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ABSTRACT OF THE THESIS 

 

Facilitating Student Understanding of Electrostatics  

Using Gestures and Topographic Maps 

 

by 

 

Robert C. Wilbur 

 

Master of Arts, Graduate Program in Education 

University of California, Riverside 

June 2022 

 

Dr. Kinnari Atit, Chairperson 

 

 

The purpose of this exploratory study was to examine whether integrating gestures into 

instruction on electrostatics and using the analogy of topographic maps to teach electrostatic 

diagrams facilitated undergraduate students’ understanding for electrostatics. We also 

examined whether spatial skills, specifically spatial visualization and mental rotation, influenced 

the effect of this pedagogical intervention, and whether gender influenced spatial skills, and the 

effect of baseline and intervention instruction. Results indicate that the effect of intervention 

was generally positive and comparable to baseline textbook-inspired instruction for all 

participants. However, female participants benefitted more from the intervention, while male 

participants benefitted more from baseline instruction. Results also indicate that mental 

rotation skill and gender both generally predicted performance, and gender predicted mental 

rotation skill. While additional study is certainly needed to measure the unique effects of 

gesture and analogy separately, these results provide evidence that the addition of these cost-

effective teaching strategies in tandem may predictably bolster student understanding of this 

and other domain-specific STEM topics. 
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Theoretical Framework 

Spatial Skills 

 Spatial skills are a set of cognitive skills that enable us to visualize, manipulate, 

and reason about the spatial relationships between ourselves and other objects in both real and 

imagined spaces (Newcombe et al., 2013; Uttal et al., 2013a). Spatial skills (e.g., mental rotation, 

spatial visualization) have been linked to students’ learning and achievement at all educational 

levels in many science, technology, engineering, and mathematics (STEM) domains (Pallrand, 

1984; Kali & Orion, 1996; Titus & Horsman, 2009; Alles & Riggs, 2011; Uttal et al., 2013a; 

Newcombe et al., 2018; Geer et al., 2019). Spatial skills have also been shown to be malleable 

(e.g., Uttal et al., 2013b), and may improve through training and practice (Sorby & Baartmans, 

2000; Sorby, 2009; Sorby et al., 2013). For these reasons spatial skills play an important 

theoretical and practical role in STEM teaching and research. This study examines the link 

between spatial skills, gender, and performance in STEM. One spatial skill that we measured in 

this study is mental rotation, assessed using the Mental Rotations Test (MRT; Vandenberg & 

Kuse, 1978; Peters et al., 2005). Mental rotation – a cognitive process that depends on spatial 

visualization – is the ability to rotate mental representations of 2D and 3D objects (Carrol, 1993). 

Importantly, mental rotation has been shown to correlate with both performance in STEM (Uttal 

et al., 2013a) and gender (e.g., Linn and Petersen 1985; Voyer et al. 1995). Gender differences in 

mental rotation have been shown to appear as early as five months of age and persist into 

adulthood (Moore & Johnson, 2008, Quinn & Liben, 2008; Peters et al., 2007, Voyer et al. 1995). 

Because of this, it becomes important at any academic level to consider the impact of gender in 

the effect of any exploratory spatial pedagogical intervention where mental rotation is an 

independent variable. 

Electrostatics 

In this study, we examined the relationship between spatial skills and the effects of a 

spatial pedagogical intervention in a subdomain of Physics called “electrostatics” (i.e., electric 

potentials, or equipotentials). Electrostatics is the study of forces between electric charges. 

Undergraduate students are typically introduced to this complex mathematical and spatial 

subject in introductory Physics courses. It is a subject that students find difficult, likely because it 

requires them to reason about abstract mathematical phenomena in a context that invisible to 
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the learner, such as the flow of energy from one point in space to another. Additionally, because 

electrostatic phenomena are often imperceptible due to their speed and scale, reasoning about 

them can require a heavy reliance on the use of 2D diagrams that represent 3D spatial 

information. This and other domain specific tasks of interpreting 2D diagrams that represent 3D 

information have been found to be challenging for students in STEM disciplines (Kali & Orion, 

1996; DeSutter & Stieff, 2014; Padalkar & Hegarty, 2015). Thus, this study aimed to examine the 

effects of a pedagogical intervention which included two strategies that have been shown to 

bolster student understanding of complex spatial subjects: gesture and analogical reasoning. 

