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INFLUENCE OF GENDER IDENTITY IN SPATIAL ABILITIES   

Abstract 

Broadly, gender identity research has received more attention in recent years as research indicates that 

previous conceptions about gender identity and incongruence with sex are incorrect and are now known 

to occur from biological and environmental differences. Much of the research on spatial cognition focuses 

on sex differences found among certain tests of spatial ability (e.g., Levine et al., 2016; Nazareth et al., 

2019; Voyer, Voyer, & Bryden, 1995). However, little to none of the research considers the role of gender 

identity in spatial abilities. Gender identity, defined as the internal identification and expression of gender 

(Money & Ehrhardt, 1987), differs from sex in the sense that sex is assigned by a physician at birth, and 

does not always represent how the individual identifies later in life. As not much research exists on the 

measurement of individuals high in masculine or feminine traits but who do not hit the threshold for 

gender incongruence with their sex, this study aims to address how varying levels of masculinity and 

femininity in individuals may influence performance on spatial ability tasks. Mental rotation tasks, spatial 

anxiety scales and object-location memory tasks were selected on the basis that each have a robust 

literature backing male or female advantages (ex: Voyer, Voyer, & Bryden, 1995; Lawton, 1994). Two 

marginal, but not statistically significant correlations were found and no other correlations were 

significant. Implications of these findings are discussed.  

 

Keywords: gender and sex differences, gender identity, spatial abilities, mental rotation, object-location 

memory, spatial anxiety 
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Process Analysis Statement 

 Much of the research on spatial cognition focuses on sex differences found among certain tests of 

spatial ability (e.g. mental rotation tasks, object location memory tasks, navigation, etc.). This research 

provided some interesting findings. Some studies found that biological factors such as age (e.g. Voyer, 

Voyer, & Bryden, 1995; Levine et al., 2016; Nazareth et al., 2019; Titze, Jansen & Heil, 2010; 

Neuburger, Jansen, Heil, & Quaiser-Pohl, 2011), levels of sex hormones (e.g. Buchsbaum & Henkin, 

1980; Resnick, Berenbaum, Gottesman, & Bouchard, 1986), brain connectivity (Williams, Barnett & 

Meck, 1990; Goldstein et al., 2001; Yuan et al., 2019) may influence abilities. Other research indicates 

that some social factors, like differences in play experiences and gender stereotyping of toys (e.g. Levine 

et al., 2016; Caldera et al., 1999; McGlone & Aronson, 2006) as well as the stereotypes placed on girls 

and boys, may be a factor as to why these differences develop. However, some researchers found that the 

observed sex differences could be changed through consistent training of spatial abilities (Joh, 2016; 

Feng, Spence & Pratt, 2007; Baenninger & Newcombe, 1989). In other words, with consistent training of 

spatial abilities through mediums like virtual reality or videogames, spatial abilities can improve.  

Broadly, gender identity research has received more attention in recent years as research indicates 

that previous conceptions about gender identity are incorrect and are now known to occur from biological 

and environmental differences. However, little to none of the research on spatial abilities considers the 

role of gender identity in spatial abilities. Gender identity, defined as the internal identification and 

expression of gender (Money & Ehrhardt, 1987), differs from sex in the sense that sex is assigned by a 

physician at birth, and does not always represent how the individual identifies later in life. Some studies 

indicate that different brain regions can be influenced by sex hormones which leads to “greater or less 

masculinization of the brain regions in prenatal development,” (Meyer-Bahlburg, 2019; Nguyen et al., 

2019). Sex differences occur in cognition as a result of this masculinization or lack thereof (e.g. spatial, 

language, nonverbal reasoning, motor and emotion identification), which are supported by fMRI studies 

that have detected different resting-state functional connectivity in each of these areas of cognition 

(Nguyen et al., 2019). This means that gender identity differences may have a neurobiological basis and 
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that these differences result in divergent performance on cognitive tasks compared to a “typical” 

individual who identifies congruently with their sex. Given the research on sex differences in spatial 

abilities mentioned above and neurological research on transgender individuals that indicates transgender 

individuals may exhibit more similar brain structure and function to their gender identity rather than their 

sex (e.g. Lin et al, 2014; Zubiaurre-Elorza et al., 2013; Luders et al., 2012; Nguyen et al., 2019), this 

study aimed to investigate how those high in masculine or feminine traits who do not hit the threshold for 

gender incongruence with their sex may perform differently on spatial tasks depending on which 

characteristics they exhibit.   

A Mental rotation task (MRT), spatial anxiety scale (SNS), and object-location memory task 

(OLM) were selected on the basis that each have a robust literature backing male or female advantages 

(mental rotation, a male advantage; object-location memory, a female advantage; spatial anxiety is 

observed more in females than in males). The purpose of the Mental Rotation Task (MRT) (Vandenberg 

& Kuse, 1978) is to assess the participant’s ability to view a drawing of an object and mentally 

manipulate said object into an imagined position without losing any characteristics of the original object. 

The purpose of the Object-Location Memory (OLM) (Boomgarden, Nardi, & Aronson, 2019) task 

remains to quantify participants’ ability to remember objects and their locations when presented with an 

array of objects. Lastly, the Spatial Anxiety Scale (SNS) (Lyons et al., 2018) was used to measure three 

aspects of spatial anxiety: mental manipulation (M), navigation (N) and imagery (I). The Gender-Related 

Attributes Survey (GERAS) (Gruber et al., 2020) was used to measure levels of masculinity and 

femininity in participants. The prediction was that, relative to those with female-dominant characteristics, 

individuals exhibiting stronger male-dominant characteristics will score higher on the mental rotation 

task, lower on the object-locaiton memory task, and lower on spatial anxiety scales. The opposite pattern 

will be true of those high in female-dominant characteristics.  

The study was approved by the Ball State IRB and followed APA ethical guidelines. A 

convenience sample of 52 participants was used and recruited by emails sent through the Ball State 

Communications Center and Ball State’s online participant recruitment software (SONA). Eight 
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participants’ data were excluded from the final analysis because seven did not fill out any measures on the 

survey and one did not complete the spatial anxiety scale, which was critical to this study’s hypotheses. 

Participants recruited through SONA received an hour of research credit and those recruited through 

email only received an equal opportunity to receive a $25 gift card of their choosing. Participants 

completed an online survey consisting of the informed consent document, the survey, and contact 

information for completion compensation. The survey consisted of the MRT, OLM, SNS, GERAS, a 

survey on spatial activities (SSRA) (Terlecki & Newcombe, 2005), and a childhood activities 

questionnaire (CAQ) (Cherney & Voyer, 2010), as well as demographic questions that took about thirty 

to forty-five minutes to complete.  

Correlations and partial correlations were conducted between the GERAS and the measures of 

spatial abilities. Only one marginal, but not significant, correlation was found (between the MRT and the 

GERAS)—no other correlators were significant. Only one marginal, but not significant, partial correlation 

was found (between GERAS and MRT scores controlling for SNS) and the rest were not significant.  

The absence of significant correlations may be from the population size of this study, as variance 

in gender identity may require a larger sample to observe. In addition, the participant pool was 

predominantly women (78%), white (86.5%), not married (96.2%), had obtained some college without a 

degree yet (59.6%) and the mean age was 20.24. With a more diverse population, different results may 

have been observed. Last, the online format of administering spatial ability tests may have made the tasks 

more difficult than originally intended. For future study, the participant pool needs to be expanded (to 

help catch more gender identity variance and being more inclusive of minorities) and the format of the 

tasks changed to in-person administration to eliminate the possible effect online tasks may have on 

participants.  

Although the results of this study did not find statistically significant results, it is still important to 

investigate the potential effect of gender identity on spatial abilities because one of the major implications 

of sex differences in spatial ability includes an under-representation of women in STEM fields. Certain 

spatial abilities, like mental rotation, are linked to mathematical ability, which is a gateway to STEM 
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careers. Because mathematical ability may be related to spatial ability, sex differences in spatial abilities 

may be where the under-representation of females in STEM careers originates In addition, if factors like 

gender identity are involved in that deficit, a better understanding of this relationship may provide insight 

on how to develop effective training programs for spatial abilities or inform parents on what activities 

they should encourage their children to engage in regardless of gender and biological sex. Given how 

influential these limitations may be on the results of this study, future research should focus on increasing 

the sample size to observe variation in gender identity, make sure that the sample is representative of the 

population used, use in-person administration, and remove the SSRA and CAQ to limit survey fatigue (or 

have the participant complete these items at another time).  
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Examining Gender Identity in Spatial Ability:  

Influences on Mental Rotation Tasks, Spatial Anxiety Scales, and Spatial Memory Tasks 

Spatial cognition refers to the way that individuals perceive, process, and interpret the spatial 

relationships of the world around them. From the specifics of how humans encode spatial relationships 

and information to the complexities of navigation, the field teems with possibilities for further study. One 

area of recent research in spatial cognition investigates sex differences repeatedly observed when 

examining the spatial abilities of males and females. Some of the specific spatial abilities, such as mental 

rotation abilities, have received far more attention regarding sex differences than other aspects of spatial 

cognition, such as spatial anxiety comparisons among men and women. However, research on gender 

identity within spatial cognition has not been examined closely and requires more study. The goal of the 

present study is to examine the role of gender identity differences in two spatial abilities, a mental rotation 

and an object-location memory task, along with observing levels of spatial anxiety in participants (a 

known moderator of spatial ability performance). Before the details of the current study are elaborated, 

broad research on sex differences in spatial abilities and the importance of examining gender identity are 

discussed.  

Sex Differences in Spatial Abilities 

          Sex differences found in humans regarding spatial abilities have theoretical and practical 

applications. One of the major implications of these differences is explained extensively by Levine et al. 

