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Abstract

The current study evaluated sex differences in (1) self-perceptions of everyday and academic 

spatial ability, and (2) metacognitive monitoring accuracy for measures of spatial visualization and 

spatial orientation. Undergraduate students completed the Paper Folding Test, Spatial Relations 

Test, and the Revised Purdue Spatial Visualization Test while making confidence judgments (CJs) 

for each trial. They also made global estimates of performance and rated their ability to perform 

several everyday and academic spatial scenarios. Across multiple spatial measures, female 

students displayed lower confidence in their item-level monitoring and global assessments of 

performance than did male students, even when no actual differences in spatial performance 

occurred. Women were also less confident in their self-assessments of their visualspatial ability for 

scientific domains than were men. However, the absolute and relative accuracy of CJs did not 

differ as a function of sex suggesting that women can monitor their spatial performance as well as 

men.
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1. Introduction

Spatial cognition is a multifaceted construct encompassing the mental operations involved in 

visualizing, remembering, manipulating, and reasoning about the location and orientation of 

objects and places (Carroll, 1993; Hegarty & Waller, 2005; Michael, Guilford, Fruchter, & 

Zimmerman, 1957). It is utilized in many everyday tasks such as remembering the location 

of your house keys, packing a suit case, assembling objects like furniture, and navigating to 
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both familiar and unfamiliar locations. Spatial cognitive processing even facilitates learning 

and reasoning in science, technology, engineering, and mathematics domains (STEM), 

presumably because conceptual information in these domains requires one to think and 

reason spatially about important domain relevant information (Burnett, Lane, & Dratt, 1979; 

Kozhevnikov, Motes, & Hegarty, 2007; Orion, Ben-Chaim, & Kali, 1997; Newcombe, 2016; 

Pribyl & Bodner, 1987; Sanchez & Wiley, 2014; Uttal & Cohen, 2012; van Garderen, 2006; 

Wai, Lubinski, & Benbow, 2009). For example, identifying chirality in stereochemistry 

involves visualizing the mirror image of a molecule and mentally rotating it until it aligns on 

itself (see Uttal & Cohen, 2012). Understanding and applying Newton’s first law in physics 

involves knowing how an object’s speed and trajectory are impacted by other forces. Even 

understanding the biological structure of animal cells such as how the sodium potassium 

pump functions is an inherently spatial concept because it focuses on the movement and 

location of sodium and potassium ions in relation to the plasma membrane of cells.

Given the critical importance of spatial cognition for both every day and academic domains, 

people need to be able to accurately monitor their spatial cognitive performance. Inaccurate 

monitoring of one’s spatial abilities could have several negative implications. One 

implication is that students who are underconfident in their spatial ability may choose not to 

use spatial strategies during learning. They may even be reluctant to pursue coursework or 

careers that require routine spatial thinking (e.g, STEM fields). This may be especially true 

for female students because (a) they believe they have lower spatial ability than male 

students (for a review, see Syzmanowicz & Furnham, 2011) and they are more likely to 

experience anxiety when engaging in spatial processing (Maloney, Waechter, Risko, & 

Fugelsang, 2012). Thus, identifying whether sex differences are present in metacognitive 

monitoring accuracy and how to improve monitoring accuracy in spatial domains could have 

important applied implications. The current study examined potential sex differences in 

metacognitive monitoring of spatial cognition in everyday, academic, and traditional 

psychometric measures of spatial cognition.

Extensive research has focused on understanding when and why sex differences are 

observed in spatial cognition (Halpern & Collaer; 2005; Maeda & Yoon, 2013; Voyer, 

Postma, Brake, & Imperato-McGinley, 2006; Voyer, Voyer, & Bryden, 1995; Voyer, Voyer, 

& Saint-Aubin, 2017). Substantial sex differences in performance favoring males over 

females are present for many measures of spatial processing (Halpern & Collaer, 2005). 

Males typically outperform female students on measures of visual spatial working memory, 

navigation, spatial orientation (e.g., mental rotation), and spatial visualization (one’s ability 

to mentally transform objects into new forms). However, sex differences are not present for 

spatial tasks that focus on long-term object location memory. Women often outperform men 

on many episodic memory tasks; especially verbal memory tasks (Herlitz & Rehnman, 

2008; Herlitz, Nilsson, & Backman; 1997).

Despite this large body of research examining sex differences in spatial cognitive 

performance, few experiments have focused on potential sex differences in metacognitive 

monitoring accuracy in spatial domains (e.g., Cooke-Simpson & Voyer, 2006; Estes & 

Felker, 2012). The available evidence suggests that female students may be less accurate at 

evaluating their spatial performance than male students. However, this evidence is based 
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primarily on monitoring accuracy of confidence judgments for item responses on the 

Vandenberg and Kuse (1978) mental rotation test (Cooke-Simpson & Voyer, 2006). Sex 

differences in item-level monitoring accuracy have not been evaluated for any other spatial 

task. There is extensive research on sex differences in global self-assessments of spatial 

ability (for review, see Syzmanowicz & Furnham, 2011) and a few studies have evaluated 

age differences in monitoring accuracy for visual spatial working memory (Ariel & Moffat, 

2018; Thomas, Bonura, Taylor, & Brunyé, 2012) and tasks measuring spatial visualization 

(e.g. Paper Folding Test), spatial orientation (mental rogation), and spatial navigation (Ariel 

& Moffat, 2018). The remaining research examining spatial performance monitoring has 

focused on monitoring accuracy for spatial judgments about length (Schraw, Dunkle, 

Roedel, & Bendixen, 1995) and spatial reasoning on the Raven’s Progressive Matrices Test 

(Mitchum & Kelly, 2010; Schraw & Nietfeld, 1998) without considering potential individual 

differences.