Gesture 

One tool that has been found to facilitate student understanding for diagrams and other 

abstract spatial STEM problems is gesture (Stieff, Lira, & Scopolitis, 2016; Kastens, Agarwal, & 

Liben, 2008). Gestures are movements of the body, usually hands, which are produced when 

engaging in effortful cognitive activity (Alibali, 2005). Common spatial activities, such as giving 

directions, often include gestures (e.g., Lavergne & Kimura, 1987), and domains of science that 

require communicating complex spatial ideas, such as geology, often make use of gestures 

(Liben, Christensen, & Kastens, 2010). Researchers have found that gesturing about the spatial 

information presented in 2D diagrams bolsters undergraduate students’ skills for reasoning 

about those diagrams and may boost students' 3D reasoning skills overall (e.g., Atit et al., 2015).  

Analogical Reasoning 

Another tool that has been found to support student understanding for complex spatial 

information is analogical reasoning (e.g., Gentner, Anggoro, & Klibanoff, 2011; Gentner, 

Loewenstein, & Thompson, 2003). Analogical reasoning is a process that involves mapping the 

knowledge from a source object to a target object where the relations within each object are 

the same (Gentner, 1989). In other words, the relations of a concept that is simple or familiar 

can be applied to a concept that is complex or unfamiliar to better understand it. The analogical 

reasoning process also includes learners comparing what is the same in an analogy to what is 

different. 

The intervention in this study included a guided analogical comparison between 

electrostatic diagrams and topographic maps. Electrostatic diagrams are analogically 

comparable to topographic maps because both are types of contour maps (See Figure 1). 
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Electrostatic diagrams often depict curving concentric lines that describe specific voltages, and 

they are commonly used to understand the 3D shape of an electric field. Topographic maps are 

a “graphic representation of the three-dimensional configuration of the earth” (Geographic 

Information Technology Training Alliance, 2016). They often depict curving concentric lines that 

describe specific elevations, and they are commonly used to help gain a 3D understanding of the 

landscape of a region (Dennis, 1972).  

Gender 

As previously mentioned, one factor that is important to consider when conducting an 

exploratory spatial pedagogical intervention is gender. The persistent underrepresentation of 

women in STEM is a well-documented issue (Miller et al., 2006; Stake, 2006), with the most 

persistent and largest achievement gaps between men and women occurring in the field of 

physics (Taasoobshirazi & Carr, 2008). In affluent countries, female students represent between 

20% to 25% of the total undergraduate student population in physics, and even less at the post-

graduate level (Skibba, 2019). In the U.S. the increase in the share of female students earning 

degrees in physics in the last two decades has slowed from 2.9% between 1998 and 2008, to 

1.7% between 2008 and 2018. Additionally, these levels are still well below female 

representation levels in society, which is about 50.1%. Given the persistence of this and other 

similar participation gaps in STEM, research into their causes is paramount.   

The Current Study 

 Informed by prior research, this aim of this study was to examine the link between 

spatial skills, student understanding in electrostatics, and gender. First, we examine whether 

integrating gestures into instruction on electrostatics and using the analogy of a topographic 

map to teach electrostatic diagrams facilitated student understanding for electrostatics 

concepts. Prior research has indicated that these pedagogical strategies may positively influence 

student understanding of complex spatial topics (e.g., Gentner, Anggoro, & Klibanoff, 2011; Atit 

et al., 2015). Thus, our expectation is that student understanding for electrostatics will generally 

improve after both forms of instruction.  

 Second, we examine if and how students’ spatial skills contributed to their 

understanding for electrostatics. Prior research has indicated that spatial skills are predictive of 

science achievement (Uttal et al., 2013a). We hypothesize that since electrostatics is a highly 
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spatial topic, data will indicate some correlation between spatial skills and performance. 

However, that correlation may only emerge generally if the spatial skills measure (i.e., mental 

rotation skill) serves as more of a general indicator of overall spatial skills instead of as a 

measure of domain-specific spatial skills that are unique to electrostatics. 

 Third, we examine if and how gender predicts spatial skills and the effect of these 

instructional tools. Prior research has indicated that gender predicts mental rotation skill (e.g., 

Peters et al., 2007, Voyer et al. 1995), thus our expectation is that in this study, gender will 

predict this measure of spatial skills. Prior research has also indicated that gender can predict 

performance in STEM domains (Uttal et al., 2013a). We therefore hypothesize that data analysis 

will indicate a correlation between gender and performance in electrostatics for one or both 

forms of electrostatics instruction.  

