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Background and Significance 
 

A longstanding and robust performance gap on tests of visual-spatial ability has been well 

documented in the cognitive psychology literature, with women, in general, having less well-

developed skills, especially on tasks of mental rotation.
1,2,3 

 Visual-spatial ability, also called 

spatial visualization, is defined by McGee as the ability to mentally rotate, twist, or invert 

pictorially presented visual stimuli.
4
 The ability to discern relationships between shapes and 

objects has also been found to be an important factor for, if not predictive of, success in 

disciplines that involve the manipulation of objects in spatial environments such as engineering, 

chemistry, and computer science.
5,6,7

  According to Cooper and Mumaw,
8
 the spatial aptitude 

literature is quite clear in showing that a broadly defined spatial factor exists independently of 

verbal and quantitative factors and that this spatial factor is more effective than other measures 

of intelligence in predicting success in certain academic and industrial areas. 

 

The debate surrounding the underlying reasons for this gap is rigorous and ongoing, generally 

revolving around the implications of a biologically-based phenomenon (nature) vs. a 

psychosocial one (nurture). This debate is not unimportant. Researchers who believe that 

differences in cognition are primarily biologically-based
9,10,11

 also tend to believe that much of 

the differential we see in societal outcomes can only be somewhat moderated by intervention. 

This argument may seem especially relevant for visual-spatial ability. While there is evidence 

that the gender gap in verbal and computational ability has been decreasing over time,
12

 it has 

been more difficult to document any significant narrowing of the gender gap in visual-spatial 

ability. 

 

Researchers on the other side of the debate place responsibility for sex differences in cognition 

squarely in the nurture camp, emphasizing the role of differential experience as a critical variable 

in an individual’s facility with spatial visualization tasks.
13

  Secondarily, and most importantly 

for those of us involved in developing curricular interventions to increase the retention of women 

in the engineering pipeline, there is ample evidence that performance on visual-spatial tests, such 

as the Purdue Spatial Visualization Test: Visualization of Rotations (PVST:R),
14

 can be greatly 

enhanced by training.
15,16,17,18

 

 

With the ever increasing utilization of computer graphics programs, such as CAD, in the 

undergraduate engineering curriculum, it is critical that the reported gender gap in visual-spatial 

ability be further characterized to understand its effect on the undergraduate engineering 

population.
19,20

 In particular, we are interested in whether differential skill levels of visual-spatial 

ability exert enough pressure on young women in undergraduate engineering programs to be a 

factor in their rates of attrition, which are significantly higher than their male counterparts.
21
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Study Design  

 

This study will be conducted in three phases (Phase Two and Phase Three will be described 

under Further Research). In this, the first phase of the study, three years of baseline data will be 

collected from incoming first-year College of Engineering (COE) students at the University of 

Iowa (entering classes of 2002, 2003, 2004). PVST:R testing will be done at the beginning of 

each academic year for entering first-year students and then again for study participants still 

pursuing degrees in engineering at the University of Iowa (UI) at the end of their sophomore 

year. A short survey asking for students’ perceived levels of confidence and/or preparation in 

such areas as math, science, use of technology, use of graphical tools, etc. will be administered at 

three points during the students’ first year in the UI COE (August, January, May) and then again 

in conjunction with the PVST:R given at the end of the sophomore year, to document any 

changes in socially-mediated retention variables. Each semester, during the students’ first two 

years at the UI, performance in math and engineering classes will be monitored to assess 

academic progress. Choice of major (engineering discipline) will also be recorded. Student 

retention will be characterized at the end of each academic year by placing participants into one 

of five categories: still in the UI COE; left the COE, still at the UI in a science major; left the 

COE, still at the UI in a non-science or open major; left the UI voluntarily; or left the UI 

involuntarily (dismissed). All variables, academic or socially-mediated, will be analyzed in 

relationship to initial and secondary PVST:R scores to identify any significant associations. 

 

Specific Aims – Phase One  

 

The specific aims of Phase One are 1) to document whether significant gender differences in 

visual-spatial ability among first-year engineering students at the University of Iowa, as assessed 

by PVST:R score, can be found, 2) to determine if visual-spatial ability correlates with other 

widely-used predictors of success in engineering, such as standardized tests scores (ACT, SAT) 

or high school GPA’s, 3) to evaluate the relationship between visual-spatial ability and other 

known, socially-mediated retention factors, 4) to explore a possible connection between PVST:R 

score, a student’s academic performance, and a student’s choice of engineering discipline, and 5) 

to track participants through four years of college to ascertain whether there is an association 

between initial visual-spatial ability and retention in engineering. 