Only a few studies have explored whether there are sex differences in metacognitive 

monitoring accuracy in non-spatial domains (Lichtenstein & Fischhoff, 1981; Lundeberg, 

Fox, & Punćcohaŕ, 1994; Hertzog, Dixon, & Hultsch; 1990). Lichtenstein and Fischhoff 

(1981) evaluated sex differences in monitoring memory for general knowledge questions and 

found no evidence for sex differences in monitoring ability. Hertzog, Dixon, and Hultsch 

(1990) examined sex and age differences in monitoring memory for categorized lists and 

narrative text recall. Women were more underconfident in their memory for categorized lists 

than were men but women were more accurate than men at monitoring their narrative text 

recall. Finally, Lundelberg, Fox, and Punchochar (1994) examined sex differences in 

memory for content from an undergraduate psychology research methods course. Male 

students were more overconfident in their memory for incorrect information than female 

students. Taken together, the limited available evidence suggests that sex differences may be 

present in some domains (memory for categorical lists, narrative text recall) and not others 

(general knowledge), and there does not appear to be clear evidence for a general male or 

female advantage in monitoring ability.

The limited research examining sex differences in monitoring spatial cognition is especially 

surprising because sex differences in spatial cognitive performance have been indirectly 

linked to metacognitive variables. For example, female students are more likely than male 

students to withhold low confidence responses that are accurate on the mental rotation test 

which contributes to observed sex differences in performance (Cooke-Simpson & Voyer, 

2006). They also adopt different strategies than male students to solve spatial problems 

(Allen & Hogeland, 1978; Goldstein, Haldane, & Mitchell, 1990; Lohman, 1986; Miller & 

Santoni, 1986; Kail, Carter, & Pellegrino, 1979; Pena, Contreras, Shih, & Santacreu, 2008; 

Prinzel & Freeman, 1995; Raabe, Hoger, & Delius, 2006; Tapley & Bryden, 1977). During 

mental rotation, males are more likely to use a holistic strategy that involves mentally 

rotating an entire object, whereas female students are more likely to use an analytic strategy 

that involves mentally rotating smaller pieces of an object and comparing each piece to 

components of potential response options (Raabe, Hoger, & Delius, 2006). These differences 

in strategy preference may be due to differences in the accuracy of monitoring strategy 

effectiveness.
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Sex differences in spatial strategy use could also cause sex differences in item-level 

monitoring accuracy. Metacognitive monitoring is an inferential process that involves 

evaluating cues (e.g. item characteristics, processing fluency, etc.) that are present at the time 

of a monitoring judgment and applying beliefs or heuristics to infer the quality of these 

processes (Dunlosky & Tauber, 2014; Koriat, 1997, Schwartz, Benjamin, & Bjork 1997). 

Different strategies can afford access to different cues during monitoring that vary in 

diagnosticity (Mitchum & Kelly, 2010). In spatial domains, holistic spatial strategy use may 

afford access to cues associated with generating and manipulating spatial representations for 

items (e.g., processing fluency, vividness of imagery, etc.) that would not be present when 

people use nonholistic analytical strategies. Thus, one mechanism that could produce sex 

differences in monitoring accuracy is differences in cue utilization caused by sex differences 

in strategy preferences.

Metacognitive monitoring accuracy is typically evaluated by comparing performance 

accuracy on multiple trials of a target task to metacognitive judgments of performance on 

those trials (e.g, confidence judgments). Absolute accuracy (also referred to as calibration) 

refers to whether the average magnitude of an individual’s judgments corresponds to their 

overall level of performance. Relative accuracy refers to one’s ability to discriminate 

between correct and incorrect spatial task decisions (i.e., manifest higher confidence for 

correct than for incorrect item responses). In the current experiment, we compared sex 

differences for both absolute and relative accuracy on measures of spatial orientation and 

spatial visualization.

In addition to examining monitoring accuracy in spatial visualization and spatial orientation 

tasks, we also included measures of visual spatial working memory (Symmetry Span, 

Oswald et al., 2015) which typically favor male students over female students (for a review, 

see Voyer, Voyer, & Saint-Aubin, 2017) and general fluid intelligence (Raven’s Progressive 

Matrices; Raven, Raven, & Court, 1998) which sometimes produce small sex differences 

also favoring males (Lynn & Irwing, 2004; Irwing & Lynn, 2005). Most important, we also 

examined sex differences in students’ subjective assessments of their performance ability 

and experience in several contexts using a modified version of Salthouse and Mitchell’s 

(1990) Spatial Experience Questionnaire. The Spatial Experience Questionnaire presents 

participants with spatial scenarios that one might encounter in their daily life (e.g., 

imagining different arrangements of furniture, visualizing travel directions, considering how 

a building would look from a different vantage point) and prompts them to rate their general 

ability, recent experience, and cumulative experience performing the specified spatial task. 

We modified it by adding four additional items to examine STEM related spatial thinking 

(e.g., visualizing mathematical relationships, micro-level concepts in biology or chemistry, 

concepts in physics, and locations/direction in anatomy). These new questions allowed us to 

contrast potential sex differences in perceptions of everyday spatial ability and academic 

spatial ability.

Students who are proficient in reasoning spatially during routine daily activities, may not 

necessarily be proficient in reasoning spatially in academic domains. Reasoning skills for 

day-to-day tasks do not always transfer to similar academic tasks (Reeve, Palinesar, & 

Brown, 1987). For example, some students can complete complex mathematical 
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computations during daily activities like grocery shopping, but they fail to complete similar 

math problems in the classroom (Carraher, Carraher, & Schliemann, 1985; Lave, 1988). 

Likewise, a student who is adept at visualizing the spatial orientation of objects when 

arranging furniture or packing a suitcase, may not be able to apply these same mental 

rotation skills to solve stereochemistry or other STEM related problems. Thus, we chose to 

examine students’ experience and perceptions of their academic spatial ability separately 

from their everyday spatial ability.

2 Method

2.1. Participants.

Two hundred and thirty-three undergraduate students at the Georgia Institute of Technology 

participated in this experiment for course credit in an introductory psychology course (144 

males and 89 females). Our final sample size was not selected a priori. Instead, we recruited 

as many students as possible across the academic year and terminated data collection when 

our research pool closed. The majority of students recruited were STEM majors (90% of 

males and 85% of females). Most of these students were pursuing a degree in engineering 

(53% of males and 56% of females). The remaining students were pursuing science 

(biology, chemistry, or physics: 3% of males and 13% of females), technology (computer 

science or computational media: 33% of males and 15% of females), or mathematics degrees 

(1% of males and 1% of females).