Method 

Participants 

The analysis presented here is on data examined from 35 of 78 undergraduate student 

participants. Participants consisted of 19 female students (54.29%) and 16 male students 

(45.71%). Participants represented a population weighted toward Asian and White 

race/ethnicity with 52.94% self-reporting as Asian, 2.94% as Black or African American, 1.47% as 

Hispanic or Latino/Latina/Latinx or Spanish Origin, and 42.65% as White. Participant age was not 

recorded. Data from 43 participants were excluded from the analysis due to missing data (i.e., 

MRT, Pretest, Posttest 1, and/or Posttest 2 scores).  

Participants were recruited voluntarily from a pool of students enrolled in an 

introductory Physics course at the University of British Columbia (UBC), Vancouver. Participating 

in this experiment counted as credit toward the scientific literacy requirement for the course. 

Participants provided informed consent via printed and signed document under the condition of 

anonymity. Assessment scores were collected, de-identified, and then aggregated by a 3rd-party 

observer. This experiment and its procedures to collect data and protect participant anonymity 

were reviewed and approved by an institutional review board. 
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Measures 

Electrostatic Pretest and Posttests 

The electrostatics Pretest (P0), Posttest 1 (P1) and Posttest 2 (P2) assessments 

administered in this study consisted of the same 10 multiple-choice questions aimed at 

assessing participant knowledge of electrostatics taken from the Conceptual Survey of Electricity 

and Magnetism (CSEM; Maloney et al., 2001). The order in which the questions were presented 

was different for each assessment. The assessments were administered using Qualtrics. 

Demographic and Background Questionnaire 

Participants completed a demographic questionnaire which included questions 

regarding participant gender, race/ethnicity, whether they attended any physics courses in high 

school, and whether those high school courses included instruction on electrostatics. 

Mental Rotations Test (MRT; Peters et al., 1995).  

The Revised Vandenberg and Kuse (1978) Mental Rotations Test measured participants’ 

mental rotation and visualization skills when comparing simple abstract objects. The test 

consisted of 24 multiple-choice questions, given in two parts, with three minutes allotted for 

each part. Participants were instructed to respond as quickly as possible while minimizing errors. 

Each question consisted of a row of five images of simple abstract objects: one target 

object and four comparison objects. Two of the comparison objects were identical in shape and 

structure to the target object but rotated to some degree on one or more axes. The remaining 

two comparison objects were similar to the target object, but not identical, and were also 

rotated to some degree on one or more axes. The participant was instructed to identify which 

two comparison objects are identical to the target object for each question. No partial credit 

was given, and scores ranged from 0 to 24 points. Using Cronbach’s alpha, the internal 

consistency for this measure (α = 0.83) was good. 

Procedure  

In this quasi-experimental study, a repeated-measures (Pretest  Posttest 1  Posttest 

2) design was used to measure the effects of baseline electrostatics instruction and an 

intervention instruction on a sample of undergraduate students’ understanding of electrostatics 

concepts. First, the MRT and the electrostatics Pretest assessment were administered before 

any electrostatics instruction. Second, the electrostatics Posttest 1 assessment was 
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administered after baseline electrostatics instruction. Third, the electrostatics Posttest 2 

assessment was administered after the intervention instruction. 

Baseline Instruction 

Baseline electrostatics instruction consisted of a 10-minute video describing essential 

electrostatics information, such as that found in an introductory physics textbook (Urone & 

Hinrichs, 2012). The video was created by an undergraduate physics instructor from another 

four-year institution. 

Intervention Instruction 

The intervention electrostatics instruction consisted of a 55-page PowerPoint 

presentation and an in-class “clicker” exercise consisting of 14 problems. Informed by the 

principles of analogical reasoning, some problems highlighted the conceptual (i.e., 

mathematical, spatial, visual) similarities between electrostatic diagrams and topographic maps, 

while others highlighted the differences. A sample is shown in Figure 1. In addition to employing 

analogical reasoning, the intervention instruction also integrated gestures to bolster student 

understanding. The instructor repetitively used a specific set of four hand gestures throughout 

the intervention to interpret and illustrate the 3D forms represented by electric potential 

diagrams and topographic maps. The gestures used are displayed in Figure 2. Performance on 

this exercise was not recorded. 

