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The purpose of this study is to evaluate validity evidence for assessing cognitive ability 

using VR game-based assessment scores. Participants completed a series of VR game- 

based assessments, self-report cognitive ability assessments, and additional scales. 

Convergent validity was evaluated through comparisons between VR scores with self- 

report assessment scores. Divergent validity was evaluated through comparisons between 

VR scores with five factors of personality (i.e., openness to experience, conscientiousness, 

extraversion, agreeableness, and neuroticism) based on the Five Factor Model of 

personality traits. Criterion-related validity was evaluated using the associations between 

VR scores and academic performance (i.e., GPA). Exploratory analyses examined 

incremental validity and adverse impact. Results demonstrated promising relationships 

between the compared formats of VR and self-report. These results indicate the need for 

further research to examine the qualities of VR games that contribute to validity in 

assessing cognitive ability and other individual characteristics, seeing as the VR 

assessment format may provide unique benefits in assessing certain specific abilities for 
selection compared with traditional measures.

I certify that the Abstract is a correct representation of the content of this thesis.
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Introduction

There is an increasing volume of research literature exploring video games for a 

wide range of applications in the workplace, such as employee selection and performance 

management (Chamorro-Premuzic, Winsborough, Sherman, & Hogan, 2016; Lowman,

2016). Given the scope of this research, it should be anticipated that findings have 

supported certain applied uses of video games. Accordingly, the research examining 

video game-based assessments has demonstrated validity evidence comparable to that of 

traditional self-report assessments (Hummel, Brinke, Nadolski, & Baartman, 2017; Kiili, 

Devlin, Perttula, Tuomi, & Lindstedt, 2015). However, a drawback to the current 

evidence is the limitation to two-dimensional (2D) game formats, rather than other game 

formats. That is, research exploring the application of games in a virtual reality (VR) 

format is sparse, despite the VR format prominently featuring qualities that are broadly 

cited as benefits of video games, such as realism and immersion (Hvass et al., 2017; Shin,

2017). Considering the rapid rate at which VR technology is improving, VR games will 

likely find a place in similar settings as 2D games (Sykes, 2018). It is crucial that VR 

technology is evaluated for evidence to support the validity of its anticipated future use.

There exists some peer-reviewed research investigating the practical applications 

of current-generation, high-fidelity (i.e., hyper-realistic) VR technology (Aim, Lonjon, 

Hannouche, & Nizard, 2016; Freeman et al., 2017; Gavish et al., 2015), despite its 

relative recency compared with older generations of VR technology that have been more 

widely studied in research. A majority of the research on current-generation VR
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technology has focused on limited topics, such as skills training and physical 

rehabilitation (Aminov, Rogers, Middleton, Caeyenberghs, & Wilson, 2018; Jensen & 

Konradsen, 2018). As a result, there is presently a dearth of research investigating the use 

of VR games for assessment purposes. Given the infancy of this research, it is important 

to explore which specific applications warrant further investigation, such as certain 

assessment types that may exhibit evidence for validity and/or utility in a VR format.

The potential utility of VR games in assessment is largely generated by the unique 

behaviors that can be prompted and observed in VR environments, which can provide 

likewise unique measurements of skills and abilities that are associated with these 

behaviors. For example, cognitive ability encompasses multiple specific abilities, such as 

spatial reasoning, which may be most accurately assessed in a realistic environment. 

Because VR technology is capable of simulating such environments while collecting 

objective behavioral data points, we chose to explore the measurement of cognitive 

ability in VR. In addition, cognitive ability is one of the most commonly-used 

occupational assessments, supported by consistent evidence that cognitive ability predicts 

job performance (Kuncel & Hezlett, 2010). Validity coefficients, i.e., correlations 

between cognitive ability assessment scores and job performance ratings, have been 

commonly estimated at approximately r = .50, indicating strong predictive validity in 

comparison with other common selection assessments (e.g., interviews, personality 

measures, assessment centers; Outtz, 2002; Schmidt & Hunter, 1998).
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Despite the strong evidence for cognitive ability as a predictor of job 

performance, a primary concern for the use of cognitive ability assessments in selection is 

that they can result in adverse impact against ethnic minority subgroups, often favoring 

White applicants over subgroups such as Black and Latino applicants (Ployhart & Holtz, 

2008). Still, VR technology might help mitigate adverse impact resulting from cognitive 

ability scores, further justifying the exploration of VR games in this context. Research 

has shown that certain technological advancements have helped mitigate adverse impact 

in other assessment types, such as the use of a video-based assessment format in 

situational judgement tests as a strategy to reduce construct-irrelevant variance, i.e., 

variance in assessment scores that is associated with differential test performance among 

demographic subgroups but irrelevant to the targeted measure (Outtz, 2002). Specifically, 

in game-based assessments, preliminary research supports the use of video game 

assessments to reduce adverse impact in the assessment of cognitive ability (Montefiori, 

2016). However, this research predominantly features 2D games. Thus, this study is one 

of the first to extend this literature into a 3D VR environment in order to explore the 

potential benefits of a more immersive game-based environment. We were unable to find 

any prior studies using VR games to assess cognitive ability.

