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ABSTRACT 

In a sample of undergraduate students, myopia was associated with higher Math and Total SAT score, and males had 
higher Math and Total SAT scores than females. The association between myopia and higher Math and Total SAT 
scores was significant only among males, and the gender differences in Math and Total SAT scores were significant 
only among allergic participants. There were also significant associations between ethnicity and both myopia and SAT 
scores, but regression analyses revealed that ethnicity, gender, and myopia each made significant independent contri-
butions to Math SAT scores. The findings provide support for Storfer’s theory of myopia and brain growth. 
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1. Introduction 

The prevalence of myopia is elevated in intellectually 
gifted populations compared to the general population [1]. 
Students at medical schools, law schools, and prestigious 
universities show a higher prevalence of myopia than the 
general population (e.g., [2-5]). Children who scored 
higher than the 1 in 10,000 level for their age on the 
Scholastic Aptitude Test (SAT) prior to age 13 had very 
high rates of myopia [6,7]. Among members of societies 
whose membership is restricted to the top 1% or 2% of 
the population (e.g., Mensa) 45% of the females and 30% 
of the males had myopia [8]. Ashkenzic Jews show both 
substantially higher IQ scores than Caucasian norms (e.g., 
[9]) and higher prevalence rates of myopia compared to 
non-Jewish groups [10-12]. Among male Israeli military 
recruits, those with IQ scores of 128 or higher had nearly 
double the rate of myopia compared to those with IQ 
scores between 97 and 111, and nearly triple the rate 
found in those with IQ scores lower than 97 [13]. This 
latter finding suggests that there may be a relationship 
between myopia and intelligence across the range of in-
tellectual ability, not just at the uppermost ranges of in-
telligence. A study of schoolchildren in Singapore failed 
to find any significant relationship between visual acuity 
and scores on standard exam [14]. A study of the rela-

tionship between schizotypy and lateral preference in-
cluded questionnaire items assessing myopia and SAT 
scores, allowing an examination of the relationship be-
tween myopia and intelligence in an undergraduate sam-
ple.  

2. Methods 

2.1. Participants 

The initial sample consisted of 744 undergraduates en-
rolled in introductory psychology courses at the Univer-
sity of Maryland, College Park. The study was approved 
by the UM Institutional Review Board. There were 439 
females and 305 males, recruited via an announcement 
on a bulletin board for psychology experiments. Volun-
teers received instructions, informed consent forms and a 
questionnaire packet. All participants were offered extra 
credit in their psychology courses as an incentive to par-
ticipation. The questionnaire included multiple choice 
items concerning ethnic group membership. Based on 
responses to these items, participants were classified into 
six ethnic groups. There were 483 Euro-American 
Whites (210 males, 273 females), 89 African-Americans 
(20 males, 69 females), 104 Asian-Americans (44 males, 
60 females), 11 Middle Eastern (e.g., Syrians, Jordanians, 
etc.; 5 males, 6 females), 31 Hispanics (15 males, 16 
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females), and 26 “Other-Mixed” participants (11 males, 
15 females). The ages of the participants ranged from 16 
to 59, with a mean of 19.2 ± 3.51 years. The total sample 
consisted of 406 freshman, 210 sophomores, 89 juniors, 
and 39 seniors. 

2.2. Measures  

2.2.1. Myopia and Sex 
The questionnaire used included the item “Are you near- 
sighted (myopic, have difficulty seeing things at a dis-
tance)?” to which participants responded either “yes” (N 
= 369) or “no” (N = 375). Another item asked “What is 
your sex?” to which participants responded either male 
or female. All 744 participants answered both items. 

2.2.2. SAT Scores 
The questionnaire included fill-in-the-blank items for 
Verbal, Math and Total Scholastic Aptitude Test (SAT) 
scores. These items were completed by 594 participants 
for Verbal SAT scores, 467 participants for Math SAT 
scores, and 487 participants for Total SAT scores.  