Results 

To determine if the intervention facilitated student understanding, we compared 

learning gains from baseline electrostatics instruction to gains from the intervention instruction 

for all participants. A paired-samples two-tailed t-test was conducted to compare each 

participant’s change in performance on Posttest 1 (P1 - P0) with their change in performance on 

Posttest 2 (P2 - P1). An alpha level of .05 was used. There was not a significant difference 

between the change in performance on Posttest 1 (M = 1.64; SD = 2.0) and Posttest 2 (M = 2.03; 

SD = 2.04); t (35) = -0.68, p = .502. See Table 1. 

To determine if participants’ spatial skills was an explanatory factor for student 

understanding of electrostatics, a set of five linear regression models were conducted to 

determine if and how MRT score predicted electrostatics assessment score. Model 1 examined if 

MRT score predicted electrostatics assessment score for all participants and all assessments. 
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Models 2, 3, and 4 examined if MRT score predicted electrostatics assessment scores for specific 

assessments P0, P1, and P2. Model 5 examined if MRT score predicted electrostatics assessment 

score when controlling for assessment version. An alpha level of .05 was used for all models.  

In Models 1, 2, and 3, MRT score did not predict electrostatics assessment score. In 

Model 4, MRT score did predict performance on P2, F(1,31) = 4.37, p < .05, r2 = .09. In Model 5, 

MRT score strongly predicted electrostatics assessment score F(3,95) = 34.04, p < .001, r2 = .50. 

See supplemental material for all assumptions checks.  

To examine the role that gender played on spatial skills, a linear regression model was 

conducted to determine if and how gender predicted spatial skills for all participants. An alpha 

level of .05 was used. In this model, gender strongly predicted MRT score, F(1,97) = 33.35, p < 

.001 r2 = .25.  

To examine the role that gender played on effects of instruction, a set of five additional 

linear regression models were conducted to determine if and how gender predicted 

electrostatics assessment score. Model 6 examined if gender predicted electrostatics 

assessment score for all participants and all assessments. Models 7, 8, and 9 examined if gender 

predicted electrostatics assessment scores for specific assessments P0, P1, and P2. Model 10 

examined if gender predicted electrostatics assessment score when controlling for assessment 

version. An alpha level of .05 was used for all models.  

In Models 6, 7, 8, and 9 gender did not predict electrostatics assessment score. In Model 

10 gender strongly predicted electrostatics assessment score F(3,95) = 31.91, p < .001, r2 = .49.  

We also examined learning gains across genders. Two independent-samples t-tests were 

conducted for each gender group to compare effect sizes for learning gains after baseline 

electrostatics instruction to learning gains after the intervention instruction. For females, the 

effect size of baseline instruction (d = .72) was smaller than that of the intervention instruction 

(d = 1.12), while for males the effect size of baseline instruction (d = 1.02) was larger than that of 

the intervention instruction (d = .79). See Figure 3. 

To examine learning gains further, we investigated item-level data for each question 

included in the electrostatics assessment. Pretest scores were lowest on average for females 

and males (MFemale=3.88, SDFemale=1.33, MMale=4.0, SDMale=1.75). Posttest 1 scores increased on 

average for females and males for all questions (MFemale=5.91, SDFemale=1.86, MMale=6.32, 
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SDMale=2.24), with the largest differences on questions Q5 and Q10. Posttest 2 scores were more 

variable and increased on average more for females than males (MFemale=6.32, SDFemale=1.64, 

MMale=7.32, SDMale=1.62), with the largest differences on questions Q1, Q2, Q5, Q6, and Q10. See 

Table 4 for details. 

Discussion 

Research has shown that integrating analogy and the use of gestures can improve 

student understanding for spatial concepts in STEM. This study examined the effects of a spatial 

pedagogical intervention in electrostatics, which included these instructional tools. We 

anticipated that participants would benefit from a spatial pedagogical intervention because 

electrostatics is a highly spatial subdomain of physics. We also anticipated that gender might 

play a role in the effect of the intervention because gender has been shown to correlate with 

spatial skills and with performance in STEM. 