The aim of the present study is to evaluate validity evidence for the assessment of 

cognitive ability through a VR game-based assessment format. In addition, measures of 

adverse impact in VR game-based assessment scores will be evaluated as further criteria
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of interest pertinent to researchers and practitioners who wish to explore the effects of 

VR game-based assessments.

VR Technological Advancements and Applications

Existing research on the utility of VR technology has focused on older 

generations of VR with veritable differences from the current generation of VR 

technology (Freina & Ott, 2015; Gigante, 1993). These differences indicate that the 

research findings relative to older forms of VR technology may not be extended to the 

potential applications of the current generation of VR technology without further 

research-based justification. The lack of applicable research on the utility of the current 

generation of VR technology, as well as the potential benefits of this technology, justify 

the importance of the current study. In addition, the lack of current VR assessment 

research warrants the consideration of other (i.e., 2D) video game formats, rather than 

strictly VR formats, in the discussion of video game literature throughout this 

introduction.

VR definitions and history. VR technology refers to electronic console devices 

that are used to simulate realistic and immersive environments through head-mounted 

visual displays, often involving narratives and objectives that may require input via 

controllers from the individual or individuals who are using the device and are immersed 

in the simulated environment. VR is most commonly defined by the following 

characteristics, as delineated by Gigante (1993): “The illusion of participation in a 

synthetic environment rather than external observation of such an environment. VR relies
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on three-dimensional (3D), stereoscopic, head-tracked displays, hand/body tracking and 

binaural sound. VR is an immersive, multi-sensory experience” (p. 3). VR technology is 

differentiated from traditional 2D gaming technology by its incorporation of features 

such as head-mounted displays and physical tracking in order to place the player directly 

into a first-person perspective, rather than a third-person perspective.

VR technology has been historically less prevalent than its 2D counterparts, but 

VR has increased in popularity over the years along with other changes in factors relevant 

to its appeal to the typical consumer. For instance, VR technology has become more 

accessible by overcoming constraints such as cost. Older VR technology was highly 

inaccessible to many consumers in its earlier years of existence due to high cost (Engler, 

1992). However, newer VR technology has decreased in cost and increased in unit sales, 

with over one million units sold across VR platforms in the third fiscal quarter of 2017 

alone, constituting the first recorded instance of quarterly VR console unit sales 

exceeding the threshold of seven figures (Stanton et al., 2017). Similarly, generations of 

VR technology have varied in fidelity, i.e., the degree of realism replicated in the VR 

environment compared with reality. Among other limitations, older VR technology 

featured visual displays with low refresh rates, i.e., the rates at which individual static 

images shown on a visual display change in order to simulate motion or other 

environmental changes (Vince, 1993). Conversely, newer VR consoles feature visual 

displays with relatively high refresh rates, such as the Oculus Rift, which refreshes 

images at a rate of 90 Hz (Martindale, 2018).
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In addition to increased accessibility and fidelity, current VR technology 

continues to reflect properties of ludus, which generate fun and enjoyable experiences for 

those who use this technology. As defined by Frasca (1999), ludus refers to “activity 

organized under a system of rules that defines a victory or a defeat, a gain or a loss.” In 

essence, ludic properties are the qualities unique to the format of a game that facilitate 

interactive play, as opposed to other non-interactive media such as literature or film. 

Ludic properties are enjoyable by definition, so these properties yield entertainment value 

for any activity into which they are incorporated. This entertainment value equates to 

potential utility for video games in other domains apart from entertainment. Because the 

current body of research demonstrating the utility of VR games is limited, evidence for 

the utility of the current generation of 2D video games will be discussed first.

Video games in applied settings. Research evaluating the utility of 2D video 

games in various applied settings has yielded promising results. For instance, O’Connor 

et al. (2000) found support for the use of video games in healthcare, observing in-game 

skill acquisition in wheelchair users who completed a computer-based simulation game 

with a custom wheelchair-based controller designed to replicate real-life wheelchair 

operation. In the classroom, video game-based learning is associated with increases in 

cognitive gains and positive reactions among students, compared with traditional 

methods of instruction (Nte & Stephens, 2008; Vogel et al., 2006). Support has been 

demonstrated for video games in occupational skills training, such as the use of 

simulation games in combination with practical training to increase skills acquisition in
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both aircraft training and surgical training, compared with practical training alone for 

either set of skills (Aggarwal et al., 2007; Hays, Jacobs, Prince, & Salas 1992; Lampton, 

Bliss, Orvis, Kring, & Martin, 2009; Orvis, Moore, Belanich, Murphy, & Horn, 2010). In 

general, computer-based simulation games have demonstrated utility in employee 

knowledge and skills training due to the intrinsically motivating ludic properties that are 

unique to their video game-based format (Sitzmann, 2011).

