Thus, just 
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because similar experiences produce different behaviors does not mean that fam- 
ily characteristics and environments are not important. 

Investment in Perceiving Differences Among Family Members. According to family sys- 

tems theory, different family members take on different roles in families, and they 
may be invested to see themselves as different from other family members and to 
further exaggerate these differences. Hoffman (1992) describes this as relative 
deprivation (p. 192). It’s not what you have in terms of a particular ability such as 
spatial ability, but what you have relative to those you see around you. Individu- 
als use other family members as reference points. A girl in a family of boys who 
are talented spatially may see herself as really inadequate in that area, whereas 
outside the family, she may have spatial talents. Thus, in this respect her shared 
environment with her brothers will serve to make her different from them, since it 
is mediated through her self-evaluation of her potential. Furthermore, this self- 
evaluation relative to peers is likely to be affected by family composition in terms 
of their pattern of brain organization. In a family where everyone has relatively 
similar patterns of brain organization and where gender is the most salient differ- 
ence, a girl may see herself as relatively poor spatially. In contrast, in a family 
with mixed genotypes, she may perceive herself as much more like a brother than 
a sister in terms of her spatial interests and abilities. 

In conclusion, I would suggest that in future issues on gender differences, we 
need to be creative in considering methodological strategies for exploring biologi- 
cal/ environmental interrelationships. Both the behavioral geneticists and the 
environmentalists have provided us with some fascinating findings using their 
particular methodologies, but their limitations have also led us into some dead 
ends and some false assumption. I believe Wachs (1992) is right in arguing for 
interaction approaches to the study of this complex issue, rather than the study of 
main effects. 
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