Electrostatics Instruction 

We found that there was not a significant difference in participants’ learning gains 

between baseline electrostatics instruction and the intervention instruction, and that overall 

effects were additive. This is in line with prior research and our expectations that a spatial 

pedagogical intervention would have a positive effect on student performance and 

understanding in this STEM subdomain. This result suggests that the intervention instruction did 

have a unique overall effect on student understanding, which was comparable to the effect of 

baseline instruction. However, one important limitation of this study was the lack of a control 

group, thus the unique educational value of the intervention instruction could not be 

differentiated from that of the baseline instruction. More research is necessary to measure the 

unique effects of this and other spatial pedagogical interventions and identify the specific 

effects of their individual components. 

Spatial Skills 

We did not find that mental rotation skill predicted performance for all electrostatics 

assessments, nor strongly for any specific assessment. We did find however that mental rotation 

skill strongly predicted performance on electrostatics assessments when controlling for 

assessment version F(3,95) = 34.04, p < .001, r2 = .50. In other words, only when all three 

assessments were treated as a single assessment did we detect a significant correlation 
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between mental rotation skill and performance. Thus, this result is in line with prior research 

and our expectations that there may be a general link between spatial skills as measured by the 

MRT and performance in STEM. One explanation for this might be is that mental rotation skill 

serves as more of a general measure, and less as a domain-specific measure of spatial skills in 

the case of electrostatics (Atit et al., 2020). Further research that investigates the link between 

spatial skills and performance in STEM should include a battery of spatial assessments so that 

more specific spatial skills data can be generated and explored. 

Gender in Spatial Skills and Electrostatics 

We found that gender predicted mental rotation skill for all participants, F(1,97) = 33.35, 

p < .001 r2 = .25. This is in line with prior research that has shown a correlation between gender 

and mental rotation skill (e.g., Peters et al., 2007, Voyer et al. 1995). We did not find that gender 

predicted performance for all electrostatics assessments, nor strongly for any specific 

assessment. We did find however that gender strongly predicted performance on electrostatics 

assessments when controlling for assessment version F(3,95) = 31.91, p < .001, r2 = .49. In other 

words, only when all three assessments were treated as a single assessment, we detect a 

significant correlation between gender and performance.  

We did not find that gender predicted learning gains. However, we did find a learning 

differential between genders in the way that participants benefitted from distinct forms of 

electrostatics instruction. Females benefitted significantly more from the intervention 

instruction, and males benefitted significantly more from baseline electrostatics instruction. This 

differential arose primarily from differences in performance on questions Q1, Q2, Q5, Q6, and 

Q10. Since this was an exploratory study, one limitation was that there were no expectations 

established for performance on individual questions, thus our results provide baseline data and 

expectations for further study. Further research should seek to examine this differential more 

closely by investigating the factors that influence the increases and decreases in performance 

for females and males on individual questions. Additionally, practice (i.e., test-retest) effects 

should be examined by accounting for the timing of instruction and assessments.   

In sum, our results – the strong general correlations between gender, mental rotation, 

and performance – taken into consideration together with the learning differential that we 

measured between females and males, underlines the significance of electrostatics as an area of 
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study where these well-established relationships and their effects are especially salient. One 

explanation for this may be that student understanding and performance in electrostatics may 

depend more heavily on previously established spatial skills than other introductory physics 

topics. This may exacerbate the effects of any differences that are present, which have been 

shown to appear in children as young as three to five months old and last into adulthood (Quinn 

& Liben, 2008, Gunderson et al., 2012). 

Fortunately, our results also predict that this cost-effective spatial pedagogical 

intervention may have a unique value and efficacy in terms of reducing gender gaps in STEM 

performance and understanding. The general nature of these results may indicate that 

performance and understanding in electrostatics may be strongly facilitated by general training 

in spatial skills. Further research should seek to establish causality with a more diverse sample, 

and in an experimental setting, with the goal of developing a standardized teaching module. 

Further research should also explore for learning differentials in a wider range of domains and 

demographics because the factors that influence spatial skills are not entirely known. Finally, 

these results may provide important evidence for the effectiveness of spatial pedagogical 

interventions on topics of study that make use of contour maps. Many domain-specific forms of 

contour maps exist, which share visual similarities and relational characteristics. Analogical 

reasoning and gesture may be especially effective at reducing gender differences in 

performance in this and other STEM topics that use contour maps (e.g., aeronautics, geology, 

magnetics, meteorology) or other 2D diagrams of 3D information. 
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Appendix 

Figure 1. 