2.2. Materials & Procedure.

All participants were tested individually. Each task except for a demographic survey was 

administered by computer using a customized program. Tasks were administered in the 

following order: (1) Demographic Survey, (2) Spatial Experience Questionnaire, (3) Raven’s 

Progressive Matrices, (5) Symmetry Span Task, (6) Paper Folding Test, (7) Spatial Relations 

Test, and (8) Revised Purdue Spatial Visualization Test. Since we were interested in 

evaluating individual differences across tasks, we chose to keep the fixed task order identical 

for all participants (for rationale, see Carlson & Moses, 2001).

The reliability for each spatial performance measure was examined by computing 

Cronbach’s α reliability coefficient (rα). Each task displayed high reliability (Spatial 

Experience Questionnaire: rα = .78; Paper Folding test: rα = .76; Spatial Relations test: rα 
= .87; PSVT:R: rα = .89). The procedure for each task is described in detail below.

2.2.1. Spatial Experience Questionnaire.—Participants first completed an adapted 

version of Salthouse and Mitchell’s (1990) Spatial Experience Questionnaire to measure 

beliefs and experience performing several different daily spatial tasks. This questionnaire 

prompted participants to rate their recent experience (average hours per week), cumulative 

experience (number of years performed), and their beliefs about their ability to perform a 

number of different spatial tasks (rated on a scale from 1 to 10) including imagining 

different arrangements of objects like furniture, devising efficient ways for packing or 

loading a box, and visualizing travel directions from a verbal description (See Table A1 in 

the Appendix for the complete question set). Four additional items were added to this 
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questionnaire to assess beliefs and experience using spatial processes in educational domains 

including imagining mathematical relationships, biological concepts, physics concepts, and 

visualizing anatomy (see questions 10 to 13 in Table A1). We also added 2 additional ratings 

to each questionnaire that prompted students to rate their performance on a scale from 1 to 

10 relative to other students of the same and opposite gender. However, these ratings were 

nearly identical to the standard ability ratings students provided, so we do not discuss them 

further.

2.2.2. Raven’s Progressive Matrices.—A computerized version of Raven’s 

Progressive Matrices (Raven, Raven, & Court, 1998) was administered to assess non-verbal 

fluid intelligence. The task consisted of 18 trials ordered ascending in their normative 

difficulty adapted from Stanovich and Cunningham (1993). On each trial, a display of 3 × 3 

array was presented consisting of 8 geometric figures with a missing 9th figure presented in 

the bottom right-hand position of the array. Participants could choose from 8 potential 

figures positioned below the 3 × 3 array to complete the pattern. Participants had 12 minutes 

to complete this task.

2.2.3. Symmetry Span Task.—A shortened version of the Symmetry Span task was 

administered to examine sex differences in visual-spatial working memory (Oswald et al., 

2015). This complex span task consists of alternating distractor and memory trials. 

Participants are first asked to judge whether a shape is vertically symmetrical (distractor 

trial). Next, a to-be remembered red box is presented in one location of a 4 × 4 grid 

(memory trial). This is followed by another distractor trial and a new memory trial for 2 to 5 

additional times. After the last presentation of the set, participants are instructed to click 

boxes in the grid in the order they appeared during the memory trials. Memory loads range 

from 2 to 5 and participants are tested on each memory load once.

2.2.4. Paper Folding.—The VZ-2 Paper Folding test was modified to examine sex 

differences in monitoring and performance for spatial visualization (French, Ekstrom, & 

Price, 1985). The task consisted of 20 trials presented in a randomized order where on each 

trial participants viewed a drawing of a paper folded one to three times. Participants were 

instructed to visualize that a circular hole was punched into the folded paper and then to 

select among 5 response options the piece of paper that contains the hole located in the 

correct locations when unfolded. They chose a response option by clicking a button below it. 

After selecting their response, they rated their confidence in the accuracy of their selection 

by moving a slider to any value between 0 (not at all confident) and 100 (extremely 

confident). Participants then viewed a screen for 2 seconds instructing them to get ready for 

the next trial. Before beginning the task, participants were asked to make a global prediction 

about the percentage of trials they believed they could answer correctly. After completing 

the task, they also made global postdictions about the percentage of trials they believed they 

performed correctly. All predictions were made by moving a slider between values of 0 and 

100.

2.2.5. Mental Rotation.—Monitoring differences in spatial orientation were examined 

using a modified version of Thurstone and Thurstone’s (1947) Spatial Relations test which 
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involved 2-dimensional (2-D) mental rotation. The task consisted of 30 trials in which 

participants viewed a 2-D drawing and then 5 response options containing either identical 

drawings rotated into a different orientation or similar but different drawings presented in 

various orientations. The goal is to select any option that is the same as the target drawing 

and multiple options can be correct on any given trial. Participants were instructed to select 

the response options that were identical but rotated differently on each trial by clicking a 

check box below each one. After selecting response options, participants clicked a button to 

indicate they were finished. They then were instructed to make a CJ using the following 

prompt: “How confident are you that you selected the correct figures?”. After moving the 

slider to make their CJ, they were instructed to get ready for the next trial and following a 1 

s delay the procedure above repeated until all trials were completed. Participants made 

global CJs before and after completing the Spatial Relations test in the same manner as the 

previous task.

2.2.6. Revised Purdue Spatial Visualization Test.—An altered version of the 

Revised Purdue Spatial Visualization Test (PSVT:R) was administered to examine 

monitoring spatial orientation for complex 3-dimensional (3-D) objects (Guay, 1977; 

Branoff, 2000). The original task consists of 30 trials where participants view a 3-D object 

oriented in an initial position and then rotated on its x, y, or z plane into a different 

orientation. A third object is presented and participants must choose among 5 response 

options, the option that presents the new object rotated in an identical manner to the 

reference object. Before the response options were presented, participants rated how 

confident they were that they could identify the correct figure using the same scale and slider 

method used to rate confidence in the Spatial Relations test and Paper Folding test. After 

making this CJ, the 5 response options were presented and participant selected the option 

that they believe was the target figure rotated in the position specified by the reference 

object. After completing all 30 trials, participants, made a global CJ in the same manner as 

the previous task. Participants made global CJs before and after completing the PSVT:R in 

the same manner as the previous task.