Validity and utility of video games in assessment. Video games have also 

demonstrated evidence for validity and utility in assessment across various contexts. For 

instance, video games developed using the EMERGO platform have been evaluated in 

order to establish content validity for in-game performance indicators in assessing 

information technology systems management skills (Hummel, Brinke, Nadolski, & 

Baartman, 2017). The game Semideus has demonstrated evidence for validity in the 

assessment of rational number knowledge through subject matter expert ratings of game 

content validity, in addition to demonstrating validity evidence through a correlational 

analysis comparing scores generated by the game with scores on a paper-based rational 

number test (Kiili, Devlin, Perttula, Tuomi, & Lindstedt, 2015). Another game called 

Newton’s Cradle has similarly demonstrated validity evidence for assessing physics 

knowledge pertaining to Newton’s three laws though a correlational analysis comparing 

game scores with scores on a computer-based qualitative physics test (Shute, Ventura, & 

Kim, 2013). Although research on the validity and utility of 2D video game-based 

assessments has varied in its targeted populations (e.g., occupational versus educational),
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as well as in its targeted measures (e.g., skills versus knowledge), this literature has been 

encouraging in its early stages with respect to its support for the assessment capabilities 

of 2D video games.

The importance of exploring alternative assessment formats, apart from traditional 

paper-based and computer-based formats, has been reinforced through the literature 

exploring emergent properties of 2D game-based assessment formats. One considerable 

advantage of game-based assessments is the utility of this assessment format in 

mitigating attempts at faking, i.e., assessees’ deliberate selection of responses perceived 

to yield assessment scores that indicate a socially desirable level of the construct targeted 

by the assessment. While traditional assessments typically feature content that is 

transparently linked with the targeted measures, as well as methods of measurement that 

are easily manipulable (e.g., through selecting a certain response on a five-point Likert 

scale), video game-based assessments may not be as transparent in their relationship with 

the targeted measures or as easily manipulable to generate scores perceived by assessees 

to be socially desirable (e.g., through altering in-game performance). Because faking 

requires some degree of knowledge on the part of the assessee regarding the construct 

targeted by the assessment, and video game-based assessments can obscure such 

knowledge by measuring multiple constructs simultaneously and by using in-game 

behavioral performance indicators that are less intuitively linked with these constructs 

than self-report responses tend to be, video game-based assessment formats can be used
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to reduce faking and obtain more accurate data compared with traditional assessment 

formats (Bhatia & Ryan, 2018).

Another advantage of video game-based assessment formats pertains to construct- 

irrelevant variance in assessment scores. In paper-based and computer-based self-report 

assessments, construct-irrelevant variance can arise due to qualities that are innate to 

these formats and result in adverse impact among demographic subgroups (Outtz, 2002). 

To approach resolving this issue, meta-analytic research findings support the strategy of 

decreasing excess cognitive loading in assessments by reducing verbal and reading ability 

requirements, such as through the use of video-based assessments and other multimedia 

assessment formats (Ployhart & Holtz, 2008). Because video game-based assessments 

frequently rely upon visually-displayed graphic content rather than written content, these 

formats can similarly be used to reduce verbal and reading ability requirements, in turn 

reducing the construct-irrelevant variance that is often associated with traditional 

assessment formats (Zapata-Rivera & Bauer, 2012). Additionally, other recent research 

has yielded promising findings pertaining to the reduction of construct-irrelevant variance 

unique to video game-based assessment formats, such as the development of a video 

game experience (VGE) scale to statistically account for differential levels of VGE in 

relation to performance on a video game-based assessment (Sanchez & Langer, 2018).

Overall, this research composes a small sample of the total literature that has 

emerged in support of the use of video games in assessment. In the following section, 

applications of video games will be explored specific to VR technology.
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Current state of applied VR research. Through the available research on the 

applications of VR technology, there is a limited scope of existing support for its utility in 

domains apart from entertainment. In healthcare, VR has demonstrated some utility as an 

evaluative tool, such as in the evaluation of differential locomotive patterns across age 

groups (Janeh, Bruder, Steinicke, Gulberti, & Poetter-Nerger, 2018). However, much of 

the research examining the applications of VR technology in healthcare focuses on 

physical rehabilitation and treatment, rather than assessment or evaluation; furthermore, 

this literature is imprecise in its definition of VR, often including technology that lacks 

head-mounted displays and other immersive characteristics that are innate to the common 

definition of VR technology (Aminov, Rogers, Middleton, Caeyenberghs, & Wilson, 

2018; Brunner et al., 2014; Cameirao, Bermudez i Badia, Oiler, & Verschure, 2010; 

Gigante, 1993). Other research outside of healthcare has demonstrated the utility of VR 

technology in skills training across occupational and educational settings, predominantly 

including physical (i.e., psychomotor) and cognitive (i.e., spatial) skills (Jensen & 

Konradsen, 2018). Regardless, there is minimal research to support the use of VR 

technology in assessment.