Example of a topographic map and an equipotential diagram.  

  
Note. Analogical similarities between topographic maps and equipotential diagrams include: 

elevation with voltage, and steepness with electric field strength.  

 

Figure 2. 

Illustration of specific gestures included in the intervention instruction. 
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Figure 3. 

Average learning gains by instruction type and gender 

 
Note. Female participants benefitted more from intervention instruction, while male 

participants benefitted more from baseline instruction. 

 

Table 1. 

Results of t-tests Examining Differences in Learning Gains Between Female and Male Students  

Learning Gains All Participants 

(n=35) 

Female  

(n=19) 

Male  

(n=16) 

t 

Instruction Type M SD M SD M SD 

    Baseline 1.64 2.00 1.16 1.61 2.43 2.38 -1.73 

    Intervention 2.03 2.04 2.26 2.02 1.71 2.16 -0.74 

Note. While there was not a significant difference in learning gains between instruction types for 

all participants, there was a differential in the way genders benefitted from distinct instruction 

types.    

1.16, d=.72
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Table 2. 

Linear Regression Models 1-5: Examining the Relations Between MRT and Electrostatics 

Assessment scores 
 

Model 1 Model 2       

 
b(SE) B p b(SE) B p       

Intercept 4.62(0.61) 
 

<0.001*** 3.68(0.68) 
 

<0.001***       

MRT 0.07(0.04) 0.17 0.10 0.01(0.05) 0.02 0.91       

R2 0.02 -0.03       

 
Model 3 Model 4       

 
b(SE) B p b(SE) B p       

Intercept 4.07(0.87) 
 

<0.001*** 6.12(0.70) 
 

<0.001***       

MRT 0.10(0.06) 0.29 0.10 0.10(0.05) 0.35 0.04*       

R2 0.06 0.10       

 
Model 5        

 
b(SE) B p          

Intercept 6.54(0.49) 
 

<0.001***          

MRT 0.07(0.03) 0.17 0.02*          

R2 0.50        

Note. “MRT” = Mental Rotations Test. B are standardized betas. Numbers in parentheses are 

standard errors. R2 values are adjusted R2 values. 

*p < 0.05, ***p < 0.001  
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Table 3. 

Linear Regression Models 6-10: Examining the Relations Between Gender and Electrostatics 

Assessment scores 
 

Model 6 Model 7       

 
b(SE) B p b(SE) B p       

Intercept 5.37(0.29) 
 

<0.001*** 3.84(0.32) 
 

<0.001***       

Gender 0.46(0.44) 0.11 0.30 -0.20(0.49) -0.07 0.69       

R2 0.00 -0.03       

 
Model 8 Model 9       

 
b(SE) B p b(SE) B p       

Intercept 5.00(0.41) 
 

<0.001*** 7.26(0.34) 
 

<0.001***       

Gender 1.07(0.62) 0.30 0.10 0.52(0.53) 0.17 0.00       

R2 0.06 0.10       

 
Model 10        

 
b(SE) B p          

Intercept 7.29(0.30) 
 

<0.001***          

Gender 0.46(0.32) 0.11 0.15          

R2 0.49        

Note. “MRT” = Mental Rotations Test. B are standardized betas. Numbers in parentheses are 

standard errors. R2 values are adjusted R2 values. 

***p < 0.001  
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Table 4. 

Proportion of correct responses by electrostatics assessment and gender 

Assessment Gender Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

Pretest Female 0.27 0.41 0.05 0.32 0.66 0.27 0.54 0.41 0.56 0.39 

Posttest 1 Female 0.44 0.68 0.18 0.47 0.85 0.44 0.91 0.76 0.74 0.44 

Posttest 2 Female 0.23 0.90 0.32 0.55 0.58 0.26 0.97 0.90 0.87 0.74 

Pretest Male 0.20 0.57 0.11 0.40 0.51 0.54 0.69 0.34 0.43 0.20 

Posttest 1 Male 0.44 0.71 0.26 0.53 0.85 0.65 0.91 0.68 0.71 0.59 

Posttest 2 Male 0.45 0.64 0.45 0.68 0.82 0.73 0.95 0.86 0.86 0.86 
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