(2016) and documented by numerous other researchers: a comparative deficit in some spatial abilities 

(namely mental rotation ability) in females could explain why fewer females gravitate towards careers in 

the industries of science, technology, engineering and mathematics (STEM) and the possible corollary—

that reduced science and mathematical ability observed in females could be explained by deficits in 

spatial abilities. However, much research on sex differences fails to include possible gender identity 

differences, as sex and gender are two separate yet connected concepts. Specifically, sex refers to the 

categorization based upon biological genitalia by a physician at birth whereas gender identity refers to the 

internal and expressed personal conception of oneself as conforming with gender roles ascribed societally.  
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This distinction is especially important given that most studies examining gender differences in spatial 

abilities mistakenly do not distinguish between gender and sex. 

General Factors  

          The most robust findings in sex differences among males and females indicate that, in spatial 

abilities such as navigation or mental rotation, males tend to have an advantage over females in both 

accuracy and completion time (Voyer, Voyer, & Bryden, 1995; Levine et al., 2016; Nazareth et al., 2019). 

The first documented instances of sex differences in mental rotation occurred in three to five-month-old 

infants where Quinn and Liben (2008) observed boys and girls discriminating a mirror reflection of an 

object to the object itself. Quinn and Liben (2008) reported that boys made this distinction within the first 

five months while girls reportedly did not exhibit the same level of discrimination. They note that 

conclusions cannot be confirmed based upon these observations, as there may be a myriad of reasons why 

girls started longer at mirror images. On another hand, Levine, Huttenlocher, Taylor and Langrock (1999) 

and Ehrlich, Levine and Goldin-Meadow (2006) investigated mental rotation ability differences in 

preschool-aged children and observed that by four and a half years of age, differences in mental rotational 

ability were detected, though, boys’ and girls’ scores overlapped—the highest scores for boys and girls 

were the same. Research conducted by Voyer, Voyer, and Bryden (1995), Titze, Jansen, and Heil (2010), 

and Neuburger, Jansen, Heil, and Quaiser-Pohl (2011) may clear this up—they indicated the disparity in 

mental rotational ability grew as the children aged. This could be indicative of sex differences or it could 

result from the difficulty of mental rotation tasks provided to the children increasing as the children aged. 

However, Frick, Hansen, and Newcombe (2013), examining the same age group, found no 

significant difference in mental rotational ability until five years of age, which overlapped with Nazareth 

et al.’s (2019) conclusion that sex differences were not as prominent in those under 13 years of age 

specifically in navigational tasks. The purpose of Nazareth et al. (2019) was to estimate the magnitude of 

overall effect size of sex on spatial navigational abilities, as many studies reported varying effect sizes for 

sex differences on spatial ability related tasks. From their analysis, they found that recall and pointing 

tasks involving spatial navigation exhibited the largest magnitude of difference, larger than other 
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navigational tasks, such as distance evaluation or learning criterion. Nazareth et al.’s (2019) analysis also 

included moderator variables that could influence individual spatial abilities and partially explain some 

factors contributing to the sex difference, including the goal of the tasks, age, route directions, outcome 

measurements, environment used, presence of a timing condition, and the presence of feedback. However, 

consistent with the previously mentioned studies, Nazareth et al. (2019) found that participants under the 

age of 13 exhibited significantly less sex differences than those over the age of 13, but these differences 

were still observed in a different measure of spatial ability (navigation as opposed to mental rotation 

ability).  

Research on preschool-aged students by Joh (2016) and studies cited by Levine et al. (2016) on 

infants, preschool-aged children, and adolescents indicated a trend similar to what Nazareth et al. (2019) 

reported. Joh (2016) studied preschoolers on differences in spatial reasoning with and without training. 

She found that, before training, boys performed better than girls, but training increased this difference. 

When the preschoolers were given no additional training, the sex differences did not occur but with any 

additional training, no matter the type or duration, she observed steeper increases in the boys’ spatial 

reasoning skills. Joh explains that this result could likely occur from the encouraged use of certain toys 

for boys and girls. Often boys are encouraged to play with toys that promote more spatial awareness 

(blocks, trains, construction, etc.) while girls are not, which may be a contributing factor in the acquisition 

of spatial reasoning. Levine et al. (2016) specifically focused on studies involving mental rotation tasks, 

however the findings they reported on studies involving developing populations are still relevant to 

general sex differences observed in spatial ability tasks. Overall, the general findings of spatial abilities 

indicate that sex differences in spatial abilities increase as individuals age.  

Biological Factors  

          Studies researching the influence of hormones and the role of brain connectivity and functionality 

of structures have also made interesting discoveries on the underlying mechanisms of observed sex 

differences in spatial abilities. Toivainen et al. (2018) investigated the twin testosterone transfer (TTT) 

hypothesis that argued elevated levels of testosterone via inter-utero transmission in women with a male 
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co-twin may result in an advantage in spatial abilities for the female co-twin. They found that, in all 

spatial tasks, men performed significantly better than women and “women with a male co-twin performed 

better than women with a female twin” only in two of the fourteen spatial tasks and these differences were 

not significant (Toivainen et al., 2018). They also noted that women demonstrated higher spatial anxiety 

in all spatial tasks—something to be discussed later. In addition to the findings of Toivainen et al. (2018), 

various studies on levels of gonadal hormones in children and adolescents show that atypical hormone 

profiles and variations in developing children could have some effect on spatial reasoning (Buchsbaum & 

Henkin, 1980; Resnick, Berenbaum, Gottesman, & Bouchard, 1986; Grimshaw, Sitarenios, & Finegan, 

1995; Slabbekoorn et al., 1999; Hines, Ahmed, & Hughes, 2003; Pasterski et al., 2005; Cohen-Bendahan, 

Van De Beek, & Berenbaum, 2005; Sameroff, 2010; Vuoksimaa et al., 2010). In other words, in-utero 

transmission of gonadal hormones may not be as influential in individual spatial abilities as actual 

production of gonadal hormones. 

          Hormones may only be one aspect of the sex differences observed in spatial ability, though. 

Research conducted by Williams, Barnett and Meck (1990) indicate that higher levels of androgens in rats 

led to faster development of the dorsal stream, and with this increased development, these rats exhibited 

increased processing of object location and motion. This supports the hypothesis that toy preference in 

infancy may indicate a biological difference among rats—with the involvement of hormones potentially 

influencing brain connectivity. Goldstein et al. (2001) support this in their studies that examined 

differences in brain structure and function. They found that areas noted for their involvement in mental 

rotation tasks were slightly larger in males than in females relative to brain volume. One potential 

explanation of these differences references the disparity in gonadal hormones between males and females 

in addition to different experiences with mental rotation.  

Research by Yuan et al. (2019) provides some insight into brain functionality for large-scale 

(navigation and spatial orientation abilities; ability to change perspective in large environments) and 

small-scale (spatial visualization and spatial relations capabilities; two- and three-dimensional 

representations) spatial abilities. They found that males performed better than females in large and small-
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scale spatial ability. However, the magnitude of the difference was greater for large-scale abilities than for 

small-scale abilities. They also noted important moderator variables in spatial ability: age, region, 

education, and the time of research. When examining brain activation, they found that males and females 

showed similar and different neural activation for both small and large-scale spatial ability—for small-

scale spatial abilities there was greater activation in the “right sub-gyral, right precuneus and left middle 

frontal gyrus” and for large-scale greater activation occurred bilaterally in the lentiform nucleus and 

parahippocampal gyrus (Yuan et al., 2019). From this, Yuan et al. (2019) speculated that females 

performed worse in large-scale ability tasks because they were more susceptible to negative emotions 

during spatial tasks because their “parahippocampal gyrus worked less efficiently than in males.” As the 

lentiform nucleus has been extensively connected to individual’s negative emotions (and was activated in 

females in large-scale ability tasks) this could explain why females incur more spatial anxiety than males 

in these tasks.  

Yuan et al. (2019) also explained that females had better activation in the parahippocampal gyrus, 

but the reason why deficits in large-scale spatial ability are still apparent may be the functionality of this 

area—it could be working less efficiently. As for small-scale spatial ability, Yuan et al. (2019) explained 

that females may experience a deficit in spatial ability here because, as a whole, they mostly adopted an 

egocentric strategy to complete the task when, typically, these tasks are easier to complete with an 

allocentric perspective. They also noted that a less efficient sub-gyral area may also be the culprit of this 

deficit. Overall, they concluded that the sex differences in small and large-scale spatial ability may arise 

from different neural bases but the evidence for why this occurs is unclear. Yuan et al. (2019) did not 

investigate the influence of hormones on brain structure functionality and connectivity, but these findings 

remain important because they explain the underlying structures and processes that may be involved in 

these sex differences as well as a structural explanation for the effect of spatial anxiety on spatial abilities. 

Contributing Social Factors 

In addition to studies investigating the genetic aspects of sex differences in spatial ability, many 

studies have also examined how various social and environmental factors may influence or create these 
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differences. Levine et al. (2016) cites several sources that attribute differences in mental rotational ability 

to the influence of different play experiences and gender stereotypes placed on infants and children, the 

development of spatial anxiety, and the role of cultural context within and across culture variation. 

General observations from studies examining the play experiences of children have concluded that 

children who engage in masculine-stereotypes play experiences scored higher on mental rotation tasks 

along with other spatial ability tests (Connor & Serbin, 1977; Caldera, Huston, & O’Brien, 1989; Saracho 

& Spodek, 1995; Caldera et al., 1999; Terlecki & Newcombe, 2005; Nazareth, Herrera, & Pruden, 2013). 

However, the causal relationship of these variables is unclear given that while expressed gender 

stereotypes of parents and teachers onto children could lead to children’s engagement in activities that 

encourage growth of spatial reasoning, it is also possible that these effects are the result of preferences of 

children to play with certain toys.  