Given the practical utility of video game-based assessment formats, additional 

research is warranted in order to inform the continued and future applied use of these 

assessment formats. VR technology is especially viable for such research, given the 

recency of its current high-fidelity and accessible generation of consoles such as the 

Oculus Rift as well as the increasing number of studies investigating the applications of
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VR technology. This trend is comparable to that of the technological advancements in 

telecommunication and subsequent changes to the job interview process at large. While 

job interviews were originally conducted in person and without any technological 

facilitation, the interview process was changed as telephones were introduced into the 

workplace, later followed by video-based conferencing technology; both of these 

technological applications gained popularity due to practical advantages such as time and 

cost, ultimately changing the way that job interviews could be conducted (Blackman, 

2002; Toldi, 2011). Similarly, as VR technology continues to gain popularity in overall 

use, along with 2D video games gaining popularity specifically in the domain of 

assessment, it is likely that emergent practical advantages across both formats will draw 

increased attention from employers. This likelihood may increase for VR technology as 

ongoing developments continue to address practical concerns and increase the appeal of 

this technology in applied settings. For instance, the upcoming Oculus Quest console will 

constitute the first major step toward the facilitation of meetings via telecommunication 

in a virtual environment (Zuckerberg et al., 2018).

Despite this trend, the literature on applications of VR technology remains 

minimal in scope, and there is an even more limited scope of research exploring VR 

games as assessment tools. If this format is to be used for similar purposes as the 2D 

game format, then there is a need for new research to validate the use of VR technology 

for these purposes, in turn informing best practices. Considering the lack of research
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investigating assessment through VR technology, the immediacy of the need for research 

exploring this application is affirmed.

In the following section, the specific type of assessment that is examined in this 

study, i.e., cognitive ability assessment, will be described. This description will include 

the definition, validity, and utility of this assessment type, in addition to its disadvantages 

and the proposed mitigation of these disadvantages through a VR game-based assessment 

format.

Cognitive Ability Assessment and Adverse Impact

Cognitive ability is one of the most commonly assessed constructs in occupational 

settings due to the strong evidence for its criterion-related validity in predicting job 

performance (Kuncel & Hezlett, 2010). Thus, cognitive ability assessments will serve as 

the assessment-type of focus for this study in order to maximize the utility of findings.

Cognitive ability definitions and taxonomy. Cognitive ability is a broad 

construct that typically functions as a measure of human intelligence. Gottfredson (1997) 

collaborated with 51 other intelligence experts to define intelligence, as measured by 

cognitive ability: “Intelligence is a very general mental capability that, among other 

things, involves the ability to reason, plan, solve problems, think abstractly, comprehend 

complex ideas, learn quickly and learn from experience” (p. 13). Throughout much of the 

intelligence literature, cognitive ability is structured hierarchically, with a general 

cognitive ability (or g, the general intelligence factor) underlying more specific abilities 

(Carroll, 1993). Individuals who possess the same level of g may differ in their specific
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abilities due to differences in the extent to which g is uniquely applied across these 

abilities (Ones, Dilchert, Viswesvaran, & Salgado, 2017). Because of this, such 

individuals may also receive differential scores on the same cognitive ability assessment 

despite possessing the same level of g, depending on the specific abilities that are 

targeted by the assessment (Carroll, 1993).

Adverse impact of cognitive ability assessments. The literature on cognitive 

ability generally demonstrates strong evidence for the validity and utility of cognitive 

ability assessments in employee selection (Kuncel & Hezlett, 2010). Validity coefficients 

typically range across studies from r = .35 to .55, establishing relatively strong criterion- 

related validity evidence for cognitive ability assessments in predicting assessees’ job 

performance (Ones, Dilchert, Viswesvaran, & Salgado, 2017). However, cognitive ability 

assessments are also associated with a potentially critical disadvantage. Namely, the 

assessment of cognitive ability often results in adverse impact between demographic 

subgroups.

In employment law, adverse impact refers to the negative and illegal effect 

resulting from a given workplace practice upon employment opportunities for any 

federally protected class (Equal Employment Opportunity Commission [EEOC], 1978). 

Adverse impact is clear in the comparison of cognitive ability assessment scores between 

ethnic subgroups. This comparison yields very large differences that demonstrate 

statistical favorability of White assessees over Black assessees (d= .99), medium to large 

differences favoring White assessees over Latino assessees (rf= .58 to .83), and small
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differences favoring Asian assessees over White assessees (d = -.20; Ployhart & Holtz, 

2008). Apart from these subgroups, meta-analytic research indicates that, while male and 

female assessees differ in some specific abilities, there is little or no adverse impact 

between cognitive ability assessment scores between genders (Ones, Dilchert, 

Viswesvaran, & Salgado, 2017). For other demographics such as age, research exploring 

the adverse impact of cognitive ability assessment scores between different subgroups is 

limited.