 

Methods - Year One  
 

During the first week of classes, fall 2002, all first-year students entering the College of 

Engineering at the University of Iowa (n = 245: 184 M; 61 F) were given the Purdue Spatial 

Visualization Test, Visualization of Rotations (PVST:R) followed by a short ‘retention’ survey 

asking students to report their perceived levels of confidence and/or preparation in relevant 

academic areas, as well as reporting certain demographic or socially-mediated characteristics of 

interest. The test and survey were administered during a required session of First-Year Seminar 

to facilitate maximum participation. Students were not informed of the reported gender gap in 

PVST:R scores prior to the test or subsequently, when individual scores were made available to 

the students. They were also not asked to identify their gender on the test, in the survey or on 

their answer sheet. Nor were they informed of any other outcomes under study such as retention 

in engineering or correlation with factors such as standardized test scores, GPA’s, and socially-
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mediated retention variables. They were, however, made aware that PVST:R scores and survey 

responses would be used to research baseline characteristics of incoming first-year engineering 

students. 

 

Students entered their responses to both the PVST:R and retention survey on scantron forms that 

were collected at the end of class (also the end of the testing period) and taken to the University 

of Iowa Evaluation and Examination Service for scoring. Data files containing PVST:R scores 

(number and percent correct), frequency distribution of responses for each question on the 

PVST:R (n=30) and survey (26), individual responses for each spatial/rotational question, and 

basic overall statistics (mean, median, standard deviation, etc.) were then sent to researchers. 

 

The study database then built by merging the results from the PVST:R and retention survey with 

the first-year student database made available through the College of Engineering. While all 

students in First-Year Seminar were tested, only those students who were truly first-year college 

students, entering directly after high school, were included in the study database (n=245: 61 

females, 184 males). Transfer and non-traditional students were excluded (n=31: 4 females, 27 

males). 

 

The University of Iowa generally receives ACT (American College Testing) scores as part of a 

student’s application for admission, although SAT (College Board Scholastic Assessment Test) 

scores are also accepted. In our study population only 11 participants had submitted SAT scores 

only. Therefore, the SAT math and composite scores were converted to equivalent ACT scores 

using the concordance tables of the College Entrance Examination Board Report prepared by 

Dorans.
22

 Conversion of SAT scores was necessary to ensure the comparability of data used in 

analysis.  

 

As a follow-up to the tests given at the beginning of the academic year, students retook the 

retention survey the first week of second semester (January, 2003) and the last week of the 

academic year (May, 2003) to assess changes in socially-mediated variables across the first-year 

college experience. 

 

Results  
 

Results from the PVST:R showed highly significant differences in scores based on gender 

(p=0.0004, women’s scores lower) even though the high school GPA’s of first-year female 

students were significantly higher (p<0.0001). Using PVST:R scores below 60% to identify 

students at risk for attrition in engineering programs, the proportion of women in that category 

significantly exceeded the proportion of men (19.7% and 8.7% respectively). When looking at 

the upper end of the performance scale (80-100% correct), the difference in proportion by gender 

is also evident (36.0% and 59.8%, females and males respectively). See Table 1. 

 

The difference in the distribution of scores, male vs. female, is clearly visible in Figure 1, where 

the distribution of scores for men is skewed to the high end of the performance scale and the 

distribution of scores for women remains fairly flat across the entire performance scale. 
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Table 1. Distribution of PVST:R scores (percent correct) by gender  
Note: Students with scores below 60% are considered at risk for attrition from engineering programs 

 

PVST:R scores 

(% correct) 

Number of males 

(n=184) 
% of males Number of females 

(n=61) 
% of females 

90-100% 50 27.2 11 18.0 

80-89% 60 32.6 11 18.0 

70-79% 36 19.6 14 23.0 

60-69% 22 12.0 13 21.3 

50-59% 10 5.4 7 11.5 

40-49% 4 2.2 2 3.3 

30-39% 2 1.1 3 4.9 

<30% 0 0.0 0 0.0 

 

 

Figure 1. Distribution of PVST:R scores (percent correct) by gender 
    N=245: 184 Males, 61 Females 
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When looking at the effect of gender and PVST:R test score on high school GPA, we found that, 

for both males and females, GPA was not predictive of PVST:R test score (p=0.36), but gender 

had a significant effect on high school GPA, with women having higher GPA’s across all 

performance levels of the PVST:R (p<0.0001). 