Research conducted by Caldera, Huston, and O’Brien (1989), Beilock (2008), Campbell and 

Collaer (2009), and Carrell, Page and West (2009) on gender stereotypes indicate that these stereotypes 

have some underlying effect on women and girls. For example, McGlone and Aronson (2006) 

investigated stereotype threat in women who completed a mental rotation task after being primed with 

either their gender identity or the college they attended. They found that women performed worse after 

being primed with their identity while men performed better when primed in the same way. The threat of 

not performing well on the mental rotation task based on their gender could lead to spatial anxiety 

(anxiety related to imaginal or actual performance of spatial tasks, such as navigation, mentally rotating 

objects, etc.), leading to poor performance on the task. Tarampi, Heydari, and Hegarty (2016) note the 

same finding in their study that investigated if social factors accounted for differences in spatial 

perspective taking. The results of Tarampi, Heydari, and Hegarty (2016) indicate that females may 

underperform on spatial tests partially due to negative performance expectations and the nature of spatial 

tests rather than strictly a lack of ability. Along with Caldera, Huston, and O’Brien (1989) other 

researchers have proposed that a stereotype threat for females may trigger spatial anxiety and then lead to 

depletion of working memory resources, as the individual attempts to suppress negative stereotypes and 
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increase positive stereotypes (Beilock, 2008; Campbell & Collaer, 2009; Carrell, Page & West, 2009; 

McGlone & Aronson, 2006). In other words, the way that spatial abilities are traditionally measured may 

be partially responsible for the sex differences observed—an underestimation of female abilities.  

Impact of Training 

          One of the more interesting findings within research on sex differences in spatial ability lies 

within the malleability of performance on spatial ability tasks (Levine et al., 2016). These training studies 

focus on the malleability of acquiring spatial skills and how that translates to the observed sex differences 

in spatial abilities. Not only do these studies focus on the ability of females to obtain the same or similar 

levels of spatial abilities as males, but these studies also focus on determining if males are inherently 

spatially inclined or if excess engagement in these activities stems from actual interest in spatial activities 

(Levine et al., 2016). Mentioned earlier, Joh (2016) noted that, in preschoolers, spatial reasoning skills 

could improve when training was implemented, but that training only increased the sex difference 

between boys and girls. No matter the type or duration of training, boys experienced a steeper increase in 

spatial reasoning ability. However, these findings are constrained to younger populations, which, as 

established earlier, exhibit slightly different patterns of sex differences. 

Feng, Spence, and Pratt (2007) demonstrated the effect of training in their research which 

examined the influence of videogames on spatial abilities in males and females. Their research focused on 

deficits in spatial attention, which provide the basis for higher-level spatial cognition. They conducted 

two experiments: one that examined differences among groups as defined by field of study, sex, and 

experience with videogames for spatial attention while the other investigated changes among males and 

females in spatial cognition and attention before and after video game training for ten hours. Although 

differences between males and females were apparent, with ten hours of video game training, the 

differences in spatial attention decreased along with  the differences in mental rotational ability. Females 

appeared to improve their spatial abilities more after training then males that played the game and those 

that played a non-action game did not improve in either task. The authors explain that these results 

indicate that mental rotation improvements are in part dependent upon spatial attention, otherwise gains in 
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spatial attention would not have affected spatial abilities in participants. A metanalysis conducted by 

Baenninger and Newcombe (1989) found that training more intense than an initial practice session 

provided the most improvement in the scores of males and females; although the females’ scores did not 

equate the males’ scores after training, there still appeared to be significant improvement. As the findings 

of Joh (2016), Feng, Spence, and Pratt (2007), and Baenninger and Newcombe (1989) indicate, generally 

spatial abilities improve from training with spatial tasks, specifically training seems to have a significant 

influence on spatial navigation and mental rotation task performance. However, more research is needed 

to make any concrete conclusions. 

The Role of Gender Identity in Spatial Abilities 

          As mentioned earlier, this review intends to elucidate an important distinction often overlooked in 

spatial cognition research—the difference between sex and gender. What follows includes a general 

overview of the appropriate terminology and their operational definitions, for this study, of gender, sex, 

masculinity, femininity and variations of gender identity and expression. Next, a discussion of the 

existing frameworks of gender, which include developmental, social and continuums of masculinity and 

femininity. In addition, research on the empirical validation of gender identity as well as historical and 

current scales assessing masculinity and femininity are addressed. 

General Terminology 

Gender Identity and Sex. The internal identification and expression of gender is termed as 

gender identity, whereas sex (often referred to as biological or natal sex, but these labels can often be 

stigmatizing) refers to the assigned sex at birth by a physician (Money & Eharhardt, 1987; Reinisch, 

Rosenblum, & Sanders, 1987; Roselli, 2018; Nguyen et al., 2019). The distinction between sex and 

gender remains of importance because, as Money and Ehrhardt (1987) explain, gender identity of an 

individual does not necessarily differentiate in conformity with an individual’s sex. For example, intersex 

individuals may be categorized as either sex at birth, but this does not guarantee that this individual will 

internally identify with this distinction. For example, intersex individuals may identify with any gender 

identity depending on their sense of self and how they are raised (Money & Ehrhardt, 1987). Roselli 
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(2018) notes that “sexual differentiation of the genitals occurs separately from the differentiation of the 

brain,” which is what makes an incongruence between sex and gender possible. An individual’s genes, 

neuroanatomy, and hormones are all involved in variations among gender identity and sex—discussed 

later within neurobiological findings and theories of gender variation.    

Defining the Continuum of Masculinity and Femininity. Gender can be expressed in many 

ways, the most notable of which society defines as masculinity and femininity. However, concrete as they 

may sound, these two concepts remain dynamic and subjective, as their basis relies on interpretation of 

gender-stereotypic characteristics, behavior, and traits (Lippa, 2005). Gender stereotypes, in this sense are 

not limited to those about personality traits specifically  (Deaux & Major, 1987). Much debate exists on 

whether these categories are biologically inherent in humans or if they are socially determined. 

Historically, masculinity and femininity have been studied using a bipolar assumption but many scholars 

(Bem, 1974; Constantinople, 2005; Spence, Helmreich, Stapp, 1974) argued that this assumes that 

masculinity and femininity cannot be expressed concurrently within an individual.  

For example, Constantinople argued that many masculinity and femininity scales included a 

hodgepodge of items that did not correlate with each other, so she conducted a factor analysis that found 

that different masculinity and femininity scales included several underlying factors that contributed to 

scores on these scales and that different commonly-used masculinity and femininity scales did not 

correlate with each other (Lippa, 2005). Along with Constantinople, Bem (1974) argued that masculinity 

and femininity should be classified as separate dimensions rather than on a bipolar scale. Bem (1974) 

later developed a scale, the Bem Sex Role Inventory (BSRI), that assessed agentic, “goal-oriented and 

focused on the external world,” and communal, people-oriented and focused on the internal world, traits. 

Individuals were scored on feminie (communal) traits and masculine (agentic) traits on this scale 

separately, allowing for individuals to receive high scores on both measures, low scores on both or any 

variation in between (Bem, 1974). The BSRI allowed for dynamic assessment of gender identity rather 

than viewing masculinity and femininity as a fixed, internal personality trait. Myers and Gonda, (1982) 

and Deaux and Lewis (1984) confirmed that individual’s perceptions of gender and masculinity and 
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femininity lie more in physical traits, social roles, occupations, and biological characteristics, in addition 

to personality traits (Lippa, 2005).  

Along with this, Helgeson (1994) also found that “conceptions of masculinity and femininity are 

multifaceted” and defined in terms of personality traits, interests, and physical appearance. Attractiveness 

was also found to be correlated more with identity with femininity in women and unattractiveness to 

masculinity (Lippa, 2005). The culmination of this research, when viewed together, indicated that not 

only are conceptualizations of masculinity and femininity “fuzzy” in the sense that they lack clear 

boundaries, but also that these concepts can be defined by many attributes which means that measures of 

gender identity must include more than only an inventory of personality or biological characteristics 

associated with gender.  

Lippa (2005) argues that even with this uncertain conceptualization, research cannot cease 

continuing to define these constructs, as masculinity and femininity seem to have cultural and societal 

importance. Lippa proposed an alternative model of measuring masculinity and femininity called gender 

diagnosticity (GD) which estimates the probability of an individual being male or female while also 

considering culture and time. This measure still used a bipolar model of masculinity and femininity, but it 

allows the culture and time of the individual to dictate scores. For example, a woman from 1900 would be 

held to a different cultural standard of femininity than a woman today, and Lippa’s (2005) model 

accounts for this. The important takeaway from the discussion of masculinity and femininity and how to 

accurately measure them, though, remains that differing variations of gender expression are possible in 

each individual, even if this individual defines themselves as cisgender. Variations in gender identity and 

expression, whether this be from mere levels of non-conforming masculinity and femininity in cisgender 

individuals or the variation in transgender, genderfluid, non-binary and intersex individuals, potentially 

could influence mental rotation tasks, object-location memory tasks and spatial anxiety levels, as 

empirical validation of these differences later suggest. 

Variations in Gender Identity and Expression. What happens when an individual’s gender 

identity and sex do not align? Broadly, this is termed a gender-identity variant but more specifically to be 
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known as transgender, non-binary, genderfluid, and intersex individuals. Meyer-Bahlburg (2019) notes 

that there are many factors that contribute to the variations in gender identity observed today, from 

genetics to hormones to neural functioning, but that the human conditions now, in the Anthropocene, are 

different from when humans biologically evolved so humans should not be held to the same binary 

standard as when reproduction was essential to survival, as it is not now. Building upon this, Money 

(1987) explained that gender identity originates from three components: nature, the critical-period, and 

nurture. Nature, the genetic, hormonal, and neurological makeup of an individual is determined at birth 

and as the brain develops. The critical-period, which Money (1987) defines as around 5-7 years of age, 

occurs when a child starts to become stable in their gender identity in relation to their peers around them. 