Regardless, adverse impact in cognitive ability assessment scores between ethnic 

subgroups remains a prominent concern (Outtz, 2002). Some have identified this to be an 

up-the-river problem, indicating that differences in cognitive ability across demographic 

subgroups may be real but not innate; that is, cognitive ability assessments are accurate in 

producing differential scores between subgroups, but these differences arise from lifelong 

systemic inequities which are unrelated to the fairness of an assessment (Sackett, 

Bomeman, & Connelly, 2008). Others have focused on reducing adverse impact by 

proposing alternative strategies for formatting assessments of cognitive ability, such that 

validity is preserved while adverse impact is reduced (Ployhart & Holtz, 2008). 

Proponents of these strategies fundamentally seek to reduce construct-irrelevant variance 

(Helms, 2006).

Through the research evaluating strategies of preserving validity evidence for 

assessments of cognitive ability while reducing adverse impact among demographic 

subgroups, there is support for the use of alternative assessment formats, such as video
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based assessments (Ployhart & Holtz, 2008). As discussed previously, video game-based 

assessment formats have also received support for their minimization of adverse impact 

in cognitive ability assessment scores (Montefiori, 2016). Although research supports the 

use of video game-based assessments to reduce adverse impact in assessment scores 

between demographic subgroups, this literature remains in its early stages and pertains 

mostly to 2D video games. With this in mind, the present study is intended to further 

examine adverse impact across various demographic subgroups in the assessment of 

cognitive ability through a VR game-based format.

Exploring Validity Evidence to Assess Specific Cognitive Abilities in VR

While adverse impact will be evaluated in this study, it is critical that validity 

evidence for the VR game-based assessment of cognitive ability is demonstrated. In the 

context of assessment, validity refers to the accuracy of the conclusion ascertained by an 

assessment score (American Educational Research Association [AERA], American 

Psychological Association [APA], National Council on Measurement in Education 

[NCME], 2014). The traditional tripartite model of validity includes three primary 

sources of validity evidence: content validity, construct validity, and criterion-related 

validity (EEOC, 1978). Respectively, content validity evidence indicates that assessment 

scores are based on content that is representative of the characteristics targeted by the 

assessment; construct validity evidence indicates that assessment scores are related with 

other measures of attributes composing the construct that is targeted by the assessment; 

and criterion-related validity evidence indicates that assessment scores can be used to
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predict a given outcome associated with the construct that is targeted by the assessment 

(AERA, APA, & NCME, 2014).

Recent literature and best practice standards in assessment validation have largely 

departed from the tripartite model of validity. Instead, validity is emphasized to be a 

unitary concept indicating whether an assessment measures what it purports to measure, 

and validity evidence should be obtained from a variety of sources that need not conform 

to the tripartite model (AERA, APA, & NCME, 2014). Therefore, this study includes 

multiple sources of validity evidence that are evaluated irrespective of the tripartite model 

of validity.

Primary measures of validity. Because the current generation of VR technology 

is relatively new, the validity of the content featured in VR game-based assessments has 

not been sufficiently explored. It is important that subject matter expert input be obtained 

so that the content of new potential VR game-based assessments can be evaluated by 

experts in fields relevant to the measures targeted by these assessments. This input can be 

used to establish a preliminary level of confidence that the behaviors exhibited by 

assessees in the VR environment will target the anticipated specific abilities. For this 

reason, subject matter expert input will be obtained in order to verify that the content and 

procedures of the VR game-based assessments used in this study will target their 

respective specific abilities.

Beyond this preliminary evaluation, evidence will be evaluated for convergent 

validity and divergent validity. Convergent validity indicates that assessment scores
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demonstrate relationships with other measures that are associated with the targeted 

construct, while divergent validity indicates that assessment scores do not demonstrate 

relationships with measures that are orthogonal to the targeted construct (AERA, APA, & 

NCME, 2014). In order to evaluate convergent validity of the VR game-based 

assessments, scores for each VR assessment (i.e., for each targeted specific ability) will 

be compared with corresponding scores for each self-report (i.e., traditional computer- 

based) assessment that is measured in this study. Previous research has supported the 

matching of a targeted construct with a video game for assessment purposes, based on the 

identification of specific observable behaviors in the video game that correspond with the 

construct (Shute & Emihovich, 2018). This strategy was used to select the VR games 

intended to measure specific abilities in the present study, based on the matches between 

these specific abilities and the gameplay behaviors that are observable and scorable 

through the VR games. It is anticipated that significant relationships will be demonstrated 

between assessments across both formats.

Hypothesis 1. For each specific ability, VR game-based cognitive ability 

assessment scores will demonstrate a significant relationship with self-report 

cognitive ability assessment scores.

Next, personality will be measured in order to evaluate divergence. The literature 

on cognitive ability supports the divergence between measures of cognitive ability and 

measures of the Big Five OCEAN personality traits, i.e., openness, conscientiousness, 

extraversion, agreeableness, and neuroticism (Barrick & Mount, 1991). Although
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cognitive ability and conscientiousness are both linked with job performance, such that 

both measures have demonstrated criterion-related validity evidence in the prediction of 

performance, these two measures are minimally related to one another (Cortina, 

Goldstein, Payne, Davison, & Gilliland, 2000). Based on this evidence, no significant 

relationships are anticipated between VR game-based assessment scores and self-report 

levels of openness, conscientiousness, extraversion, agreeableness, or neuroticism. 