 

Using the ACT math score as the response variable, we found, for both men and women, that 

there was a significant association between ACT math scores and PVST:R test score (p=0.004) 

with a higher ACT math score associated with a higher PVST:R test score. Gender, however, 
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was found not to have a significant effect on ACT math score, again, looking across all 

performance levels of the PVST:R (p=0.47). 

 

When the ACT composite score was used instead of the ACT math score, the relationship 

between ACT score and PVST:R test score was still evident but at a much less significant level 

(p<0.04). Again, gender was found not to have a significant effect on ACT composite score, 

looking across all performance levels of the PVST:R (p=0.14). 

 

Results from the initial retention survey (Survey 1) found significant differences (p<0.05) for 

eight variables: female students reported being less confident that engineering was the right 

career for them; less prepared in science; less prepared using graphical tools; more confident in 

writing ability; more prepared for public speaking; more confident in time-management skills; 

more confident accessing support; and they reported expecting to study more hours during their 

first semester in college. Highly significant differences (p≤0.0001) were found for seven 

variables: female students were: less confident in the use of technology; less confident in 

engineering ability; less confident using graphical tools; less prepared using technology; less 

prepared in engineering; and reported spending more hours studying per week in high school 

than their male counterparts.  Lastly, there were highly significant differences, by gender, for 

choice of living arrangements during their first semester in college (learning communities vs. 

other on-campus housing). See Table 2. 

 

Interestingly, there were no reported differences, by gender, for self-confidence in math ability 

(p=0.24), self-confidence in speaking ability (p=0.14), self-rated levels of math preparation 

(p=0.14), self-rated levels of writing preparation (p=0.07), whether the student had completed a 

calculus (not precalculus) course prior to starting college (p=0.43), or whether they were 

comfortable initiating support (p=0.11). 

 

The retention survey was repeated during the first week of second semester, January 2003, in a 

required engineering course (Survey 2). We first analyzed the results of Survey 1 and Survey 2 

by comparing the percent (%) distribution of responses from Survey 1 to Survey 2 separately for 

males and females. 

 

Male students reported decreased self-confidence in science ability (p=0.05) but increased self-

confidence in writing ability (p=0.01).  They rated their preparation in science significantly 

lower (p=0.003) but rated their writing preparation significantly higher (p=0.008). See Table 3. 

 

Female students reported significantly increased self-confidence in engineering ability (p=0.004) 

as well as in writing ability (p<0.02).  They rated their preparation in the use of technology 

significantly lower with an increase of almost 20.0% reporting in the not at all prepared category 

(p=0.01).  Females rated their preparation in speaking higher than in Survey 1 (p<0.02). See 

Table 4. 

 

Both male and female students reported studying fewer hours than anticipated during their first 

semester in college (p<0.0001 and p<0.01, respectively). The largest proportion of male students 

(38.56%) reported spending 6-10 hours studying per week with another 34.64% reporting in the 

11-20 hours per week category, representing over 70% of all male students.  The largest 
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proportion of female students (42.86%) was found in the 11-20 hours per week category while 

another 30.36% reported studying 21-30 hours per week, representing over 70% of all female 

students. See Tables 3 and 4. 

 

 

Table 2. P-values, odds ratios, and 95% confidence intervals for retention survey 

questions showing highly significant differences by gender (p<0.001) 

 