2.3. Data Analyses 

The effects of gender, ethnicity, and myopia on SAT 
scores were examined using these variables as grouping 
factors in analyses of variance with SAT scores as the 
dependent variables. Linear regression analyses were 
also conducted to evaluate the independent contributions 
of each of these predictor variables.  

3. Results 

An analysis of variance (ANOVA) with sex and myopia 
as grouping factors and Total SAT scores as the depend-
ent variable yielded significant main effects of sex (F = 
11.645, p = 0.001) and myopia (F = 4.192, p = 0.041). 
Males scored higher than females, and myopes scored 
higher than participants without myopia (Figure 1). 
Oneway ANOVAs with myopia as the grouping factor 
and Total SAT scores as the dependent variable con-
ducted for males and females separately revealed a sig-
nificant effect of myopia on Total SAT scores in males 
(F = 4.327, p = 0.039) but not in females (F = 0.464, p = 
0.496). Separate oneway ANOVAs for participants with 
and without myopia, with sex as the grouping factor and 
Total SAT scores as the dependent variable, revealed that 
the sex difference in Total SAT scores was significant for 
myopic participants (F = 8.641, p < 0.004) but reached 
only a trend level of significance for participants without 
myopia (F = 3.132, p = 0.078).  

A multivariate analysis of variance (MANOVA) with 
moypia and sex as grouping factors and Verbal and Math 
SAT scores as the dependent variables yielded a signifi-
cant multivariate main effect of sex (F = 8.247, p <  

0.000), and a mutivariate main effect of myopia which 
reached a trend level of significance (F = 2.455, p = 
0.087). Univariate analyses revealed that Verbal SAT 
scores were not significantly influenced by sex, myopia, 
or their interaction, whereas Math SAT scores showed 
significant effect of both sex (F = 16.30, p < 0.001) and 
myopia (F = 4.683, p = 0.031), and the effect of the in-
teraction of sex and myopia reached a trend level of sig-
nificance (F = 2.952, p = 0.086). Males scored higher on 
the Math SAT than females, and myopes scored higher 
than participants without myopia (Figure 2). Oneway 
ANOVAs with myopia as the grouping factor and Math 
SAT scores as the dependent variable conducted for 
males and females separately revealed a significant effect 
of mypoia on math scores in males (F = 6.765, p = 0.010) 
but not in females (F = 0.090, p = 0.764).  

Separate oneway ANOVAs for participants with and 
without myopia, with sex as the grouping factor and 
Math SAT scores as the dependent variable, revealed that 
the sex difference in math scores was significant for 
myopic participants (F = 14.181, p < 0.001) but reached 
only a trend level of significance for participants without 
myopia (F = 3.485, p = 0.063).  

There was also a significant association between sex  
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Figure 1. Effects of gender and myopia on Total SAT. 
 

 

Figure 2. Effects of gender and myopia on Math SAT. 
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and myopia (П2 = 5.884, p = 0.015), as 55.7% of the fe-
males compared with only 44.3% of the males were my-
opic. The preponderance of female myopics was signifi-
cant only among participants with Verbal SAT scores 
above the median, and only among participants with 
Math SAT scores or Total SAT scores below the respec-
tive medians for these measures (Table 1). The sex dif-
ference in the prevalence of myopia was particularly 
marked in participants above the median Verbal-Math 
discrepancy score (relatively better Verbal and poorer 
Math scores), but was not significant in those with rela-
tively better Math and poorer Verbal abilities. 

The Verbal-Math discrepancy score was used as a de-
pendent variable in an ANOVA with sex and myopia as 
grouping factors. There was a significant main effect of 
sex (F = 7.880, p = 0.005), due to lower scores (relatively 
better Math and poorer Verbal scores) in males than in 
females.  