3. Results

All analyses were preplanned except for analyses of the Spatial Experience Questionnaire. 

In all cases, analyses were exploratory because specific predictions were not made about the 

nature of sex differences that might be encountered for each measure. Unless noted 

otherwise, conclusions about sex differences were determined by examining confidence 

intervals of effects sizes (Cohen’s d).

3.1. Spatial Reasoning and Visual Spatial Working Memory Measures.

Table 1 shows the mean performance for males and females on the Raven’s Progressive 

Matrices and Symmetry Span Task, and corresponding t-tests. Consistent with previous 

findings, male students performed significantly better on the symmetry span task than 

female students. There were no sex differences in performance on the Raven’s Progressive 

Matrices task.
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3.2. Spatial Orientation and Spatial Visualization Measures.

Table 1 also shows male and female students’ mean performance measures, confidence 

judgments, global predictions, and global postdictions for the Paper Folding test, Spatial 

Relations test, and the PSVT:R. There were no significant sex differences in performance on 

the Paper Folding test or the Spatial Relations test, but male students did outperform female 

students on the PSVT:R. Although females performed as well as male students on several 

spatial tasks, female students consistently predicted lower performance than male students 

on all spatial tasks. They generated lower mean CJs, global predictions, and global 

postdictions for each test, producing significant sex differences in every task and for each 

prediction type except for global predictions for the Paper Folding test.

3.3. Metacognitive Monitoring Accuracy.

Table 2 presents the mean absolute and relative accuracy of item-level CJs for male and 

female students for the spatial orientation and spatial visualization measures. Absolute 

accuracy of CJs were examined by computing the calibration component of Murphy’s 

(1973) decomposition of a Brier score for each participant.1 Calibration scores near zero 

reflect perfect absolute accuracy with increasing values reflecting deviations from perfect 

accuracy. Relative accuracy was examined by computing GoodmanKruskal gamma 

correlations between CJs and performance for each individual on each task (for rationale, 

see Gonzalez & Nelson, 1996; Nelson, 1984). Table 2 shows that male and female students 

were equally accurate in terms of both their absolute and relative accuracy for all spatial 

measures except for the relative accuracy of performance on the PSVT:R. Surprisingly, 

female students displayed higher relative accuracy on the PSVT:R than did male students. 

Apparently they were better able to discriminate correct from incorrect responses, even 

though males performed better on the test. These findings are inconsistent with previous 

research that indicates male students are more accurate at monitoring their performance in 

mental rotation tasks than female students (Cooke-Simpson & Voyer, 2006).

Absolute accuracy for students’ global self-assessments of their performance on the same 

spatial visualization and spatial orientation measures was computed by subtracting each 

student’s global predictions and global postdictions for each task from their actual 

performance (See Table 3). Values of zero reflect perfect absolute accuracy with positive 

deviations from zero reflecting overconfidence and negative values reflecting 

underconfidence. Table 3 shows that both male and female students were underconfident in 

their global predictions and postdictions for their performance on the Spatial Relations Test 

and PSVT:R but their estimates were well calibrated for the Paper Folding Test. There were 

no sex differences in the degree of underconfidence students displayed for either predictions 

or postdictions on the PSVT:R or for predictions of performance on the Spatial Relations 

Test. Absolute accuracy for global postdictions of performance for the Spatial Relations Test 

were significantly lower for females than male students which indicates that female students 

1Group differences in absolute accuracy can be difficult to interpret when the magnitude of each group’s metacognitive judgments are 
similar but performance differs or groups differ in performance but produce similar magnitudes of judgments (for rationale, see 
Connor, Dunlosky, & Hertzog, 1997). In such scenarios, group differences in measures of absolute accuracy may not reflect true 
differences in under or over confidence. In the current study, interpretation of absolute accuracy is not likely to be ambiguous because 
the above conditions did not occur for any of our spatial measures.
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were more underconfident in their performance than male students after completing the 

Spatial Relations Test. There were no sex differences for either global predictions or 

postdictions for the Paper Folding test.

Relative accuracy for global predictions and postdictions were examined by correlating 

students’ estimates of performance with their actual performance. Fisher r-to-z tests 

indicated that there were no sex differences in the relative accuracy for global prediction of 

performance for the Spatial Relations Test (Male: r = .22, p = .01; Female: r = .37, p = .001), 

Z = 1.2, p = .23, Paper Folding Test (Male: r = .40, p = .001; Female: r = .29, p = .01), Z = .

91, p = .36, or PSVT:R (Male: r = .48, p = .001; Female: r = .56, p = .001), Z = 0.90, p = .37. 

There were also no sex differences in relative accuracy for global postdictions of 

performance on the Spatial Relations Test (Male: r = .44, p = .001; Female: r = .60, p = .

001), Z = 1.61, p = .11, Paper Folding Test (Male: r = .71, p = .001; Female: r = .68, p = .

001), Z = .42, p = .68, or PSVT:R (Male: r = .67, p = .001; Female: r = .59, p = .001), Z = .

97, p = .32.

3.4. Correlations between Spatial Performance Measures.

The correlations between spatial performance measures for male (lower triangle) and female 

students (upper triangle with bolded values) are presented in Table 4. It shows that both 

female and male student performed consistently across each spatial measure, with positive 

moderate to high correlations between most tests. Fisher r-to-z tests testing sex differences 

in the magnitude of each correlation found no reliable effects.

3.5. Correlations between Measures of Monitoring Accuracy.

Table 5 shows the correlations between measures of absolute and relative accuracy of 

metacognitive judgments for male (lower triangles) and female (upper triangles with bolded 

values) students. Absolute accuracy measures for each task were significantly positively 

correlated for male students. The same pattern was present for female students with the 

exception that their absolute accuracy for the Paper Folding test and PSVT:R were not 

significantly correlated. However, Fisher r-to-z tests indicated that there were no significant 

differences between the magnitudes of the absolute accuracy correlations for male or female 

students. Relative accuracy measures for the Spatial Relations test and the Paper Folding test 

were also significantly positively correlated. No other correlations between relative accuracy 

measures were significant and no sex differences were present for these correlations. 