Nurture refers to how the child is raised by their parents or guardians. For example, a boy who plays with 

dolls or wears dresses may be more likely to display feminie characteristics than a boy who was raised in 

a household that bolstered masculinity. The interaction between these components is what creates an 

individual’s unique gender identity. Nguyen et al. (2019) notes that, because of these different factors, 

there can be no clear distinction between the male and female brain. Mentioned before, different brain 

regions can be influenced by hormones which leads to greater or less masculinization of brain regions 

(Nguyen et al., 2019).  

          From this, different patterns of sex differences in cognition can occur, namely spatial, language, 

nonverbal reasoning, motor and emotion identification. Nguyen et al. (2019) explains that different 

resting-state functional connectivity in fMRIs are observed in each of these areas of cognition. Males tend 

to display more between-network connectivity while females tend to display more within-network 

connectivity—an important indicator of how masculinized or feminized a brain is. Nguyen et al. (2019) 

specifically studied the effect of Gender Alteration Hormone Therapy (GAHT) on brain structure, 

function, and connectivity over extended periods of time, as not much can be ascertained about how 

differences in brain function before hormone therapy occur as a result of gender identity. Current studies 

are conflicted on whether the “neuroanatomy of transgender individuals prior to GAHT resembles that of 

their biological sex or gender identity,” (Nguyen et al., 2019). However, the research supports that brain 
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structure, function, and connectivity of transgender individuals in cognitive tasks resemble their gender 

identity more than their sex in those who have not undergone GAHT (Nguyen, 2019). Further research in 

this area could potentially support the current understanding of developmental origins of gender identity 

and sex differences. Connecting this back to the findings of Money (1987) and Meyer-Bahlburg (2019), 

Nguyen et al. (2019) establish that gender identity differences have a neurobiological basis and that these 

differences result in divergent performance on cognitive tasks than a “typical” individual who identifies 

congruently with their sex. With the understanding that individuals who report their gender as 

incongruent with their sex have differing neural circuitry that parallel that of their gender identity, the 

current study addresses the hypothesis that individuals who identify strongly with a gender identity that is 

atypical for their sex (but do not perceive their gender as incongruent with their sex) may exhibit similar 

differences in neural circuitry, and this could impact performance on mental rotation tasks, object-

location memory tasks, and levels of spatial anxiety.  

Existing Frameworks of Gender 

Social Theories. Social theories of gender identity focus on defining the specific social factors 

that result in the conceptualization of gender and sex, how they are used, and the implications of this use 

on individuals in a society. Social constructionism, gender schema and social role theories are the main 

domains that social theories of gender identity encompass, but these theories are interwoven within each 

other. Discussions of these theories are instrumental when examining the role of gender identity and 

performance on spatial ability tasks as social conceptualizations of gender and gender stereotypes can 

have direct influences on cognitive abilities.  

          Social constructionism focuses on defining knowledge, in this case gender knowledge, as an 

account of reality created by all members of a society (Eagly, Beall, & Sternberg, 2004). In the aspect of 

gender, social constructionists believe that gender is not strictly determined by social phenomena that is 

“picturesque” of reality, but that the socially defined concepts and categories are what provides the basis 

for what members of the society accept as reality and that individuals only select from concepts and 

categories that are already defined. In this sense, gender is not strictly socially determined, but the 
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assumptions and linguistic constraints produced by society to talk about gender are the products of social 

negotiations. Since language helps define and guide our actions, it also creates the way we evaluate and 

react to stimuli in the environment, and therefore is our representation of reality (Eagly, Beall, & 

Sternberg, 2005). The concepts and categories associated with gender then work to control the social 

behavior and identity an individual assumes. Given that gender is socially-defined, social constructionists 

reject that gender is a set of individual-level characteristics and that it is an enduring and static aspect of 

the self. Eagly, Beall, and Sternberg (2005) explain that social constructionists focus on individuals and 

how they interact with gender within the confines of their culturally-defined framework and that strong 

reactions to ways of ‘doing’ gender occur because of this. The cultural repertoire of gender then serves to 

maintain separation between men and women (Eagly, Beall, & Sternberg, 2005). The same concept is 

endorsed by those who support gender schema and social role theories. 

          The theory of gender schema, proposed by Bem (1981), asserts that people “learn a complex 

network of gender-related concepts and symbols form their culture,” similar to social constructionism in 

the sense that gender may be learned from the norms of society. In accordance with social 

constructionism, gender schema theory explains that individuals, once they develop their gender schemas, 

tend to view their own and other’s behavior through the lens of this schema. Those defined as gender-

schematic view themselves and others strongly in terms of gender-stereotypes and their “roles” within 

society, trying their best to keep themselves and others within these constraints (Lippa, 2005). Bem 

explains, as Eagly, Beall, and Sternberg did, that gender schemas originate strongly from one’s culture 

and the representations of that in the ones they closely align themselves with (peers, family, etc.).   

Social role theory builds on this by asserting that gender stereotypes are built upon the roles that 

males and females are assigned in society which later result in gender-typed behavior (Lippa, 2005). In 

other words, because men and women are assigned different roles within society, stereotypes are created 

based upon the positions within those roles and reinforce the societally exhibited behavior of those gender 

identities. This leads to a type of self-fulfilling prophecy within gender. Steele (1997) notes that 

stereotype threat can result from this experience in the sense that, when gender stereotypes are triggered 
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in a negative way, the individual experienced anxiety and a decrease in cognitive function as their identity 

is challenged (hence the investigation of spatial anxiety within the current study).  To circle back to the 

discussion of gender identity development, the acquired gender knowledge of children as they develop 

then influences the sex-typed behavior they exhibit in order to express the contents of the social 

consciousness of gender that are represented in society. Exhibited historically in research, this leads to 

strong sex-typed behavior in children as they are taught to have activity and toy preferences before they 

can label themselves as male or female, focus more on an actor of their same sex in television shows, and 

avoid toys associated with another gender merely by experimenters manipulations (Campbell, Shirley, 

Heywood, & Crook, 2000; Slaby & Frey, 1975; Luecke-Aleksa, Anderson, Collins & Schmitt, 1995; 

Martin, Eisenbud & Rose, 1995).  

The important concept to draw from examining social constructionism, gender schema theories, 

and social role theories remains that, although gender appears to be socially defined, these ascriptions 

from society can be internalized and may result in corresponding cognitive responses (such as anxiety that 

results from stereotype threat) that effect specific cognitive abilities. In other words, this internalization of 

gender could lead to the sex differences we observe in spatial abilities, as the individual differences in 

gender among individuals are not considered in the literature, therefore could reasonably be an extraneous 

variable in the literature for spatial abilities.  

Neurobiological Findings and Theories of Gender Variance. Mentioned before in variation of 

gender identity and expression and throughout this review, variations in both gender identity and sex exist 

and can be studied regarding neuroanatomy and function within the brain. Nguyen et al. (2019) explains 

that, in fetal development, the exposure levels of testosterone and estrogen influence the masculinization 

or feminization of the fetus’ brain. As the individual develops, those who experienced a masculinization 

of the brain in fetal development (exposure to testosterone and its aromatization to estrogen) experience 

more between-network connectivity, larger grey matter volume and lower grey matter density in 

adolescence. Into adulthood, these individuals tend to have more total brain volume, grey matter and 

white matter volume, cerebrospinal fluid volume and larger volumes in the central subdivision of the bed 
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nucleus stria terminalis (Nguyen et al., 2019). For those that experience a feminization of the brain in fetal 

development (absence of androgen production and estrogen-binding activity of the alpha-fetoprotein), 

brain differences are observed in within-network connectivity—these individuals have more of it but less 

between-network connectivity. In addition, these individuals also experience less comparative brain 

volume, grey matter volume (but they do have denser grey volume, leading to a thicker cortex), white 

matter volume, and cerebrospinal fluid volume. Reinisch, Rosenblum, and Sanders (1987) explain that 

differing levels of androgens along with differing steroid metabolism could possibly account for the 

differences observed in structure and function of female and male brains—referred to as regulatory 

phenotype of the individual.  In sum, overall levels of testosterone, estrogen and progesterone influence 

neurotransmitter levels and receptions within the brain which then lead to differing neuronal structure and 

function. 

Nguyen et al. (2019) notes that the process of masculinization and feminization of the fetal brain 

is not black and white, it is more of a ‘mosaic’ in the sense that levels of androgens can vary among 

individuals and the distinction between a male and female brain are not clear cut. The importance of these 

structural and functional differences lies in the patterns of cognition that are influenced by these 

differences. Nguyen et al. (2019) explains that cognitive differences created by sex, including spatial, 

emotional identification, language, etc., are translated to sex differences observed in resting fMRI scans. 

They note that differences in between-network and within-network connectivity may be an underlying 

factor in these differences but that, again, these vary from individual to individual as the hormonal 

makeup of the individual has shown to alter the structure and function of the brain. Specifically, among 

transgender individuals that meet the criteria for gender dysphoria these individuals show structural 

differences in cortical thickness, grey matter volume, structural connectivity, white matter microstructure, 

and corpus callosum shape that resembles the anatomy associated with their gender identity rather than 

their sex (Zubiaurre-Elorza et al., 2013; Luders et al., 2012; Simon et al., 2013; Rametti et al., 2011; 

Kranz et al., 2014).  
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Functionally, these individuals show patterns of connectivity between and within brain structures 

that also is consistent with the gender identity rather than their sex (Lin et al., 2014). Similar to the 

interest of the current study, Nguyen notes that performance on cognitive tasks by transgender individuals 

before hormone therapy were more consistent with their gender identity than sex including verbal tests 

and mental rotation tasks. Roselli (2018) proposes that these structural and functional differences, since 

they extend beyond the areas associated with sex and endocrine function, could change the way that we 

examine transgender individuals as their brains show consistent evidence that identification lies within 

their gender identification rather than their sex. Extending beyond only transgender individuals, those that 

experience these neurobiological variations inconsistent with their sex, but still identify their gender as 

congruent with their sex may possibly still exhibit these differing structural and functional differences 

leading to different patterns of cognition than traditionally observed by someone within that sex and 

gender identity classification, hence the importance of this in relation to spatial abilities. If individuals 

who differ in terms of masculine and feminine characteristics they exhibit in relation to those observed in 

accordance with their sex differ in brain structure, function and connectivity as individuals who view their 

gender as incongruent with their sex, the same differences in cognitive abilities may also be observed, 

which could include differnces in spatial abilities.  