Retention survey question p-value Direction of 

difference 

Odds 

ratio 

Confidence 

interval 

Self-confidence in your ability to use technology 

(use of computers and software packages) 
<0.0001 Men more 

confident 
4.35 2.43, 7.79 

Self-confidence in your engineering ability 

(using math & science to solve real-world problems) 
<0.0001 Men more 

confident 
3.52 1.94, 6.39 

Self-confidence in your ability to use graphical tools 

(programs such as CAD) 
<0.0001 Men more 

confident 
4.47 2.52, 7.93 

Level of preparation in technology   

(use of computers and software packages) 
=0.0001 Men more 

prepared 
2.92 1.67, 5.11 

Level of preparation in engineering 

(using math & science to solve real-world problems) 
<0.0001 Men more 

prepared 
3.68 2.04, 6.63 

Level of preparation using graphical tools 

(programs such as CAD) 
=0.0006 Men more 

prepared 
2.67 1.52, 4.71 

Self-confidence in your time-management skills =0.0007 Women more 

confident 
3.15 1.65, 6.02 

Number of hours per week, on average,  

that you studied during high school 
<0.0001 Women studied 

more 
3.69 2.08, 6.53 

How many hours per week, on average,  

do you expect to study this semester 
=0.0002 Women expect 

to study more 
* * 

Where are you living this semester 

(Learning Community vs. other on-campus housing) 
<0.001 Women more apt 

to live in LC’s 
** ** 

* Unable to calculate an odds ratio or a confidence interval because the assumptions of the proportional logit 

model were not met 

** Unable to calculate an odds ratio or a confidence interval using the proportional logit model because the data 

are not ordinal 

 

 

Table 3. Significant shifts in the percent (%) distribution of responses for males,  

Survey 1 vs. Survey 2 

 

a. How would you rate your self-confidence in the following academic areas: 

 

Science ability 

p=0.05 
Completely 

confident 

Very 

confident 

Moderately 

confident 

Slightly 

confident 

Not at all 

confident 

Survey 1 25.56 51.67 21.11 1.67 0.0 

Survey 2 14.84 50.97 32.26 1.94 0.0 
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Writing ability 

p=0.01 
Completely 

confident 

Very 

confident 

Moderately 

confident 

Slightly 

confident 

Not at all 

confident 

Survey 1 12.78 31.67 39.44 13.33 2.78 

Survey 2 19.87 37.18 32.69 8.97 1.28 

 

b. How would you rate your preparation in the following academic areas: 

 

Science preparation 

p=0.003 
Completely 

prepared 

Very 

prepared 

Moderately 

prepared 

Slightly 

prepared 

Not at all 

prepared 

Survey 1 25.56 48.33 22.78 2.78 0.56 

Survey 2 10.90 55.13 28.21 4.49 1.28 

 

Writing preparation 

p=0.008 
Completely 

prepared 

Very 

prepared 

Moderately 

prepared 

Slightly 

prepared 

Not at all 

prepared 

Survey 1 10.56 38.89 38.33 11.11 1.11 

Survey 2 19.87 41.67 30.77 6.41 1.28 

 

c. How many hours per week, on average, do you expect/did you study your first semester? 

 

Hours of study 

p<0.0001 
0-5 hours 6-10 hours 11-20 hours 21-30 hours >30 hours 

Survey 1 3.91 19.55 56.98 15.08 4.47 

Survey 2 13.73 38.56 34.64 11.11 1.96 

 

 

Table 4. Significant shifts in the percent (%) distribution of responses for females,  

Survey 1 vs. Survey 2 

 

a. How would you rate your self-confidence in the following academic areas: 

 

Engineering ability 

p=0.004 
Completely 

confident 

Very 

confident 

Moderately 

confident 

Slightly 

confident 

Not at all 

confident 

Survey 1 5.00 25.00 60.00 10.00 0.0 

Survey 2 10.71 46.43 39.29 3.57 0.0 

 

Writing ability 

p<0.02 
Completely 

confident 

Very 

confident 

Moderately 

confident 

Slightly 

confident 

Not at all 

confident 

Survey 1 20.00 38.33 36.67 5.00 0.0 

Survey 2 35.71 39.29 25.00 0.0 0.0 
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b. How would you rate your preparation in the following academic areas: 

 

Technology preparation 

p=0.01 
Completely 

prepared 

Very 

prepared 

Moderately 

prepared 

Slightly 

prepared 

Not at all 

prepared 

Survey 1 5.00 31.67 35.00 28.33 0.0 

Survey 2 3.57 17.86 39.29 19.64 19.64 

 

Speaking preparation 

p<0.02 
Completely 

prepared 

Very 

prepared 

Moderately 

prepared 

Slightly 

prepared 

Not at all 

prepared 

Survey 1 13.33 40.00 40.00 6.67 0.0 

Survey 2 28.57 41.07 28.57 1.79 0.0 

 

c. How many hours per week, on average, do you expect/did you study your first semester? 