Correlations between the absolute and relative accuracy measures were not significant with 

the exception that female student’s relative and absolute accuracy for the PSVT:R was 

significantly negatively correlated. A Fisher r-to-z test indicated that this negative correlation 

for female students was significantly different from the correlation for male students, Z = 

2.31, p < .05. The discrepancies between absolute and relative accuracy measures confirm 

that these different types of accuracy reflect unique aspects of monitoring ability.

3.7. Self-Perceptions of Everyday and Academic Spatial Ability.

Male and female students’ mean self-reported recent experience, cumulative experience, and 

ability ratings for each of the specified spatial scenarios in the Spatial Experience 

Questionnaire are presented in Table A1 of the Appendix.
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Most important for the current purposes are students’ self-ratings of their abilities for 

everyday and academic spatial tasks. A confirmatory factor analysis on students’ self-ratings 

was conducted using Mplus (Version 8) with full-information maximum likelihood (FIML) 

estimation under the assumption of multivariate normality of item responses. For ease of 

interpretation, only the standardized factor loadings and factor correlations are reported 

below. A two-factor model representing separate factors for perceived everyday spatial 

ability and perceived academic spatial ability provided a good fit to the data, χ2 (61) = 

107.54, RMSEA = .06, CFI = .95. Estimated factor correlation of the two factors was .46. 

Estimated factor loading are presented in Table 6. The final model included residual 

covariances suggested by LaGrangian Multipliers between questions 7 and 8 and between 

questions 11 and 13. We also chose to load Question 6 from the original Spatial Experience 

Questionnaire on our academic spatial factor because conceptually producing and 

interpreting technical drawings or blueprints of 3-D objects is a skill utilized in engineering 

fields. An exploratory factor analysis also revealed that Question 13 fit better with the 

everyday spatial factor than the new academic spatial factor so we chose not to load this 

measure on the academic spatial factor.

Hierarchical multiple regression analyses were conducted to examine the relationship 

between students’ self-perceptions of their everyday and academic spatial ability and their 

sex, and their actual spatial performance. To avoid multicollinearity between our 

performance measures which were highly correlated (Table 4), we created a spatial ability 

composite variable by standardizing and averaging across students’ performance for Raven’s 

Progressive Matrices, the Spatial Span task, the Paper Folding Test, the Spatial Relations 

Test, and the PSVT:R. First, we created a model with students’ self-perceptions of their 

everyday spatial ability as the dependent variable where we entered sex and the spatial 

ability composite variable into the first step of the equation. During the second step we 

entered the Sex × Spatial Ability interaction term.

The initial model predicted 8% of the variability in students self-perceptions of their 

everyday spatial ability, R2= .08, adjusted R2= .08, F(3, 227) = 10.30, p < .001). Male and 

female students had similar self-perceptions of their everyday spatial ability (β = -.01, p =.

77). Actual spatial ability was the only variable that significantly predicted self-perceptions 

of everyday spatial ability (β = .28, p < .001). The addition of the Sex × Spatial Ability 

interaction (β = .08, p = .37) at the second step did not improve the model fit, F change (1, 

226) = 0.82, p = .37.

Next, we computed another hierarchal regression analysis with the same predictors above 

entered in the same order but with students’ self-perceptions of their academic spatial ability 

as the dependent variable. The initial model predicted 13% of the variability in students 

selfperceptions of their academic spatial ability, R2= .13, adjusted R2= .12, F(3, 227) = 

16.17, p < .001. Students’ sex (β = -.23, p < .001) and their actual spatial ability both 

significantly predicted their self-perceptions of academic spatial ability (β = .23, p < .01). 

Female students believed their academic spatial ability was lower than male students, and 

students’ with higher spatial ability believed they were better at reasoning spatially in 

academic domains than student’s lower in spatial ability. The addition of the Sex × Spatial 
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Ability interaction (β = -.07, p = .40) did not improve the model, F change (1, 226) = 0.71, p 
= .40.

4. Discussion

The current study examined sex differences in self-perceptions of everyday and academic 

spatial ability, and sex differences in metacognitive monitoring accuracy for measures of 

spatial visualization (Paper Folding Test) and spatial orientation (Spatial Relations Test and 

PSVT:R ). Across multiple spatial measures, female students displayed lower confidence in 

their item-level monitoring and global assessments of performance than did male students, 

even when no actual differences in spatial performance were present (e.g., Paper Folding 

Test and Spatial Relations Test). These findings are consistent with previous research 

indicating that females are less confident in their spatial ability than are male students 

(Cooke-Simpson & Voyer, 2007; Estes & Felker, 2012; Syzmanowicz & Furnham, 2011). 

Furthermore, female STEM majors had lower self-evaluations than their male counterparts 

of visuospatial abilities needed for scientific reasoning.

However, in contrast to previous research focused exclusively on mental rotation 

(CookeSimpson & Voyer, 2007; Estes & Felker, 2012), we found no evidence that female 

students itemlevel assessments of their spatial performance were less accurate than their 

male counterparts (see Relative and Absolute accuracy in Table 2). Indeed, female students’ 

CJs were even better at discriminating between correct and incorrect trials on the PSVT:R – 

a measure of 3-D mental rotation ability – than were male students’ CJs (see relative 

accuracy in Table 2). These results contradict prior conclusions about impaired spatial 

monitoring accuracy for female students. It is possible that the sex differences in monitoring 

accuracy previously identified are unique to the Vandenberg and Kuse (1978) Mental 

Rotation Test (Cooke-Simpson & Voyer, 2007; Estes & Felker, 2012). The quality of the 

cues that people attend to when monitoring their performance can differ across tasks and 

sometimes within tasks as a function of strategy utilization (Mitchum & Kelly, 2010).

Since female students sometimes adopt different strategies than male students when 

performing the Mental Rotation Test (Allen & Hogeland, 1978; Miller & Santoni, 1986; 

Kail, Carter, & Pellegrino, 1979; Pena, Contreras, Shih, & Santacreu, 2008; Raabe, Hoger, 

& Delius, 2006), they probably also sample different cues when monitoring their 

performance on this task. Mitchum and Kelly (2010) reported that people who use a 

constructive matching strategy to solve Raven’s Progressive Matrices problems are more 

accurate at monitoring their performance than students who use a response elimination 

strategy. Interestingly, male students are more likely to use constructive matching to solve 

problems on the Mental Rotation Test, whereas female students are more likely to use 

response elimination (Raabe, Hoger, & Delius, 2006). Thus, one might expect female 

students to have impaired monitoring accuracy on the Mental Rotation Test because of their 

preferred solution strategy.