The prevalence of myopia also differed among ethnic 
groups, at least for males. For all six ethnic groups, myo-
pia was significantly associated with ethnicity among 
males (П2 = 12.359, p = 0.030) but not among females 
(П2 = 6.951, p = 0.224). When the analyses were re-
stricted to the three largest ethnic groups, the association 
between myopia and ethnicity was significant for males 
(П2 = 10.515, p = 0.005) but reached only a trend level of 
significance for females (П2 = 5.340, p = 0.069). The 
prevalence of myopia was greatest among Asians (males: 
65.9%; females: 65.0%), intermediate among Blacks 
(males: 50.0%; females: 59.4%), and least among Whites 
(males: 39.5%; females: 50.2%). The sex difference in 
myopia, with a greater prevalence among females, was 
significant only among Whites, the largest ethnic group 
(П2 = 5.438, p = 0.020). A MANOVA was conducted 
with participants belonging to these three largest ethnic 
groups using sex, myopia, and ethnicity as grouping fac-
tors, and Verbal and Math SAT scores as dependent 
variables. Of the multivariate effects, only the main ef-
fect of ethnic group reached significance (F = 12.439, p < 
0.001). Univariate analyses revealed significant effects of 
ethnic group on both Verbal (F = 5.709, p = 0.004) and 
Math SAT scores (F = 25.173, p < 0.001). A posteriori 
comparisons using Duncan’s multiple range test revealed 
that Black had significantly lower scores than Whites and 
Asian, who did not differ significantly. The results of the 
MANOVA including ethnicity as a grouping factor sug-
gest that once ethnicity was taken into account, the ef-
fects of sex and myopia on SAT scores failed to remain 
significant. However, linear regression analyses using 
ethnicity, sex, and myopia as predictors and the three 
SAT scores as the dependent variables revealed that all 
three predictor variables made significant independent 
contributions to Math SAT scores; sex and ethnicity sig-

nificantly predicted Total SAT scores but the effect of 
myopia reached only a trend level of significance; and 
only ethnicity was a significant predictor of Verbal SAT 
scores (Table 2).  

4. Discussion 

In the present sample of undergraduate students, myopia 
was associated with higher Math SAT scores. These 
findings are consistent with previously published find-
ings indicating a relationship between myopia and high 
intelligence [1], as SAT scores may be regarded as a 
proxy measure of intellectual ability. Storfer [1] pro-
posed the theory that exposure to an environment con-
taining high levels of visual complexity causes an 
enlargement in neurons in the cerebral cortex and the 
lateral geniculate nucleus responsible for processing vis-
ual inputs, with a resultant need for more and thicker 
axons connecting the eye with the cortex, generating 
pressure for an increase in the eye’s axial length, which 
is the proximate cause of myopia. Both myopia and intel-
ligence have strong genetic determinants, and both have 
undergone secular increases whose rapidity cannot be 
accounted for by classical neo-Darwinian inheritance  
 
Table 1. Gender differences in myopia: sat score median 
split groups. 

Test Group N Male Female П2 p 

Low 308 44.2* 51.1 1.395 0.238 
Verbal

High 286 46.0 58.8 4.579 0.032 

Low 230 29.7 49.6 7.613 0.006 
Math 

High 237 53.4 58.8 0.710 0.399 

Low 233 31.0 47.3 5.924 0.015 
Total 

High 254 54.2 59.6 0.730 0.393 

Low 233 50.5 50.0 0.005 0.945 
V-M 

High 234 37.1 57.5 9.255 0.002 

*percent with myopia. 

 
Table 2. Regression analyses of SAT scores. 

 Verbal Math Total 

R2 0.044 0.119 0.104 

F 8.335 19.225 17.337 

p 0.000 0.000 0.000 

Gender: t (p) –2.340 (0.815) –3.768 (0.000) –2.913 (0.004)

Ethnicity: t (p) –4.907 (0.000) –5.956 (0.000) –6.117 (0.000)

Myopia: t (p) –0.745 (0.457) –2.213 (0.027) –1.888 (0.060)
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mechanisms. Storfer [1] proposed that the secular in-
creases in intelligence and myopia are the result of a 
rapid 20th century expansion in the size of neocortical 
association areas, and that recent ancestral experience 
with increasingly complex environments alters the extent 
and timing of gene expression in these areas during fetal 
neurodevelopment, via mechanisms involving genomic 
imprinting and gender-of-origin-based inheritance.  