Measurement Scales to Assess Gender Identity 

          How do we measure gender identity then? Unfortunately, no simple answer exists to this 

question, as gender identity is a fluid concept that addresses biological, psychological, and sociological 

constructs. Attempts to reify gender identity into a measurable scale are most notably achieved by 

assessing masculinity and femininity (both directly and indirectly) as well as having the individual self-

identity their sex and gender. Bem’s (1974) Sex Role Inventory (BSRI), the Sexual Identity Scale (SIS), 

Gender-Related Attributes Survey (GERAS), and the Multidimensional Sex/Gender Measure all attempt 

to measure these constructs. The BSRI attempts to address perceived understandings of masculinity and 

femininity (which sum to gender identity) within an individual and also with respect to their environment 

(how they assess others for gender). These scales focus more on indirectly assessing personality traits 
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associated with masculinity and femininity, which is also one of the main criticisms of these scales 

(Myers & Gonda, 1982; Jackson, 1985).  

The SIS takes an alternative approach, using direct methods of assessing masculinity and 

femininity in those that take the scale. This measure takes altered forms of the Masculinity Trait Index 

(MTI) and Femininity Trait Index (FTI) from the BSRI and re-words them to provide a standardized 

understanding of what masculinity and femininity are for both the researcher and participant (Stern, 

Barak, & Gould, 1987). The SIS also uses a bipolar, multifaceted approach to assessing gender identity 

by including dimensions involving how the participant feels about their gender (personality/emotionality), 

how they assess their looks in relation to their gender (physical/biological), their actions in society in 

regards to their gender (society/occupational) and their various interests and how this intersects with 

gender (cognitive/intellectual) rating these responses on a bipolar scale of masculinity and femininity 

(Stern, Barak, & Gould, 1987). When validating their scale, Stern, Barak, and Gould (1987) found that 

women tested with this scale did not respond entirely the same as others of their sex for both the interest 

and action dimensions, meaning that women were more likely to identify with masculine characteristics 

than men were to identify with feminine characteristics. With this, the SIS validates the aim of the current 

study, which is to assess these smaller variations in gender identity and their corresponding influence on 

performance for mental rotation tasks, object-location tasks and spatial anxiety. 

          In addition to the BSRI and the SIS, the GERAS assesses what they define as “traditional” 

masculinity and femininity defined by gender-related self-concept, in a similar fashion to how the BSRI 

choses items based upon personality traits associated with masculine and feminine traits (Gruber et al., 

2020). The GERAS assesses personality characteristics, cognitions and activities and interests as the core 

aspects of masculinity and femininity (Gruber et al., 2020). Through this, the GERAS aims to encompass 

gender-role identity in a multidimensional approach regarding personality characteristics, cognitions, 

behavior, interests, and attitudes and beliefs, like the SIS. As this measure is a blend of both the 

approaches of the BSRI, which focuses more on gender-typical personality traits, and the SIS, which 
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addresses a holistic and multidimensional method of assessing gender identity through considering factors 

not strictly related to personality traits, this is the measure chosen for the current study. 

In addition to this measure, the current study also takes an approach similar to Fraser (2018) and 

the Multidimensional Sex/Gender Measure mentioned in Meyer-Bahlburg (2019) by asking participants 

to self-report and describe their sex and gender identity (with options more inclusive than only male and 

female). Not only does this break down stigma in place associated with identifying as transgender and 

intersex, but this approach also provides more precise data to assess the effects of the tasks and spatial 

anxiety scale on the individual participating. For example, by limiting a question of gender identity to 

only male, female and transgender options, this could miss important distinctions in the data for non-

binary, genderfluid and individuals who are male-to-female or female-to-male transgender. 

The Current Study 

          Demonstrated through the sources cited within this review, the importance of investigating 

gender differences in spatial ability is paramount. From the implications that sex differences have on 

memory, perception, and decision-making, to increasing the representation of women in STEM fields, 

this growing field of research still needs more contributors. However, not many studies to date have 

examined the role of gender identity in spatial abilities; rather they have focused on biological sex. 

Neurological structure and function studies (e.g. Lin et al, 2014; Zubiaurre-Elorza et al., 2013; Luders et 

al., 2012) have demonstrated the differences in brain composition of those that identify with a different 

gender than their sex; this gives reason to believe that gender identity (that is not transgender, intersex, 

etc.) might be an individual characteristic that is dissociated from sex and that may predict performance in 

spatial abilities. This study is aimed to examine this. According to the robust literature on mental rotation 

tasks, males tend to perform better on mental rotation tasks than females, so this task was chosen to 

investigate the role of gender identity on spatial tasks. As these sex differences are rather stable, this task 

could help elucidate the relationship between masculine traits and spatial ability. Not as robust are the 

findings on spatial anxiety and OLM tasks, but these results are still fairly consistent so the aim of 

including these measures is to investigate the influence of feminie traits on spatial tasks (OLM) as well as 
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the role of anxiety in spatial task performance, as studies have shown (ex: Eysenck & Calvo, 1992)  the 

impact of anxiety on performance.  

The hypotheses of this study are as follows. Relative to those with female-dominant 

characteristics—individuals exhibiting stronger male-dominant characteristics will score  

1) higher on the mental rotation task;  

2) lower on the object-location memory task;  

3) and lower on the spatial anxiety scales.  

The opposite pattern will be true of those high in female-dominant characteristics. 

Methods 

Participants  

 Fifty-two participants from Ball State University recruited via convenience sampling through 

emails sent by the Ball State Communication Center, Psychological Science Department and through Ball 

State’s online participant recruitment software (SONA) participated in the current study. Participants 

collected through SONA received course credit for their participation and individuals who participated 

without course credit were given an equal opportunity to receive a $25 gift card of their choosing. 

Inclusion characteristics included those who were above the age of 18, and any data received by 

participants under the age of 18 was discarded. All procedures were approved by the Ball State University 

IRB (IRB identification number: 1694568) and follow APA ethical standards.  

Measures  

 In addition to basic demographic questions (age, ethnicity, level of education, etc.) participants 

completed a Mental Rotation Task (Vandenberg & Kuse, 1978), Object-Location Memory task (similar to 

Silverman & Eals, 1992), Spatial Anxiety Scale (Lyons et al., 2018), Multidimensional Sex/Gender 

measure (Bauer, Braimoh, Scheim, & Dharma, 2017), Gender-Related Attributes Survey (Gruber et al., 

2020), a Survey of Spatial Representation and Activities (Terlecki & Newcombe, 2005) and a Childhood 

Activities Questionnaire (Cherney & Voyer, 2010).  

Mental Rotation Task 
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The purpose of the Mental Rotation Task (MRT) is to assess the participant’s ability to view a 

drawing of an object and mentally manipulate said object into an imagined position without losing any 

characteristics of the original object. As the literature notes robust evidence for sex differences in mental 

rotational abilities favoring males (ex: Linn & Petersen, 1985; Voyer, Voyer & Bryden, 1995), this 

measure was included to test the prediction that individuals whose identity exhibits more masculine 

presenting traits would score higher on spatial ability measures observed to have a high sex difference 

favoring males. An adapted version of the Vandenberg and Kuse (1978) written MRT was used where 

participants were presented with 20 questions and asked to indicate which two of the four multiple-choice 

responses are the same as the presented figure. Before participants were presented with the multiple-

choice questions, they received a written tutorial on how to complete the task along with three practice 

questions (presented in Appendix A). The task was split into two sections (10 questions each) that 

participants were given 3 minutes each to complete (total of 6 minutes). Answers were scored based upon 

correct identification of both possible orientations of the presented figure (one point will be awarded for 

both correct answers). Higher scores indicate better mental rotational ability while lower scores indicate 

lower mental rotation ability.  

Object-Location Memory Task 

The purpose of the Object-Location Memory (OLM) task remains to quantify participants’ ability 

to remember objects and their locations when presented with an array of objects. Contrary to the sex 

differences on the MRT, research on the OLM task indicates an advantage for females when examining 

accuracy on OLM tasks (Silverman & Eals, 1992; Ecuyer-Dab & Robert, 2007). However, some studies 

(ex: Voyer et al., 2007) have indicated that these findings do not translate as clearly into support for an 

evolutionary hypothesis as Silverman and Eals (1992) report them to be, but they do note that substantial 

evidence supports a female advantage on the task. An adapted version of Silverman and Eals’ (1992) task 

was administered to participants. The stimuli in this task consists of an array of 30 random open-source 

images of objects, referred to as an encoding sheet created by Boomgarden, Nardi, and Aronson (2019) 

and provided in Appendix B. Participants were given one minute to encode the objects on the encoding 
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sheet and then were presented with a test sheet composed of another array of 30 random open-source 

images of objects. On the test sheet 16 of the objects were placed in different locations and participants 

were instructed to indicate (in a multi-answer multiple-choice format) all objects that were moved. For 

scoring, any object that was correctly identified counted for one point while any object incorrectly 

identified counted for no points. A higher score (with a maximum of 16 points) indicated better OLM 

while a lower score (minimum of 0 points) indicated worse OLM.  