The cues people attend to can also vary when monitoring is prospective vs. retrospective 

(Nelson & Narens, 1990). A prospective confidence procedure like the procedure we used to 

examine performance monitoring on the PSTV:R involves making a confidence judgment 
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without viewing potential response options. This procedure may have limited the cues 

available to students to item specific information regarding the complexity of the probe item 

and the cues associated with generating and manipulating one’s spatial representation for 

that item (e.g, processing fluency, vividness, etc.). In contrast, retrospective confidence 

procedures which were used for the Spatial Relations test and Paper Folding test involve 

making CJs after selecting a response option. This procedure affords access to cues relevant 

to the decision process involved in selecting a response option. For example, students can 

base their CJs on whether the spatial representation they generate is present among potential 

response options or on the ease of excluding unlikely response options.

The current study was not designed to evaluate which cues students attended to when 

making CJs. However, the sex differences in relative accuracy we observed for the PSTV:R, 

suggest that the quality of the cues students used to monitor their performance may have 

differed for men and women. It is unclear whether these differences are task-specific or 

reflect sex differences in cue utilization during prospective monitoring that are less prevalent 

in retrospective monitoring tasks. Since previous research has focused exclusively on 

retrospective monitoring of spatial performance and prospective monitoring was examined 

with one task in the current study, more research is necessary to competitively evaluate these 

hypotheses.

An alternative explanation for why the current results diverged from previous findings 

involves differences in the characteristics of our sample compared to previous work. Our 

sample consisted primarily of STEM majors from a selective STEM-focused university. 

Both male and female students in this sample probably have above-average spatial ability 

and more spatial reasoning experience than samples examined in previous work. Males and 

females in this study also had similar amounts of spatial experience as reflected by their self-

reported cumulative everyday (Females: M = 3.91, SE = .35; Males: M = 3.91, SE = .31) and 

academic spatial reasoning experience (Females: M = 3.69, SE = .34; Males: M = 3.48, SE 
= .22) on the Spatial Experience Questionnaire, ts < 1. Sex differences in spatial experience 

can contribute to sex differences in spatial performance (Baenninger & Newcombe, 1995; 

Casey, 1996), perhaps because increased familiarity and practice with spatial processing 

improves the calibration of one’s confidence in their spatial thinking (Estes and Felker, 

2012). If so, the sex differences in spatial monitoring accuracy observed in previous research 

could be due to sex differences in experience performing spatial oriented tasks not 

characteristic of our sample.

It is also possible that the students in our sample were less susceptible to sex-related 

stereotypes that could adversely affect their metacognitive monitoring accuracy than 

students in other samples. Stereotype threat has been proposed as a mechanism to account 

for sex differences in science, mathematics, and spatial skills (McGlone & Aronson, 2006; 

Nguyen & Ryan, 2008; Ortner & Sieverding, 2008; Spencer, Steele, & Quinn, 1999). 

According to stereotype threat theory, engaging in spatially oriented task can activate 

negative sex-related stereotypes which lower female students’ confidence causing increased 

stress, anxiety and ultimately performance decrements. These effects may be contingent on 

how much one selfidentifies with the target domain that is being threatened (Nguyen & 

Ryan, 2008; but see Zigerell, 2017). For example, highly math-identified women are less 
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susceptible to stereotype threat regarding math ability than women who are moderately 

math-identified (Nguyen & Ryan, 2008). Students in our sample – who are STEM majors 

and likely higher than average for both male and females on spatial cognitive ability – may 

also be more likely to self-identify highly with spatially oriented tasks. If so, they may not 

experience sex related stereotype threat that might impair monitoring when performing these 

tasks. Although this hypothesis is intriguing, it should be interpreted cautiously due to 

concerns about the robustness of stereotype threat effects and the recent evidence of 

publication bias in this literature (Flore & Wicherts, 2015; Zigerell, 2017).

Although we observed limited sex-related differences in monitoring accuracy in the current 

study, more substantial sex-related differences could be present in qualitatively different 

tasks that require dynamic spatial processing. Dynamic spatial tasks require people to 

continuously monitor performance and attend to multiple objects across time and space 

whereas static spatial tasks like the ones examined in the current study involve mentally 

rotating or spatially transforming a single object at a fixed time point (Hunt et al., 1988). 

The cognitive load required to both maintain and manipulate visual spatial information in 

working memory while simultaneously monitoring the quality of one’s spatial processing 

may be too great for some participants in dynamic spatial domains. For example, older 

adults (age 60 to 82) have impaired spatial performance monitoring compared to younger 

adults (college aged) in dynamic spatial tasks like navigation but no age related differences 

are present for monitoring accuracy in static spatial tasks including the Mental Rotation Test, 

Spatial Relations Test, and Paper Folding Test (Ariel & Moffat, 2018). Given that female 

students have lower visual-spatial working memory spans than male students (Voyer, Voyer, 

& Saint-Aubin, 2017), they may be more susceptible to monitoring errors in dynamic spatial 

domains that they are not susceptible to in static spatial tasks.