 

Hours of study 

p<0.01 
0-5 hours 6-10 hours 11-20 hours 21-30 hours >30 hours 

Survey 1 1.67 3.33 46.67 48.33 0.0 

Survey 2 5.36 19.64 42.86 30.36 1.79 

 

 

We next assessed the change in scaled responses, Survey 1 to Survey 2, by coding individual 

responses from baseline into one of three categories: increased (as in an increase in their scaled 

rating of self-confidence or preparation), stayed the same, or decreased (as in a decrease in their 

scaled rating of self-confidence or preparation). Data were then analyzed for differences in the 

direction and magnitude of change, comparing males and females. Understanding that the 

magnitude of the shifts in scaled responses, up or down, could be affected by the placement of 

the initial mean along the scale (the higher the initial mean, the less room for upward change and 

conversely, the lower the initial mean, the less room for downward change), an initial mean for 

scaled responses, male and female, will be reported with significant results. 

 

In response to the survey question asking students to rate their self-confidence in the use of 

graphic tools, a significant proportion of both male and female students reported a decrease in 

self-confidence (32.68% and 32.73%, respectively), although female students reported increased 

self-confidence with graphic tools at almost twice the level of their male counterparts (43.55% 

and 18.30%, respectively). See Table 5. 

 

Scaled responses for self-confidence in speaking ability also shifted significantly from Survey 1 

to Survey 2 with the most pronounced differential movement occurring in the percent decreased 

category with male students reporting a decreased level of self-confidence in their speaking 

ability at three times the rate of women students (21.57% and 7.27% respectively). A significant 

proportion of students, both male and female, reported increased self-confidence in their 

speaking ability (28.10% and 29.09% respectively). 
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The last question that produced a significant and differential change in responses from Survey 1 

to Survey 2, asked students to rate their preparation in the use of technology. Over fifty-six 

percent (56.36%) of female students reported a decrease in the rating of their preparation to use 

technology, with just under 11% reporting an increase. For males, 31.37% reported a decrease 

with 15.03% reporting an increase. See Table 5. 

 

Table 5. Distribution of percent (%) change in scaled responses, males vs. females, from 

Survey 1 to Survey 2. 

 

a. How would you rate your self-confidence in the following academic areas: 

 

  Graphical tools ability** 

p<0.03 
% Increased % Stayed the same % Decreased Initial mean score* 

Males 18.30 49.02 32.68 3.37 

Females 34.55 32.73 32.73 2.40 

* Initial mean score of scaled responses from 1 to 5 with 1 representing the least self-confident or prepared  

 and 5 representing the most self-confident or prepared. 

**  Defined as the use of programs such as CAD. 

 

Speaking ability 

p=0.05 
% Increased % Stayed the same % Decreased Initial mean score* 

Males 28.10 50.33 21.57 3.83 

Females 29.09 63.64 7.27 3.55 

 

b. How would you rate your preparation in the following academic areas: 

 

Technology*** 

P<0.005 
% Increased % Stayed the same % Decreased Initial mean score* 

Males 15.03 53.59 31.37 3.91 

Females 10.91 32.73 56.36 3.12 

* Initial mean score of scaled responses from 1 to 5 with 1 representing the least self-confident or prepared  

and 5 representing the most self-confident or prepared. 

***  Defined as the use of computers and software packages. 

 

Longitudinal data from the May 2003 survey (Survey 3) are now being analyzed in relationship 

to the two previous surveys.  Grades for first and second semester math and engineering courses 

have been collected and will be analysed in conjunction with PVST:R scores. First-year retention 

in engineering will also be assessed. 

 

Discussion 

 

Although women constitute 46% of the U.S. workforce, they make up only 9% of full-time 

engineers,
23

 despite increasing advocacy in both academic and corporate spheres over the last 20 

years. Individual women are excelling at every level of performance but the pipeline never seems 

to get much larger. Is it just a matter of reaching the ill-defined critical mass?  If that were the 
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case, we should have experienced more progress attracting and retaining women in engineering, 

computer science and the physical sciences, as they have been attracted to the medical and 

biological sciences.  

 

So why can’t we increase retention rates in undergraduate engineering programs or at least 

stabilize attrition rates for women at comparable levels with their male counterparts? 

 

These questions are not new. The answers are also not forthcoming. 

 

The data presented in this paper outline some surprising and some not so surprising phenomena.  

The difference in performance on the PVST:R found in the first-year engineering student 

population at the University of Iowa, with males demonstrating more facility than females, 

mirrors not only the historical psychological literature of Linn and Peterson
2
 for general 

populations but also that found by Sorby
20

 and others when looking at engineering populations. 