Hypothesis 2. For each specific ability, VR game-based cognitive ability 

assessment scores will demonstrate orthogonal relationships with self-report 

levels of openness, conscientiousness, extraversion, agreeableness, and 

neuroticism.

Additionally, criterion-related validity of the VR game-based assessments will be 

evaluated with participant grade point average (GPA) serving as the performance 

measure of interest. Although job performance is the criterion by which assessment 

validity is traditionally evaluated in occupational settings, GPA is often used as a proxy 

measure for job performance in research featuring university student samples, such as the 

sample featured in the current study (Cotton, Dollard, & de Jonge, 2002; Hysenbegasi, 

Hass, & Rowland, 2005; Schmit, Ryan, Stierwalt, & Powell, 1995). Furthermore, the 

established relationship between GPA and cognitive ability indicates that a valid measure 

of cognitive ability should be expected to demonstrate a relationship with GPA (Imose & 

Barber, 2015). Thus, it is anticipated that VR game-based assessment scores will be 

significantly related to participant GPA.
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Hypothesis 3. For each specific ability, VR game-based cognitive ability 

assessment scores will demonstrate a significant relationship with GPA. 

Additional measures of validity and adverse impact. Incremental validity 

evidence indicates that assessment scores can be used to increase the predictive ability of 

another assessment with an established level of predictive ability, with respect to a given 

outcome (Hough & Dilchert, 2017). After testing the primary study hypotheses, an 

exploratory analysis will be conducted in order to determine the incremental validity of 

the VR game-based assessment scores over the predictive ability of the self-report 

assessment scores, with respect to the prediction of participant GPA.

Research Question 1. For each specific ability, will VR game-based cognitive 

ability assessment scores demonstrate significant incremental validity in the 

prediction of participant GPA over self-report cognitive ability assessment 

scores?

Finally, as previously discussed, adverse impact among demographic subgroup 

scores constitutes one of the most prominent drawbacks of cognitive ability assessments 

in occupational settings. Because adverse impact yields major implications for the utility 

of cognitive ability assessments, adverse impact will be evaluated as an emergent effect 

of the VR game-based assessment format. If this format is identified as potential method 

of demonstrating validity in the measurement of cognitive ability while minimizing 

adverse impact in cognitive ability assessment scores, then the findings of this study will
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provide further support for the utility of VR technology in assessment (i.e., cognitive 

ability assessment).

Research Question 2. For each specific ability, will VR game-based cognitive 

ability assessment scores and self-report cognitive ability assessment scores 

demonstrate significant differences in adverse impact between demographic 

subgroups?

Method

Participants

Participants were 124 students from a large Western university. This sample was 

primarily college-aged (M=  24 years, SD = 1 years) and female (71%), with 

approximately 28% identifying as White (i.e., “White, Caucasian, or other European”; or 

“Middle Eastern or North African”), 28% as Latino (i.e., “Latina/o/x or Hispanic”), 25% 

as Asian (i.e., “Asian American or other East Asian”; “Indian, Pakistani, or other South 

Asian”; or “Native Hawaiian or Pacific Islander”), and 19% as Other (i.e., “Black or 

African American”; “Native American or Alaska Native”; or any combination of multiple 

ethnic subgroups). The distribution of participant demographics is provided in Table 1. 

Procedures

Prior to arrival, each participant was assigned to one of two conditions, which 

differed in counterbalancing the order of the two assessment formats (i.e., the VR game- 

based assessments and the computer-based self-report assessments). Upon arrival, the
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participant signed in and completed the Consent Form and the Video Release Form. The 

participant then completed the two assessment formats in their assigned order.

Researchers assisted participants with the VR equipment during the VR game- 

based assessments. This included general instructions on using the VR controllers. For 

the VR assessments, participants completed three VR games, receiving verbal 

instructions specific to the objectives and controls of the VR games prior to beginning 

each respective game.

For the computer-based self-report assessments, the researcher provided the 

participant with verbal instructions on the general procedures for the assessments prior to 

beginning the first assessment. Instructions and sample items specific to each assessment 

were provided on-screen prior to the start of the respective assessment. There were three 

self-report assessments in total, each with a time limit of five minutes (not including the 

time spent reading instructions and completing sample items). The participant could self

pace their completion of each individual assessment within its five-minute time limit.

Lastly, participants completed a survey including demographic information (i.e., 

age, gender, ethnicity), as well as two video game-relevant scales (i.e., video game 

experience, VGE, and intimidation with games, IWG), and a personality scale (i.e., IPIP- 

120). Student identification numbers were temporarily recorded to retrieve and match 

each participant’s grade point average (GPA) to their survey and assessment results. GPA 

served as the criterion measure for performance. At the end of the study, the researcher 

debriefed and excused participants. The study took approximately 75 minutes to
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complete, and each participant received course credit to compensate for the time and 

effort required for their participation in the study.