Spatial Anxiety Scale  

As research by Lawton (1994) indicated, a form of state anxiety called spatial anxiety negatively 

influences performance on spatial ability tasks, as the processing efficiency hypothesis explains that state 

anxiety reduces the storage and processing capacity of working memory (Eysenck & Calvo, 1992). 

Eysenck and Calvo (1992) explain that task efficiency (degree of effort used to complete a task) decreases 

as state anxiety increases due to the number of cognitive resources declining. Therefore, individuals who 

fear becoming disoriented in their environment feel tension while engaging in the spatial tasks because of 

their reduced capacity to engage in information. However, the literature on spatial anxiety shows robust 

support that sex differences in this type of state anxiety provide for a disadvantage in female participants 

(Lawton, 1994, 1996; Nori et al., 2009; Schmitz, 1997) when completing spatial ability tasks. Some 

authors (ex: McGlone & Aronson, 2006; Tarampi, Heydari, & Hegarty, 2016) speculate this is due to 

stereotype threat in females when presented with spatial tasks, but the evidence is not clear yet on the 

exact origins of spatial anxiety. 

 Lawton (1994) created the first Spatial Anxiety scale, and this measure is well-used within the 

field, but, as Lyons et al. (2018) notes, Lawton’s measure only assesses environmental navigation anxiety, 

which is one element of the larger construct of spatial anxiety. In accordance with this, Lyons et al.’s 

(2018) Spatial Anxiety Scale (SNS) was used in the current study, as not only does this measure assess 

three aspects of spatial anxiety (mental manipulation (M), navigation (N) and imagery (I)), but it also 

showed internal reliability (M: α = .877, N: α = .864, I: α = .810) and, when compared to actual 

performance on each spatial task, anxiety scores exhibited external validity by reflected actual ability on 
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those tasks (Lyons et al., 2018). The SNS consists of 24 total items (eight for each subsection—two items 

from each subsection provided in Appendix C) where participants were asked to indicate the amount of 

anxiety they would have in each situation on a Likert scale of 1 (not at all) to 5 (very much). Responses 

were scored from 0 (not at all) to 4 (very much) and were combined for an overall score and individual 

section scores. Scores ranged from 0-96, where lower scores indicate lower levels of spatial anxiety and 

higher scores indicate higher levels of spatial anxiety.  

Multidimensional Sex/Gender Measure 

The goal of the Multidimenstional Sex/Gender Measure (MSGM) is to accurately represent 

individuals who live life with a gender that is incongruent with their assigned sex at birth. An adapted 

version of the MSGM provided in Bauer, Braimoh, Scheim, & Dharma (2017) was used in the present 

study. This measure consists of three questions: “What sex were you assigned at birth, meaning your 

original birth certificate?,” “Which best describes your current gender identity?,” and “What gender do 

you current live as in you day-to-day life?.” Answers to question one included “male” and “female,” those 

to question two included “male,” “female,” “Indigenous or other cultural gender minority identity (e.g. 

two-spirit),” and “something else (e.g. gender fluid, non-binary),” and answers for question three included 

“male,” “female,” “sometimes male, sometime female,” and “something other than male or female.” The 

version of MSGM created by Bauer, Braimoh, Scheim, & Dharma (2017) only administered the third 

question to individuals who indicated a different gender identity than their birth-assigned sex because this 

is not pertinent for every study, but the current study administered this question to all participants as the 

hypotheses of this study require this data to compare with participants scores on the Gender-Related 

Attributes Survey (Gruber et al., 2020).  

Gender-Related Attributes Survey 

The purpose of the Gender-Related Attributes Survey (GERAS), created by Gruber et al. (2020) 

through a factor analysis, was to measure levels of femininity and masculinity in participants and compare 

this to how participants self-report their identity as well as cross-examining masculinity and femininity 

score with performance on spatial tasks. The GERAS consists of 50 items split into three sections: 
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personality (20 items), cognition (14 items), and interests and activities (16 items) (four of each section 

provided in Appendix D). Within the personality subsection participants were asked to rate each 

personality characteristic from 1 (never) to 7 (always) on how often they believe the trait to apply to 

them, such as “compassionate: or “boastful.” The cognition section asked participants to rate themselves 

from 1 (being very hard) to 7 (being very easy) on how proficient they believe themselves to be at the 

tasks listed with items including “to remember names and faces” and “to understand formulas.” The final 

section, activities and interest, asked participants to rate on a scale of 1 (not at all) to 7 (very much) how 

much they enjoy doing the following activities such as “paintball” or “playing cards (poker).” Each item 

is coded as masculine or feminie and was scored on a scale of 0 (absence of applicability) to 6 (very 

applicable). Maximum scores for masculine traits are interpreted as more masculine, and the same applies 

to feminine coded items. Individuals scoring high on both are perceived as genderfluid (exhibiting 

characteristics of both genders). Individuals with low scores were not expected and were excluded from 

the analyses. The GERAS demonstrated test-retest reliability (rtt = .90), convergent validity (correlation 

coefficients when compared to BSRI, PAQ and SIS scales were from .43 to .57 on the masculinity scale 

and .59 to .65 for the femininity scale), criterion-related validity (men scored significantly higher on the 

masculinity scale than women and vice versa and scores were significantly positively related to tested 

social enviornmental factors).  

Spatial Experience and Childhood Activities Survey 

An adapted version of the Survey of Spatial Representation and Activities (SSRA) (Terlecki & 

Newcombe, 2005) and the Childhood Activities Questionnaire (CAQ) (Cherney & Voyer, 2010) were 

administered to participants to assess the experience with spatial ability tasks (ex: videogame and 

computer experience) as well as the type and relative frequency of engagement in spatially-related 

childhood activities. The SSRA consisted of 15 questions that examine participants’ spatial experience 

through math and science course exposure, involvement in sporting activities, and exposure (reported 

through frequency) to computers and video games. The last two questions on the SSRA assessed 

participants’ perceived proficiency in using computers, maps and playing videogames on a rating scale of 
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1 (very skilled) to 4 (no skill) and are provided in Appendix E. Similar to Cherney, Bersted and Smetter 

(2014), sub scores consist of those pertaining to activities and proficiency. Those indicating high exposure 

and high proficiency in computer and videogame use were comparatively analyzed to those indicating 

low exposure and low proficiency in videogame use.  

 The CAQ consisted of 27 common activities selected by a factor analysis form a larger pool of 

items by Cherney and Voyer (2010)—sample items are provided within their respective subscales in 

Appendix F. The common activities range from playing marbles to tap dancing and participants were 

asked to indicate on a Likert scale of 1 (not at all) to 5 (very often) how often they engaged in these 

activities. Responses were divided into four sub-scales: masculine non-spatial, feminie non-spatial, 

masculine spatial and feminie spatial. Responses on each subscale were totaled to provide an overall score 

that indicates the types of activities the participant engaged in most often. Those with high scores indicate 

higher engagement with those specific type of activities, while lower scores indicate less engagement 

with such activities. As reported by Cherney and Voyer (2010), this measure shows acceptable internal 

consistency (α = .79) and convergent and divergent validity have been established by Doyle, Voyer and 

Cherney (2012).  

Procedure  

Participants were recruited via convenience sampling through emails sent by the Ball State 

Communication Center, Psychological Science Department and through Ball State’s online participant 

recruitment software (SONA). Course credit was awarded to students in the SONA pool who completed 

the survey. The completion page of the survey redirected those who were recruited through SONA to an 

additional form so they could confirm they completed the entire survey. Their confirmation of 

participation was not connected in any way to the data they provided. Those who volunteered to 

participate in the study (without course credit) had an equal opportunity to receive one of four $25 gift 

cards. These participants were also redirected to another questionnaire after they completed the survey 

where they entered their information for the opportunity. This information was not connected to the data 

they provided on the survey. Participants were informed that this study aimed to investigate the influence 
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of gender identity on spatial ability tasks and that the study would take approximately 45 minutes to 

complete.  

Data was collected online through Qualtrics (one time) and took about 30-45 minutes. 

Participants first had to consent to the project by reading an informed consent form and verifying that 

they consent to the survey. Participants were instructed to contact the principal researcher or Ball State’s 

IRB if they had any inquiries or experienced any discomforts from the survey. Upon completion of the 

consent document, participants were redirected to the survey where they first completed the battery of 

tasks in this order: the MRT followed by the OLM task, SNS, GERAS, SSRA, and the CAQ. The 

participant then completed the demographics questions (age, gender, sex, race, ethnicity, etc.) including 

the MSGM.  

Data Analysis 

 Bivariate correlations were used to examine the relationship between scores on the GERAS and 

scores on the MRT, OLM task, and SNS with scores on the SSRA and CAQ operating as controlling 

variables. The MSGM was compared to masculinity and femininity ratings from the GERAS via a one-

way ANOVA.  

Results 

Preliminary Analyses 

Participants were mostly women (78.8%) and were predominately white (86.5%), not married 

(96.2%), had obtained some college with no degree (59.6%), were currently employed working part-time 

(34.6%) and reported having a mean income of $100,000 or more (21.2%) with a mean age of 20.235 

(Maximum = 47 Minimum = 18). Given the sample was collected from current college students, it is 

assumed that most reported their parents’ income for their source of income. In total 52 participants’ data 

was used. Those who did not finish all sections of the survey were excluded from the analyses, which 

included data from eight participants—seven of whom did not complete any section of the survey and one 

who did not complete any of the Spatial Anxiety Scale. Descriptive statistics for each measure used are 

presented in Table 1.  
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GERAS and MRT Scores 

A significant positive correlation was expected between those identifying as predominantly 

masculine on the GERAS and those who score highly on the MRT, as the literature indicates a significant 

male advantage on the MRT (Voyer, Voyer, & Bryden, 1995; Levine et al., 2016), and this is expected to 

translate to those who identify as more masculine. To examine the relationship between GERAS scores 

and MRT scores, a bivariate correlation was used which found a marginal, but not statistically significant 

correlation between gender identity, as rated on the GERAS, and scores on the MRT, r(52) = .257, p = 

0.065.  