 

If, as Deno
14

 postulates, visual-spatial ability is more related to experiential learning, especially 

in childhood, than to intrinsic cognitive factors, is it surprising that we often see a difference 

between men and women and their comfort level working in a spatial environment? Not if we 

look honestly and critically at the different patterns of socialization that are still very evident in 

our society. These patterns necessitate interventions which will attempt to address the paucity of 

women’s prior experience working or playing in spatial environments. 

 

In this study, the initial reported differences in preparation and self-confidence, by gender, were 

surprising and disconcerting.  That first-year women in engineering were less confident and felt 

less prepared to use technology and especially computer graphic tools, was not in itself 

surprising, but the magnitude of the difference was.  Tracking changes in those variables over the 

first semester of the college experience produced some interesting results.  Over time, patterns 

may emerge that will inform our efforts and make our support and interventions more effective. 

 

If undergraduate women are being adversely affected by less well-developed visual-spatial skills 

and, as this study suggests, experiencing a concurrent decrease in their levels of self-confidence 

in areas critical to engineering such as the use of technology, software and computer graphics 

tools, is it surprising that they might choose to leave engineering to pursue a discipline that 

perhaps increases their self-confidence and, by extension, their perceived self-worth? 

 

How then might we address the issue of lower self-confidence in the use of specific technical 

skills among female undergraduate engineering students? First, it is important that we not make 

assumptions about students’ abilities or experience in general, and, in particular, when designing 

curricula.  Second, we must expose students to increased opportunities for hands-on learning and 

provide opportunities to embrace multiple learning styles. Third, it is critical that we sensitize 

faculty to issues of ‘difference’ in the classroom so that they become the first-line of defense 

against previously unacknowledged or unrecognized systemic bias that disproportionately affects 

the attrition rates of women and students of color. 
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Perhaps we also need to be a little less involved in the grand theoretical debate about the 

anatomical, physiological or psychological etiology of ‘difference’ and be more involved with 

and informed by those within our own community - academic, professional or otherwise. 

 

Conclusion  

 

This study was initiated because three first-year engineering women approached the Director of 

the Women in Science and Engineering (WISE) Program at the University of Iowa to express 

great concern about their apparent inability to perform simple tasks using CAD during one of 

their first-semester engineering courses.  They were so intimidated by the ease and facility with 

which the other students approached these tasks that they would not publicly identify their 

difficulty by asking the professor for assistance. At the end of their first year in engineering, one 

of these young women dropped out of the College of Engineering to pursue a degree in 

Pharmacy, another switched to a non-engineering, non-science major. 

 

The study outlined in this paper has, to this point, done little to clarify the global issues 

surrounding the increased attrition rates of women in engineering, but it has raised some 

important questions and, over time, may provide some novel and important contributions to the 

current body of literature.   

 

Further Research  
 

Phase Two of this study will involve adapting the highly successful Introduction to 3D Spatial 

Visualization: An Active Approach training program developed at Michigan Technological 

University (MTU) by Dr. Sheryl Sorby and her colleagues with support from The National 

Science Foundation (NSF).
24

 Unlike MTU, where there is a discrete course using the Sorby 

training program to increase facility with spatial-visualization tasks, we hope to identify the most 

influential modules in the Sorby training program and imbed them into required first-year 

engineering courses. During Phase Two we will be following all of the testing and monitoring 

procedures used in Phase One, with the addition of the intervention variable. 

 

Phase Three will involve working with the UI Center for Teaching to develop a series of K-12 

teacher training sessions outlining the importance of integrating spatial-visualization training into 

the math and science curriculum as well as providing workshops to train teachers in the 

utilization of currently available curricular support materials.  

 

Concurrent with this study, we are also investigating differential responses to individual 

questions on the PVST:R by gender, looking specifically at issues related to processing, such as 

direction of rotation and the loss of cues (landmarks) during rotation.
25,26,27,27,28

 Secondarily, we 

are developing methods to test rotational task processing, accuracy and response time using 

eyetracking. Both of these studies are exploring ways to test factors suggested by Linn and 

Peterson in their meta-analysis of visual/spatial/rotational studies in 1985,
2
 where they observed 

[the sex difference] may result from differential rate of rotation, differential efficiency of strategy 

application, differential use of analytic processes, or differential caution.  
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