Materials

Self-Report Assessments. The computer-based self-report assessment measures 

for specific cognitive abilities were taken from a cognitive ability assessment battery 

called the Employee Aptitude Survey (EAS). The EAS assessment battery includes ten 

assessments in total, and three of these assessments were selected for use in the study 

because they included content relevant to behaviors that were feasible to perform in a VR 

environment. These assessments are described below, including Space Visualization, 

Visual Speed & Accuracy, and Visual Pursuit.

Space Visualization (Self-Report Assessment). Space Visualization (SV) refers 

to “the ability to imagine objects in three-dimensional space and to manipulate objects 

mentally” (Ruch, Stang, McKillip, & Dye, 1994, p. 20). The SV assessment included 50 

items (a = .89). Previous validation research has shown the SV assessment to be 

correlated with scores on the several other cognitive abilities assessments, such as the 

Primary Mental Abilities (PMA) Tests for space ability (r = .58) and reasoning ability (r 

= .46; Ruch, Stang, McKillip, & Dye, 1994). For the SV assessment, participants were 

provided with five minutes to complete the assessment. Participants were instructed to 

look at a given block within an arrangement of several surrounding blocks and indicate 

how many other blocks it was touching. Scores were calculated as one-fifth of the total 

number of incorrect responses, subtracted from the total number of correct responses,
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rounded to the nearest whole number, and transformed into a percentile against normative 

data included with the assessment. Scores ranged from 1.00 to 97.00 (M= 47.44, SD = 

31.22). Sample items are provided in Figure 1.

Visual Speed & Accuracy (Self-Report Assessment). Visual Speed & Accuracy 

(VSA) refers to “the ability to compare numbers or patterns quickly and accurately” 

(Ruch, Stang, McKillip, & Dye, 1994, p. 20). The VS A assessment included 150 items (a 

= .91). Previous validation research has shown the VS A assessment to be correlated with 

scores on the several other cognitive abilities assessments, such as the PMA Tests for 

space ability (r = .30) and reasoning ability (r = .50; Ruch, Stang, McKillip, & Dye, 

1994). For the VS A assessment, participants were given five minutes to complete the 

assessment. Participants were instructed to rapidly scan through pairs of numbers and 

indicate whether they were the same or different. Scores were calculated as the total 

number of incorrect responses subtracted from the total number of correct responses, and 

transformed into a percentile against normative data included with the assessment. Scores 

ranged from 1.00 to 98.00 (M -  33.94, SD = 32.08). Sample items are provided in Figure 

2.

Visual Pursuit (Self-Report Assessment). Visual Pursuit (VP) refers to “the 

ability to make rapid, accurate scanning movements with the eyes” (Ruch, Stang, 

McKillip, & Dye, 1994, p. 20). The VP assessment included 30 items (a = .86). Previous 

validation research has shown the VP assessment to be correlated with scores on the 

several other cognitive abilities assessments, such as the PMA Tests for space ability (r =



24

.53) and reasoning ability (r = .44; Ruch, Stang, McKillip, & Dye, 1994). For the VR 

assessment, participants were given five minutes to complete the assessment. For each 

item, the participant was instructed to use visual scanning to follow a given line from its 

starting point, through a tangle of different lines, and indicate which among several 

endpoints was connected with the targeted starting point. Scores were calculated as one- 

fourth of the total number of incorrect responses, subtracted from the total number of 

correct responses, rounded to the nearest whole number, and transformed into a percentile 

against normative data included with the assessment. Scores ranged from 1.00 to 97.00 

(M= 37.45, SD = 26.10). Sample items are provided in Figure 3.

VR Assessments. A series of VR games was identified by a group of researchers 

who explored current VR games and other programs that had possible relevance for the 

current research question. Several games were purchased and evaluated for their 

demonstration of cognitive ability through automatically generated scores and other in

game behaviors. All games considered for inclusion were played on the Oculus Rift 

console, requiring the use of a head-mounted display and two handheld controllers. The 

final battery of VR games was selected due to their demonstration of specific abilities 

analogous to those measured through cognitive ability assessments like those described 

above (i.e., VP, VSA, and SV). Each of the three VR games included in the final study is 

described below.

Space Visualization (VR Assessment). The game ThrounnelVR was used to 

evaluate SV. In this game, participants were shown a shape made of several connected or
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free-floating cubes, which they were instructed to rotate and position so that the cubes 

could pass through the approaching wall. The wall would contain one or more cube

shaped holes, allowing the cubes to pass through if rotated and positioned correctly.

When the cubes were rotated and aligned to the correct position, this would allow them to 

pass through the wall so that the participant could continue playing. As the cubes passed 

through the wall, the game would increase in difficulty. The shape of the holes in the wall 

would change, which forced participants to select the correct rotation and position of the 

cubes as quickly as possible. Failure to select the correct position, or collision with the 

wall, would result in a game over, restarting all progress (i.e., resetting the number of 

walls that had been passed, which influenced the resultant score displayed at each game 

over screen). The participant was also able to instantly send the cubes to the wall once 

they found the position of the cubes that they believed would fit through the hole in the 

wall. Selecting this instant option would result in more points if correct. However, being 

at a greater distance from the wall could result in misjudgment and misalignment, which 

would result in collision with the wall, yielding a game over. Scores were calculated as 

an average of the in-game scores that the participant received at each game over screen, 

and transformed into a percentage. Scores ranged from .01 to .46 (M= .14, SD = .10). A 

screenshot of this game is provided in Figure 4.