Regardless, the current results show that even female students pursuing STEM degrees are 

less confident than male students in their ability to reason spatially about some STEM 

related content. It is unclear if these differences reflect true underconfidence or if they are 

due to actual differences in academic spatial ability. Research examining medical students’ 

self-perceptions of their abilities indicates that female students have higher rates of 

neuroticism, general anxiety, and test related anxiety than male students which can cause 

them to doubt their abilities (Hojat et al, 1999; Hojat et al., 2003). Cooper, Krieg, and 

Brownell (2018) recently reported that men in an undergraduate physiology course were 

more likely than women to believe they were smarter than their classmates even when 

controlling for GPA. Underconfidence in females seems to persist even for medical school 

students; women who are nominally equally competent as men consistently rate their 

abilities lower than male medical students (Coutts & Rogers; 1999; Minter, Gruppen, 

Napolitano, & Gauger, 2003; Rees, 2003). These data suggest that underconfidence in 

STEM domains, and perhaps for spatial reasoning in these domains, may be pervasive even 

in high ability female students. Consistent with this underconfidence interpretation, female 

students were more underconfident than male students in their ability to evaluate their global 

performance for each of the spatial orientation tasks we examined. Specifically, the absolute 

accuracy for global postdictions of performance for both the spatial orientation tasks was 

worse for female than for male students although these sex differences were only statistically 

significant for the Spatial Relations Test (see Table 3).
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In summary, the current study indicates that sex differences in global self-assessments of 

performance do not always coincide with sex differences in moment-to-moment spatial 

performance monitoring. Even though female students were in most cases less confident 

than male students in their general spatial ability, their trial-by-trial metacognitive 

monitoring accuracy was not impaired in either an absolute or relative sense. Thus, female 

students appear to have relatively accurate perceptions of their spatial performance for 

spatial orientation and spatial visualization tasks. Future research should evaluate the 

potential effects of spatial experience and general spatial ability on spatial monitoring 

accuracy to determine whether sex differences previously observed in the literature are due 

to these factors. Future research should also examine whether sex differences are present in 

other spatial domains; especially dynamic spatial tasks which may be more predictive of 

STEM related success than the static spatial tasks examined in the current study (Hegarty, 

1992; Sanchez & Wiley, 2014).
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Appendix

Table A1.

Mean response to each question on the spatial experience questionnaire as a function of sex.

Females Males

Recent
Experience

Cumulative
Experience

Ability
Rating

Recent
Experience

Cumulative
Experience

Ability
Rating

Q1: Imagining different 
arrangements of furniture or 
other objects

2.51 (.46) 3.58 (.44) 6.20 (.17) 2.70 (.32) 3.73 (.39) 6.21 (.13)

Q2: Considering how an object 
or building would look from a 
different viewing position

2.59 (.40) 3.75 (.47) 5.85 (.18) 2.70 (.35) 4.00 (.41) 6.33 (.14)

Q3: Devising efficient ways of 
packing or loading a box or car 
trunk

3.19 (.46) 4.65 (.48) 6.99 (.15) 2.49 (.30) 4.44 (.41) 6.95 (.13)

Q4: Following instructions for 
the assembly of furniture, toys, 
models, and so on

2.41 (.37) 5.22 (.56) 6.96 (.21) 2.12 (.32) 6.07 (.48) 7.18 (.15)

Q5: Visualizing travel 
directions from a verbal 
description

3.30 (40) 3.92 (.38) 5.70 (.19) 3.66 (.61) 4.00 (.35) 5.79 (.16)

Q6: Producing or interpreting 
technical drawings (e.g., 
blueprints) of threedimensional 
objects

3.11 (.64) 2.17 (.40) 5.14 (.23) 2.43 (.39) 2.11 (.24) 5.55 (.18)

Q7: Performing paper-folding 
activities such as origami .69 (.15) 3.15 (.46) 5.23 (.24) .40 (.08) 2.80 (.37) 4.53 (.19)

Q8: Solving piece-assembly 
games such as jigsaw puzzles 1.66 (.30) 6.74 (.63) 6.61 (.20) 1.11 (.18) 5.10 (.48) 6.20 (.14)
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Females Males

Recent
Experience

Cumulative
Experience

Ability
Rating

Recent
Experience

Cumulative
Experience

Ability
Rating

Q9: Working on 
spatialmanipulation puzzles like
Rubik’s Cube

.54 (.11) 2.02 (.32) 3.67 (.21) 1.16 (.18) 2.96 (.36) 4.96 (.18)

*Q10: Imagining mathematical 
relationships (e.g., 3-D objects 
in calculus or otherwise)

7.85 (1.50) 4.90 (.52) 6.20 (.20) 7.07 (.90) 5.04 (.35) 7.17 (.15)

*Q11: Imagining micro-level 
concepts in biology or 
chemistry (the process of 
transcription, organic 
molecules, etc.)

5.69 (1.14) 3.99 (.52) 5.83 (.22) 3.81 (.69) 3.05 (.26) 5.69 (.18)

*Q12: Imagining concepts in
physics (momentum, force, 
electrical current, etc.)

8.41 (1.58) 3.68 (.36) 6.11 (.20) 9.83 (3.34) 3.63 (.25) 6.85 (.14)

*Q13: Visualizing location and 
direction in anatomy or 
physiology (parts of the brain 
and body)

3.63 (.68) 2.20 (.27) 5.72 (.19) 2.74 (.46) 2.19 (.26) 5.02 (.17)

Note. Standard error of the means are in parenthesis.
*
denotes new STEM related spatial questions added to questionnaire.
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Highlights

• Female students are less confident than male students in there spatial 

performance.

• Women can monitor the accuracy of their spatial performance as well as men.

• Lower spatial confidence for women persists in academic domains for STEM 

majors.
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Table 1.

Sex Differences in mean performance accuracy, confidence judgments (CJs), global predictions, global 

postdictions, with corresponding independent sample t-tests.

Females Males t df p d
95% CI

Lower Upper

Raven ’s Matrices

    Performance 8.70 (.35) 8.99 (.27) 0.67 230 .50 0.09 −0.17 0.36

Symmetry Span

    Performance 15.06 (.55) 18.10 (.39) 4.62 230 <.001 0.62 0.35 0.89

Paper Folding

    Performance 71.69 (1.58) 75.38 (1.31) 1.87 230 .06 0.25 −0.01 0.52

    CJs 73.58 (1.56) 78.49 (1.31) 2.38 230 .02 0.32 0.05 0.59

    Global Prediction 71.24 (1.66) 75.96 (1.49) 2.05 230 .04 0.28 0.01 0.54

    Global Postdiction 68.33 (2.10) 74.78 (1.73) 2.35 230 .02 0.32 0.05 0.58

Spatial Relations

    Performance 94.00 (.91) 95.90 (.49) 1.99 230 .05 0.27 0.003 0.53

    CJs 75.13 (1.70) 81.79 (1.32) 3.11 230 .002 0.42 0.15 0.69

    Global Prediction 72.44 (1.71) 77.83 (1.30) 2.53 230 .01 0.34 0.07 0.61

    Global Postdiction 71.01 (1.95) 80.95 (1.39) 4.73 230 <.001 0.64 0.37 0.91

PSVT:R

    Performance 59.78 (2.40) 71.71 (1.78) 4.04 230 <.001 0.55 0.28 0.81

    CJs* 54.79 (2.10) 65.31 (1.67) 3.91 230 <.001 0.53 0.26 0.80

    Global Prediction 51.45 (2.22) 62.15 (1.92) 3.57 230 <.001 0.48 0.21 0.75

    Global Postdiction 43.49 (2.48) 58.19 (1.95) 4.67 230 <.001 0.63 0.36 0.90

Note. Standard errors of the means are in parenthesis.