GERAS and OLM Scores 

A significant positive correlation was also expected to occur between those identifying as 

predominantly feminine on the GERAS and those who score highly on the OLM task, as past research has 

indicated a female advantage on this task (Silverman & Eals, 1992; Ecuyer-Dab & Robert, 2007)—which 

is expected to translate to those who identify with primarily feminine traits. To examine the relationship 

between GERAS scores and OLM scores, a bivariate correlation was used which found no significant 

correlation between gender identity, as rated on the GERAS, and scores on the OLM, r(52) = -.091, p = 

0.521.  

SNS score and MRT and OLM Scores 

A significant negative correlation was expected between SNS scores and scores on the MRT and 

OLM task as spatial anxiety is known to negatively impact cognitive faculties (Eysenck & Calvo, 1992; 

Lawton, 1994). To examine the relationship between SNS scores and MRT scores, a bivariate correlation 

was used which found no significant correlation, r(52) = .051, p = 0.722. A bivariate correlation was also 

used to examine SNS scores and OLM scores, which found no significant correlation, r(52) = .086, p = 

0.544. 

GERAS and SNS Scores 

A significant positive correlation was expected between those who score high on the GERAS for 

feminine traits and those who score high on the SNS, as spatial anxiety research (Lawton, 1994, 1996; 
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Nori et al., 2009; Schmitz, 1997) indicates that females tend to be more prone to spatial anxiety, which is 

expected in those who identify high in feminine traits regardless of sex. To examine the relationship 

between GERAS scores and SNS scores, a bivariate correlation was used which found no significant 

correlation between gender identity, as rated on the GERAS, and scores on the SNS, r(52) = -.010 , p = 

0.947.  

MRT and OLM Correlation with GERAS Controlling for SNS Scores 

Given that spatial anxiety influences cognitive abilities (especially those identifying as women), 

but the literature has indicated that males tend to perform better on MRT tests and females perform better 

on OLM tasks in spite of the influence of spatial anxiety, specific directional correlations were expected 

between the GERAS and MRT and OLM tasks when controlling for spatial anxiety. In relation to 

correlations between the MRT and GERAS, a significant positive correlation was expected, even when 

controlling for SNS, because, as GERAS scores decrease (which denote more feminine characteristics) 

MRT scores were expected to decrease because those with male-dominant characteristics tend to perform 

better on the MRT, independent of spatial anxiety levels. When considering the relationship between the 

OLM task and the GERAS, controlling for SNS, a negative correlation was expected because, although 

women are more affected by spatial anxiety, they tend to do better on OLM tasks. An increased score on 

OLM would be associated with a lower score on the GERAS (denoting more feminine characteristics). 

Controlling for SNS, partial correlations were calculated which found a marginal, but not statistically 

significant, correlation between gender identity, as rated on the GERAS, and score on the MRT, r(51) = 

.258 , p = 0.067, and found no significant correlation between gender identity and score on the OLM, r(51) 

= -.091, p = 0.524. 

GERAS, MRT, OLM, and SNS Scores Controlling for SSRA and CAQ Spatial Tasks 

When controlling for scores on the SSRA and CAQ Spatial Activities subsection, significant 

correlations between the GERAS and MRT, OLM and SNS were expected, as sex differences are still 

observed between males and females regardless of spatial experience and childhood activities (e.g., 

Levine et al, 2016) and individuals are expected to report traits aligning with their predominant self-
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identified gender identity. Controlling for SSRA and CAQ Spatial Activities subscale, a partial 

correlation was used which found no significant correlation between gender identity, as rated on the 

GERAS, and score on the MRT, r(50) = .192 , p = 0.503, OLM, r(50) = -.143, p = 0.328, and SNS, r(50) = 

.014 , p = 0.923.  

Exploratory Analyses: GERAS Compared to MSGM 

As the MSGM is a self-report of participants’ sex, gender identity, and expressed gender, these 

responses were compared to a participant’s rating on the GERAS measure to assess the convergent 

validity of the GERAS. Given the GERAS attempts to measure levels of expressed masculinity and 

femininity, scores on the scale should align with how a participant self-reports their internal and 

expressed gender identity. Three tests were used to compare these scores: one t-test for sex and GERAS 

score and two one-way ANOVAs for reported gender identity and expressed gender identity. Participant’s 

responses on the question of intersexuality on the MSGM were excluded as only one participant self-

identified as intersex.  

 The main dependent measure was the score on the GERAS, in other words measured gender 

identity. To test the effect of sex on measured gender identity, the mean GERAS score for the two groups 

were compared using an independent t-test. The t-test was significant, t(49) = 5.011, p < .0001, Cohen’s d 

= 1.767. On average, males scored significantly higher on the GERAS (M = 163.00) than females (M = 

125.22).  

 For the one-way ANOVAs, the main dependent measure was, again, the score on the GERAS 

(measured gender identity). To test the effect of gender identity and expressed gender identity on 

measured gender identity, GERAS scores were analyzed with a one-way independent ANOVA. For 

reported gender identity, GERAS scores did vary significantly as a function of measured gender identity, 

F(3,50) = 6.721, p < .001. For expressed gender identity, GERAS scores did vary significantly as a 

function of measured gender identity, F(2, 50) = 11.906, p < .0001.  
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Discussion 

 This study aimed to investigate the role of gender identity on spatial ability tasks, as prior 

literature had not included this factor and only considered sex as one facet affecting performance on 

spatial tasks. As sex differences in spatial abilities may have wider implications than only differences in 

memory, perception and decision-making between males and females, namely how women are less likely 

to pursue STEM careers and research, research on spatial abilities needs to consider how gender identity 

may influence these findings. Certain spatial abilities, like mental rotation, are linked to mathematical 

ability, which is a gateway to STEM careers. Gender identity research, then is paramount to our 

understanding of the underlying factors contributing to performance on spatial tasks. Mentioned earlier, 

neurological structure and function studies on gender identity that focused on transgender individuals 

found that these individuals may have differences in brain composition that favors their gender identity 

over their sex, when controlling for the use of hormone therapies. The purpose of this study was to 

observe how smaller variations in gender identity, such as a female that exhibits masculine characteristics 

but does not define themselves as transgender, may influence spatial abilities.  

The results did not indicate support for the hypotheses proposed in this study. The data did not 

support that those exhibiting male-dominant characteristics would score higher on the MRT, lower on the 

OLM task, or lower on the spatial anxiety scales, or the opposite in those exhibiting female-dominant 

characteristics. In sum, this study found inconclusive results as to if gender identity plays a role in spatial 

ability differences as hypothesized. Although the data supported marginal, but not significant, correlations 

between the MRT and GERAS when not controlling and controlling for spatial anxiety, these results were 

not significant at the .05 level. Given that this marginal correlation occurred for a test with a robust 

literature indicating a sex difference on this task, this may indicate that the sample size of the current 

study was not large enough.  

 There are a few limitations to this study. First, the sample size of this study contained data from 

52 participants, after excluding those that did not complete the survey and one individual that did not 

complete the SNS (which was instrumental to the hypotheses of this study). As this study aimed to 
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investigate variations in gender identity that did not only fall within the extremes of those that perceived 

their gender as completely incongruent from their sex and those that perceived their gender identity to 

completely align with their sex (exhibiting no characteristics of the opposite sex), this would require a 

larger sample size to observe these variations. In addition, the marginal, but not significant, correlation 

found between the MRT and GERAS support this, as studies on sex differences in spatial abilities found 

high scores on the MRT were associated with those that reported their sex as male.  

 Along with sample size of the current study, results may also be affected by the demographics of 

the participants. Those who participated in the study were mostly white women who either were currently 

in college or had obtained some college with a mean age of 20.24. In other words, the sample used is 

mostly representative of some demographics in the college setting (given mainly college students were 

recruited). These results probably cannot be translated to, say, an urban community that is much more 

racially diverse than a midwestern college. With a larger sample size, the demographics of the sample 

may be more representative of racial and ethnic minorities, those lower in socioeconomic status, and more 

balanced for gender (as 78% of the sample were women)—essentially better representing the population 

on college campuses. A larger sample size that does not only include college students may exhibit 

different results than this study found.  

Finally, this study also incurred limitations when considering the influence of online spatial 

ability tests and survey fatigue. An important consideration for the online medium of this study is how 

administering tasks online may have affected performance. Particularly, the OLM task administration 

may have limited participants’ performance. As this study was conducted during the Coronavirus 

pandemic, the format of the study had to be online for the safety of participants and the researcher. 

However, the OLM task may be much easier to complete on paper, as the participant does not have to 

scroll through 30 items on a multiple-choice question, they only circle the objects on the test sheet they 

believed moved. Because participants had to scroll through the answer choices and to refer back to the 

test image, this may have hindered their completion time and, because the task is timed, resulted in them 

feeling rushed and not selecting all the correct images. Building on this, the completion time of the survey 
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averaged at 33 minutes, which may have led to survey fatigue. As participants may have been motivated 

to rush through the measures to complete the survey and receive their compensation, this could have 

affected results by participants not filling out the survey as accurately as possible.  