In the present study, a higher prevalence of myopia 
was associated with Math SAT scores, but not with Ver-
bal SAT scores, and this association was significant in 
males but not in females. As in many previous studies, 
males performed significantly better than females in 
math. In general, men perform better than women on 
spatial cognition and mathematical reasoning tests, while 
women perform better than men on tests of verbal fluency, 
phonetics, and fine motor skills, and these sex differ-
ences are apparent prepubertally (e.g., [15-24]). Mathe-
matical ability is associated with spatial ability (e.g., 
[15,19,25]). While the numerical system is represented 
primarily in the left parietal cortex, and acalculia (inabil-
ity to perform simple calculations) is associated with 
lesions of the left parietal region, the right hemisphere 
also plays an important role in math problem solving. For 
example, correctly aligning numbers when performing 
multi-digit calculations involves spatial orientation abili-
ties. Clearly, geometry involves visuospatial reasoning, 
and more difficult mathematical reasoning involves 
right-hemispherically mediated cognitive processes such 
as mental rotation and visual imagery. Mental rotation 
involves the creation and manipulation of internal images, 
which are important components of high-level mathe-
matical thinking and reasoning. Many neuroimaging 
studies have demonstrated mental rotation to be mediated 
primarily by the parietal lobes, particularly on the right 
side (e.g., [26,27]). When performing 3-dimensional 
mental rotations, mathematically gifted male adolescents 
engaged a qualitatively different brain network than 
those of average math ability (predominantly right-sided 
activation), involving bilateral activation of the parietal 
lobes and frontal cortex, along with heightened activation 
of the anterior cingulate [28], suggesting an association 
between enhanced interhemispheric integration and su-
perior math ability. Performance of spatial tasks such as 
the Hooper Visual Organization Test is associated with 
activation of visual association cortex, superior parietal 
lobule, and ventral temporal-occipital cortex [29]. Stor-
fer’s [1] theory that myopia is associated with higher 
intelligence due to enlargement of neocortical association 
areas may apply particularly to mathematical and visu-
ospatial intellectual abilities, which involve more right 
hemispheric processes and visual association areas in the 
parietal and temporal-occipital regions than does verbal 

intelligence.  
Since women’s brains are smaller than men’s, but 

there is no overall sex difference in intelligence, “it fol-
lows that, as an environment’s visual complexity is in-
creased, it will become increasingly harder for a female 
brain to accommodate the additional attentional strain” 
[1]. This led Storfer [1] to hypothesize that the increased 
prevalence and severity of myopia would be particularly 
marked in females exposed to an intense academic regi-
men or who have high IQs. In the present study, however, 
the relationship between myopia and higher Math and 
Total SAT scores was stronger in males than in females, 
in contrast to Storfer’s [1] hypothesis. There was a 
greater prevalence of myopia in females than in males, 
and this was particularly marked among participants with 
higher Verbal SAT scores and lower Math SAT scores. 
Among males with higher math scores, the prevalence of 
myopia increases markedly, narrowing the sex difference 
in myopia.  

A methodological weakness of the present study was 
the use of a self-report questionnaire item to assess the 
presence or absence of myopia. The validity of such self- 
report has not been ascertained. This method was em-
ployed because of the substantial savings in time and 
experimenter effort entailed. It does not seem very likely 
that participants would either not know whether or not 
they are near-sighted or that they would have reason to 
report this inaccurately. Nevertheless, future studies may 
be strengthened by the direct measurement of visual acu-
ity. The measure of academic ability, SAT scores, was 
also assessed by retrospective self-report, rather than 
school records or test reports. Again, the degree of accu-
racy of such self-report is unknown. A future study could 
obtain participants’ permission to cross-check the uni-
versity admissions database for their SAT scores, or even 
employ direct measurement of cognitive abilities. The 
use of an undergraduate sample likely selects for indi-
viduals above the population average in intelligence and 
academic ability. Future studies using general commu-
nity samples may shed light on the generalizability of the 
present findings. 
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