*
denotes that confidences judgment was made in a prospective fashion. 95% CIs reflect confidence intervals for Cohen’s d.
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Table 2.

Mean absolute accuracy of confidence judgments, relative accuracy of confidence judgments as corresponding 

independent sample t-tests.

Females Males t df p d
95% CI

Lower Upper

Absolute Accuracy

    Spatial Relations .07 (.01) .06 (.01) 0.91 175 .37 0.06 −0.24 0.35

    Paper Folding .07 (.01) .07 (.01) 0.64 230 .52 0.08 −0.19 0.34

    PSVT:R * .08 (.01) .08 (.01) 0.24 230 .81 0.03 −0.23 0.30

Relative Accuracy

    Spatial Relations .37 (.06) .34 (.06) 0.36 183 .72 0.05 −0.24 0.35

    Paper Folding .41 (.05) .38 (.04) 0.56 213 .58 0.08 −0.20 0.35

    PSVT:R * .44 (.04) .23 (.04) 3.41 227 .001 0.46 0.19 0.73

Note. Standard errors of the means are in parenthesis. Absolute accuracy = calibration component (also known as reliability) of Murphy’s 
decomposition of the brier score computed for each student. Relative accuracy reflects gamma correlation computed for each student. 

*
denotes that confidences judgment was made in a prospective fashion. 95% CIs reflect confidence intervals for Cohen’s d.
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Table 3.

Mean absolute accuracy of global self-assessments of spatial performance and corresponding independent 

sample t-tests.

Females Males t df p d
95% CI
Lower
Upper

Spatial Relations

    Global Prediction −21.56 (1.65) −18.06
(129) 1.69 230 .09 0.23 −0.04 0.49

    Global
Postdiction −22.99 (1.58) −14.94

(125) 3.99 230 <.001 0.54 0.27 0.81

Paper Folding

    Global Prediction −0.45 (1.93) 0.57 (1.49) −0.42 230 .68 0.06 −0.17 0.36

    Global
Postdiction −3.36 (1.55) −.61 (1.20) 1.40 230 .16 0.19 −0.08 0.45

PSVT:R

    Global Prediction −8.33 (2.22) −9.55 (1.90) 0.42 230 .68 −0.06 −0.32 0.21

    Global
Postdiction −16.28 (2.22) −13.52

(152) 1.06 230 .29 0.14 −0.12 0.41

Note. Standard errors of the means are in parenthesis. Absolute accuracy = difference between estimates and performance. Scores of zero indicate 
perfect absolute accuracy. Negative values reflect underconfidence and positive value reflect overconfidence. 95% CIs reflect confidence intervals 
for Cohen’s d.
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Table 4.

Correlations between performance measures for females (upper triangle bolded values) and males (lower 

triangle).

Raven’s
Progressive

Matrices

Symmetry
Span

Paper
Folding

Spatial
Relations PSVT:R

Raven’s Progressive Matrices — 43*** 47*** 42*** 44*

Symmetry Span 35*** — 43*** 39*** .26***

Paper Folding .55*** .43*** — 59*** 52***

Spatial Relations 41*** 37*** .47*** — 53***

PSVT:R 52*** .37*** 59*** 67*** —

Note.

*
denotes correlation is significant at p < .05.

**
denotes p < .01.

***
denotes p < .001.
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Table 5.

Correlations between item level monitoring accuracy measures for females (upper triangle and bolded text) 

and males (lower triangle).

Absolute Accuracy Relative Accuracy

Paper
Folding

Spatial
Relations PSVT:R Paper

Folding
Spatial

Relations PSVT:R

Absolute Accuracy

Paper Folding — .34** .16 .13 .10 .01

Spatial Relations 49*** — .25* .04 −.08 .11

PSVT:R 35*** 42*** — −.01 −.02 −.23*

Relative Accuracy

Paper Folding −.06 −.13 −.02 — 35*** .21

Spatial Relations −.03 −.01 .08 .48*** — .11

PSVT:R .02 −.09 .09 .01 .03 —

Note.

*
denotes correlation is significant at p < .05.

**
denotes p < .01.

***
denotes p < .001.
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Table 6.

Factor Loadings for the Two Factor Model for Perceived Spatial Ability

Item
Description

Everyday
Spatial
Ability

Academic
Spatial
Ability

R2

Q1 Imagining different arrangements of furniture or other objects .77 .59

Q2 Considering how an object or building would look from a different viewing position .67 .45

Q3 Devising efficient ways of packing or loading a box or car trunk .63 .40

Q4 Following instructions for the assembly of furniture, toys, models, and so on .67 .45

Q5 Visualizing travel directions from a verbal description .40 .16

Q6 Producing or interpreting technical drawings (e.g., blueprints) of three-dimensional objects .28 .40 .34

Q7 Performing paper-folding activities such as origami .34 .12

Q8 Solving piece-assembly games such as jigsaw puzzles .59 .34

Q9 Working on spatial-manipulation puzzles like Rubik’s Cube .48 .23

Q10 Imagining mathematical relationships (e.g., 3-D objects in calculus or otherwise) .81 .62

Q11 Imagining micro-level concepts in biology or chemistry (the process of transcription, organic 
molecules, etc.)

.30 .09

Q12 Imagining concepts in physics (momentum, force, electrical current, etc.) .76 .57

Q13 Visualizing location and direction in anatomy or physiology (parts of the brain and body) .38 .14
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