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Abstract 
The Mental Rotation Test (MRT) of spatial abilities has consistently produced large gender differ-
ences favoring males. Recent social changes in gender attitudes and gender roles have not dimi-
nished such differences. Of special interest is the finding that the MRT involves a spatial ability 
positively correlated with higher-level math ability; individuals who do well on the MRT also tend 
to score high on standardized test of mathematics. In our previous studies using a GRE Math Sub-
ject Practice Test, we had found a lack of gender differences in math for Chinese college students. 
At the same time, we found an over-representation of males among physics and computer sciences 
majors in Chinese colleges. These findings lead to an obvious question regarding gender differ-
ences in spatial ability, especially the MRT among Chinese students. The present study was con-
ducted to obtain MRT data from the same population of Chinese college students used in our ear-
lier math studies. We found male Chinese students scored significantly higher than their female 
counterparts on the MRT. 
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1. Introduction 
The Mental Rotation Test (MRT) of spatial abilities (see Figure 1) has consistently produced large gender dif-
ferences favoring males (Halpern, 2004; Linn & Petersen, 1985; Masters & Sanders, 1993; Voyer, Voyer, &  
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Figure 1. The Mental Rotation Test: The target figure is the one on the left. Testees are all required to men-
tally rotate each of the four figures at the right and put a check mark on the two that match the target (Van-
denberg & Kuse, 1978).                                                                       

 
Bryden, 1995). In their 53-country cross-cultural study, Lippa, Collaer and Peters (2008) found universal gender 
differences in mental rotation with men’s mean scores significantly higher than those obtained by women. While 
men and women in economically developed, gender-equal societies scored higher than their counterparts in 
gender-unequal, less-developed countries, larger gender differences on the MRT were also more likely to be 
found in gender-equal, developed countries. 

While gender differences in spatial abilities are widely acknowledged, some scholars have argued that gender 
differences have been disappearing over time because of societal changes in gender attitudes and gender roles 
(Feingold, 1988; Rosenthal & Rubin, 1982; Stumpf & Klieme, 1989). However, a meta analysis (Masters & 
Sanders, 1993) showed that gender differences on the MRT have remained stable since 1975. In another meta 
analysis covering nearly 50 years of research using various tests on spatial abilities, Voyer et al. (1995) found 
that gender differences did get smaller on some spatial-ability tests, but not on the MRT. In fact, they showed 
that the magnitude of the gender difference on the MRT had actually increased in recent years. 

Goldstein, Haldane, and Mitchell (1990) hypothesized that the gender difference on the MRT is partly a func-
tion of performance factors related to response speed (women tend to work more slowly than men) and response 
style (women are more cautious than are men). In their experiments Goldstein and his colleagues found that 
while men obtained significantly higher raw scores under timed conditions, there were no significant gender 
differences when ratio scores (number of items correct divided by number attempted) were used or when unli-
mited time was given to complete the test. 

Since then several MRT experiments using larger samples (Masters, 1998; Peters, 2005; Stumpf, 1993) have 
failed to replicate the findings of Goldstein et al. (1990). Masters (1998) allowed male and female college stu-
dents either a short period or unlimited time on the MRT and used three different scoring methods to control for 
gender differences in number of questions attempted. “The results showed no evidence that the gender differ-
ence on the MRT was affected by the scoring method or the time limit” (Masters, 1998: p. 444). In Peter’s 2005 
study, although the overall scores obtained using a long time limit increased for both men and women, there was 
no significant reduction in the magnitude of gender differences.  

Of special interest is the finding that the MRT involves a spatial ability positively correlated with higher-level 
math ability; individuals who do well on the MRT also tend to score high on standardized tests of mathematics 
(Casey et al., 1995; Gallagher, Levin, & Cahalan, 2002; Goldstein et al., 1990; Peters et al., 2006). Casey et al.’s 
longitudinal research (1995) found that while male students outperformed female students on both the MRT and 
SAT-M for all their high-ability samples, “the male math advantage was reduced to nonsignificant levels for the 
college sample and the high ability college-bound students” when mental rotation skills were statistically ad-
justed for (Casey et al., 1995: p. 703). In the same study, Casey et al. (1995) also found that the mental rotation 
scores predicated math aptitude (performance on the SAT-M) for all female samples, but no consistent correla-
tions were found for males. Studies conducted in Canada, Germany, and Japan (Peters et al., 1995; Peters et al., 
2006) found clear relationships between the MRT and college major; students, both males and females, majoring 
in math and sciences scored significantly higher on the MRT than their male and female counterparts in social 
sciences and humanities. However, within each academic program, males scored significantly higher than did 
females.  

Several studies have related gender differences in mathematics to gender differences in spatial ability and ar-
gued that the male advantage at high levels of mathematics can be partly explained by a male advantage at vi-
suospatial tasks (Benbow, 1988; Casey et al., 1995; Geary, 1999; Halpern, 2004). Dividing the quantitative 
questions on the GRE according to their cognitive attributes and solutions, Gallagher et al. (2002: p. 13) found 
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that math problems “requiring generation of a spatial representation and manipulation of a given representation” 
showed the largest gender differences favoring males among the GRE test takers.  