Future Research  

 Given how influential these limitations may be on the results of this study, future research should 

focus on increasing the sample size to observe variation in gender identity, make sure that the sample is 

representative of the population used, use in-person administration, and remove the SSRA and CAQ to 

limit survey fatigue (or have the participant complete these items at another time). The continued research 

of this subject is still needed because of the important implications this may have for the under-

representation of women in STEM careers. More research is needed on the influence of gender identity on 

spatial abilities because, once this relationship is understood, this may provide insight on how to develop 

effective training programs for spatial abilities or inform parents on what activities they should encourage 

their children to engage in regardless of gender and biological sex.  
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Table 1 

Descriptive Statistics for Measures Used 

Measure  Mean  Standard Deviation Minimum    Maximum  

MRT 12.365 2.884 8 18.5 

OLM 9.327 3.371 1 16 

SNS 45.365 18.904 2 96 

GERAS 133.923 3.399 90 215 

SSRA 38.365 10.572 23 79 

CAQ 22.412 9.563 42 3 
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Appendix A 

Instructions and Sample Questions for Mental Rotation Task (MRT) (adapted from Vandenberg 

& Kuse, 1978) 

 

Mental Rotation Test 
 
This is a test of your ability to look at a drawing of a given 
object and find the same object within a set of dissimilar 
objects. The only difference between the original object and the 
chosen object will be that they are presented at different 
angles. An illustration of this principle is given below where 
the same single object is given in five different positions. Look 
at each of them to satisfy yourself that they are only presented 
at different angles from one another.  
 
 
 
 
 
 
 
 
 
 
 
 
Below are two drawings of new objects. They cannot be made to 
match the above five drawings. Please note that you may not turn 
over the objects. Satisfy yourself that they are different from 
the above. 
 
 
 
 
 
 
 
 
 
 
 
Now let’s do some sample problems. For each problem there is a 
primary object on the far left. You are to determine which two of 
four objects to the right are the same object given on the far 
left. In each problem always two of the four drawings are the 
same object as the one on the left. You are to put Xs in the 
boxes below the correct ones, and leave the incorrect ones blank. 
The first sample problem is done for you. 
 
 
 
 
 
 
 
 
 
 

       
 
 

Proceed to the next page 



INFLUENCE OF GENDER IDENTITY IN SPATIAL ABILITIES  49 

Appendix B 

Encoding Sheet and Test Sheet for Object Location Memory (OLM) Task 

 

(Stimuli adapted from Boomgarden, Nardi, & Aronson, 2019). Participants will be given one 

minute to encode the objects on the encoding sheet and then will be presented with a test sheet 

composed of another array of 30 random open-source images of objects. On the test sheet 16 of 

the objects will be placed in different locations and participants will be instructed to indicate (in 

a multi-answer multiple-choice format) all objects that were moved. For scoring, any object that 

is correctly identified will count for one point while any object incorrectly identified will count 

for zero points.  
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Appendix C 

Spatial Anxiety Scale (SNS) Items (adapted from Lyons et al., 2018) 

Subscale  Sample Item 

M Asked to imagine the 3-dimensional structure of a complex molecule using only a 

2-dimensional picture for reference 

M Asked to determine how a series of pulleys will interact given only a 2-

dimensional diagram 

N Finding your way to an appointment in an area of a city or town with which you 

are not familiar 

N Finding your way back to your hotel after becoming lost in a new city 

I Asked to recall the shade and pattern of a person's tie you met for the first time the 

previous evening 

I Asked to give a detailed description of a person's face whom you've only met once 

Note. This scale provides two items for each subscale from the Spatial Anxiety Scale: Mental 

Manipulation (M), Navigation (N), and Imagery (I). Instructions: “The items in the questionnaire 

below refer to situations and experiences that may cause tension, apprehension, or anxiety. For 

each item, mark the response that describes how much you would be made to feel anxious by it. 

Work quickly but be sure to think about each item.” Response options: ‘not at all’, ‘a little’, ‘a 

fair amount’, ‘much’, ‘very much’. Scoring: 0 (not at all) to 4 (very much); sum scores across the 

8 items for each subscale. 
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Appendix D 

Gender-Related Attributes Survey (GERAS) Items (adapted from Gruber et al., 2020)  

Subscale  Sample Item Coded Value 

P Compassionate  F+ 

P Tender  F+ 

P Dominate  M- 

P Brave  M+ 

C To write a computer program  M 

C To find an address for the first time  M 

C To remember names and faces F 

C Remembering events from your own life F 

IA Watching action movies  M 

IA To gossip  F 

IA Rhythmic gymnastics  F 

IA Doing certain sports (soccer, basketball, 

handball, etc.)  

M 

Note. Table provides four items for each subscale from the Gender-Related Attributes Survey: 

Personality (P), Cognition (C), and Interests and Activities (IA). Personality subsection 

instructions: “Please rate the following characteristics on a scale ranging from 1 to 7, according 

to how often you think these apply to you.” Personality subscale response options: ‘never’ to 

‘always’. Scoring: 0 (never) to 6 (always); sum scores across the 20 items for this subscale. 

Cognition subsection instructions: “On a scale ranging from 1 (being very hard) to 7 (7 being 

very easy), how hard or easy would you say it would be for you to do the following tasks.” 

Cognition subscale response options: ‘hard’ to ‘easy’. Scoring: 0 (hard) to 6 (easy); sum scores 

across the 14 items for this subscale. Interests and Activities subsection instructions: “Please rate 

on a scale of 1 (not at all) to 7 (very much) how much you like the following activities.” Interests 

and Activities subscale response options: ‘not at all’ to ‘very much’. Scoring: 0 (not at all) to 6 

(very much); sum scores across the 16 items for this subscale.  
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Appendix E 

Survey of Spatial Representation and Activities (SSRA) (adapted from Terlecki & Newcombe, 

2005) 

Section A 

1. Have you taken math or science related courses within the past year (select one)?  

Yes   /    No 

If so, how many of each type?  Math:  text field         Science: text field  

2. What kind of computer software do you own or use? (for each, indicate how many you 

frequently use)?  

A. Word processing, Frequency: text field  

B. Statistics programs, Frequency: text field    

C. Games, Frequency: text field  

D. Art/drawing, frequency: text field  

E. Other? Text field   

3. Do you participate in any extracurricular sports? (indicate all that apply, if none, enter 

zero)   

Professional sports: text field  

College-level sports: text field 

Intramural sports: text field  

Other (please list)? text field   

4. Do you own any video game systems? (indicate how many)  

Section B  

1. Do you own a computer? Yes  /   No 

2. How long have you owned/been using a computer?  

A. Less than a month  

B. 1-6 months  

C. 6 months to 1 year 

D. 1 to 3 years  

E. 3 or more years  

For questions 3 through 8, please use the following rating scale:  

A. Daily  

B. Weekly 

C. 1 to 2 times a month  

D. 1 to 2 times in 6 months  

E. 1 to 2 times a year  

F. Once every few years or not much at all  

 

3. How often do you use a computer?  

4. How often do you purchase software?  

5. How often do you use the internet?  
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6. How often do you use any game systems (Nintendo, Sega, Xbox, etc.)?  

7. How often do you play boardgames?  

8. How often do you use maps?  

For questions 9 through 11, please use the following rating scale:  

A. Very skilled  

B. Moderately skilled  

C. Not very skilled  

D. No skill  

9. How proficient or skilled do you believe you are at using maps?  

10. How proficient or skilled do you believe you are at using computers?  

11. How proficient or skilled do you believe you are at playing video games?  
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Appendix F 

Child Activities Questionnaire (CAQ) Items (adapted from Cherney & Voyer, 2010) 

Sample Item Coded Value Spatial or Non-Spatial 

Play musical instruments F Spatial  

Puzzles  F Spatial  

Baby dolls F Non-spatial  

Barbie dolls and similar  F Non-spatial  

Coloring  F Non-spatial  

Crafts F Non-spatial  

Air hockey  M Spatial  

Baseball  M Spatial  

Blocks  M Spatial  

Ping pong M Spatial  

Videogames (2D) M Non-spatial  

Watching television  M Non-spatial  

Note. Table provides six items from the Child Activities Questionnaire and includes masculine 

(M) and feminie (F) distinctions for each activity along with spatial or non-spatial distinctions.  

Instructions: “This questionnaire aims to determine the activities that you enjoyed as a child. 

Accordingly, you should consider each of the activities listed below and indicate how frequently 

you practiced each of them as a child.” Response options: ‘not at all’ to ‘frequently’. Scoring: 0 

(not at all) to 4 (frequently); responses will be totaled to provide an overall score that indicates the 

types of activities the participant engaged in most often. 
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this category. Information that cannot be accessed by the general population would also be
considered private.
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Category 10: Research involving BSU students who are under 18 but have legal authority
over their FERPA protected information. Only studies that fall into another exempt category
except for sampling from BSU students who are under 18 can be considered exempt in this
category.

 

Editorial Notes:

1. approved.

While your project does not require continuing review, it is the responsibility of the P.I. (and, if applicable,
faculty supervisor) to inform the IRB if the procedures presented in this protocol are to be modified or if
problems related to human research participants arise in connection with this project. Any procedural
modifications must be evaluated by the IRB before being implemented, as some modifications
may change the review status of this project. Please contact Sena Lim at (765)285-5034 or
slim2@bsu.edu if you are unsure whether your proposed modification requires review or have any
questions. Proposed modifications should be addressed in writing and submitted electronically to the
IRBNet as a "Modification/Amendment" for review. Please reference your IRB protocol number 1694568-1
in any communication to the IRB regarding this project.

In the case of an adverse event and/or unanticipated problem, you will need to submit written
documentation of the event to IRBNet under this protocol number and you will need to directly notify the
Office of Research Integrity (http://www.bsu.edu/irb) within 5 business days.  If you have questions,
please contact Sena Lim at (765)285-5034 or slim2@bsu.edu.

Reminder: Even though your study is exempt from the relevant federal regulations of the Common Rule
(45 CFR 46, subpart A), Ball State has elected to hold you accountable to these regulations to encourage
best research practices. You and your research team are not exempt from ethical research practices and
should therefore employ all protections for your participants and their data which are appropriate to your
project.

http://www.bsu.edu/irb
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