Using standardized math tests scores (the Chinese College Entrance Examination and a GRE Math Subject 
Practice Test), we have found a lack of gender differences in math for Chinese high school and college students 
(Tsui, 2007; Tsui & Venator, 2008). At the same time, we found an over-representation of males in the science 
track in Chinese high-schools and an over-representation of males among physics and computer sciences majors 
in Chinese colleges. These findings lead to an obvious question regarding gender differences in spatial ability, 
especially the MRT among Chinese students. Geary and DeSoto (2001) found the typical males-better-than-fe- 
males gender difference in MRT scores for Chinese college students. In their global study of gender differences 
in spatial ability, Lippa, Collaer, and Peters (2008) found that among the Chinese tested, men had higher MRT 
scores than did women. Here then is an apparent inconsistency: a lack of the typical gender difference in math 
coupled with the presence of a gender difference in spatial ability, a putative cause of the gender difference in 
math. However, the study of Geary and DeSoto (2001) was conducted in a Chinese normal college, while our 
studies revealing a lack of gender differences in math recruited physics majors at Wuhan University of Tech-
nology. Also, as reported by Lippa et al. (2008), their data have several limitations; the data were generated by a 
BBC internet study with an attendant lack of control over participants, and their MRT contained only six ques-
tions with instructions only in English. The present study was conducted to obtain MRT data from the same 
population of Chinese college students used in our earlier math studies (Tsui & Venator, 2008). 

2. Method 
2.1. Participants 
The participants were 202 sophomore physics majors (145 men and 57 women) at Wuhan University of Tech-
nology (WUT) in Wuhan, China. The gender disparity is consistent with the overall enrollment in physics at 
WUT.  

2.2. Materials 
The spatial test used was a redrawn version (MRT-A) of the original Mental Rotations Test (Vandenberg & 
Kuse, 1978), provided by Dr. Michael Peters1 (Peters et al., 1995). The test consists of two sets of 12 items each, 
wherein each item consists of a three-dimensional target figure followed by two identical, but rotated, figures 
and two distracter figures (see Figure 1). 

2.3. Procedure 
The participants, tested at regularly scheduled meetings of their physics class, were given the following instruc-
tions. 

Look at Page 1. Notice that the first five figures are all the same figure rotated around the vertical axis. Can 
you all see that all five versions are of the same figure? Look at the next two figures; they are different from the 
first five figures, but identical to each other. 

Now look at the next group of figures. You see a target figure on the left and four stimulus figure on the right. 
In all problem sets there are two figures on the right which are rotated versions of the target figure, and two fig-
ures which cannot be made to match the target figure. In Problem set number 1, try to see which of the two fig-
ures are correct. The first and third figures match the target figure. You have to find both of the correct answers 
to get a point for a problem. A single correct answer or a correct and an incorrect answer do not count. 

Now try three problems on page 2. The correct answers are given below. 
(After five minutes had elapsed, participants were told to turn over the test booklet with the face down.) We 

are ready to start when I say “begin”. In each problem, remember there are two and only two correct solutions 
and you should mark these by putting an X through each correct figure (administrator illustrated). We will do 
pages 3 and 4, then take a little break. You will have 4 minutes for pages 3 and 4. When I say stop turn the test 
face down immediately, even if you are in the middle of a problem. 

Four minutes were allowed for each half of the test, with a five minute rest period between the first and 

 

 

1We thank Dr. Peters for permission to use his redrawn version of the MRT. 
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second half.2 
As regards scoring, the original authors of the MRT (Vandenberg & Kuse, 1978) recommended that one point 

be given for an item only if both correct options were selected, rather than awarding a point for each correct 
choice. We used the recommend scoring, therefore a perfect score would be 24, as opposed to a perfect score of 
48 produced by per-choice scoring. 

3. Results 
The mean number correct was 15.9 for the men and 12.1 for the women. An independent-groups analysis of va-
riance revealed that the men earned significantly higher scores than the women, F (1,200) = 20.872, p < 0.0001. 
The value Cohen’s d for the gender difference is 0.73, which is considered to be a moderate difference. There is 
significant negative skewness (skewness = −0.61, standard error = 0.201) in the score distribution for men, at 
least a portion of which is likely related to the ceiling effect (see Figure 2). 

4. Discussion 

The gender difference on the MRT among physics majors at WUT is consistent with the earlier studies in China 
(Geary & DeSoto, 2001; Lippa, Collaer, & Peters, 2008) and the wealth of studies in other countries around the 
world. However, given that gender differences in spatial ability, especially on the MRT, have been related to 
gender differences in math performance, and we have found no differences in math performance among physics 
majors at WUT, the gender difference on the MRT at WUT is somewhat surprising. 

To ensure an adequate level of difficulty, the math test we used with WUT physics majors (Tsui & Venator, 
2008) was composed of questions taken from a GRE-Math Subject Practice Test (Leduc, 2005), but at that time 
we were unaware of Gallagher’s (1992) analysis of the relation between types of questions and gender differ-
ences. We gave two math professors the pages from the Gallagher (1992) article describing the characteristics of  

 

 
Figure 2. MRT scores as a function of gender.                                           

 

 

2Though a variety of test times have been used, most recent studies have used 3 minutes for each half. In a technical report on the revised 
test, Peters (1995) stated that 4 minutes was acceptable. We used four rather than three minutes because this type of testing is rare in Chinese 
universities and we thought more time would be desirable. We were wrong; three of the boys achieved perfect scores of 24 yielding a ceiling 
effect in our data. 
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the four different types of questions and a copy of the test we had been using in China and asked them to classi-
fy the question on our test. Both reported that our test questions were all of Type I, the type for which males do 
not score higher than females.  

We have now constructed a new test with questions taken from a recently released GRE Advanced Math 
Test.3 This new twenty-item test contains ten Type I items and ten items of Types II, III, and IV. Types II, III, 
IV, which collectively comprise about half of the GRE Advanced Math Test, are the types of questions on which 
men score higher than women (Gallagher, 1992). This new test has been administrated to physics majors at the 
WUT and we are currently analyzing the results. 
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