Visual Speed & Accuracy (VR Assessment). The game Cube Works was used to 

evaluate VS A. In this game, participants saw a conveyor belt with cubes passing in front 

of them. They were instructed to retrieve cubes from the conveyor belt as they passed by
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and to match cubes with corresponding patterns on their sides. Cubes were matched by 

pressing the matching patterns against one another, face-to-face. Cubes had multiple 

sides with different patterns, and the patterns could be matched in different ways (e.g., 

matching or opposing shapes, akin to a plug-and-socket design). The rounds became 

increasingly difficult. In the first round, participants were given five minutes to match 20 

cubes. In the second round, participants were given five minutes to match 15 cubes, 

matching only a particular pattern, which would change periodically. The current pattern 

to match would be indicated on a virtual screen shown within the participant’s in-game 

point of view. Scores were calculated using the game-generated score plus the time 

remaining from each round, then averaged across both rounds, and transformed into a 

percentage. Scores ranged from .08 to .91 (M= .71, SD = .13). A screenshot of this game 

is provided in Figure 5.

Visual Pursuit (VR Assessment). The game Super Amazeballs was used to 

evaluate VP. In this game, participants were shown a 3D track fixed within a translucent 

orb that they could rotate, spin, and manipulate. The objective of the game was to rotate 

and balance the orb in order to direct and navigate the ball along the track, so that the ball 

would eventually reach the end of the course without falling over the ledges on either 

side of the track. Participants would progress through a series of tracks that became 

increasingly difficult at each level. If the ball fell off the track, participants would have to 

start over from the beginning or most recent checkpoint of that level. Each track required 

the participant to visually pursue the progression of the track. The participant was limited
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to five minutes to play this game and instructed to progress through as many levels (i.e., 

tracks) as possible within the allotted time while preventing the ball from falling off the 

track. Scores were calculated as the number of balls fallen added to one, then divided by 

thirteen (to prevent negative scores), subtracted from the number of levels completed, and 

transformed into a percentage. Scores ranged from .00 to .96 (M= .53, SD = .22). A 

screenshot of this game is provided in Figure 6.

Measures. The following measures were obtained through a self-report survey 

administered at the end of the study. Excluding demographic and academic achievement 

measures, all of the following measures were evaluated on a 5-point Likert-type scale.

Video game experience. Video game experience (VGE) refers to video game 

players’ competence with video games based on their prior experience interacting with 

video games (Sanchez & Langer, 2018). The VGE scale was used in this study, including 

19 items (a = .94). Participants were instructed to rate their agreement with each item. 

Subscales included game enjoyment (a = .89), intentional game play (a = .90), game self- 

efficacy (a = .91), and game flow (a = .67). For the game enjoyment subscale, a sample 

item includes, “I enjoy playing video games.” For the intentional game play subscale, a 

sample item includes, “I spend many hours each week playing video games.” For the 

game self-efficacy subscale, a sample item includes, “I am good at video games, 

compared to others.” For the game flow subscale, a sample item includes, “I lose track of 

time when I play video games.” See Appendix 1 for the full VGE scale.
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Intimidation with games. Intimidation with games (IWG) refers to the extent to 

which an individual finds it difficult to play and achieve competence in video games 

(Sanchez & Langer, 2018). The IWG scale was used in this study, including 6 items (a = 

.88). Participants were instructed to rate their agreement with each item. A sample item 

includes, “Video games are intimidating to me.” See Appendix 1 for the full IWG scale.

Personality. Personality was measured using the International Personality Item 

Pool (IPIP-NEO) version of the Revised NEO Personality Inventory (NEO PI-R). This 

scale measures the five-factor model of personality: openness (a = .84), 

conscientiousness (a = .83), extroversion (a = .88), agreeableness (a = .79), and 

neuroticism (a = .87; Maples, Guan, Carter, & Miller, 2014). The shortened form of the 

IPIP-NEO (IPIP-120) was used in this study, featuring 120 items (a = .88). Participants 

were instructed to rate the degree to which each item describes them. For the openness 

subscale, a sample item includes, “Have a vivid imagination.” For the conscientiousness 

subscale, a sample item includes, “Complete tasks successfully.” For the extraversion 

subscale, a sample item includes, “Make friends easily.” For the agreeableness subscale, 

a sample item includes, “Trust others.” For the neuroticism subscale, a sample item 

includes, “Worry about things.” See Appendix 2 for the full IPIP-120 scale.

Academic achievement. In order to measure academic achievement, a grade point 

average (GPA) was obtained from each participant, serving as the performance-related 

criterion for this study. GPAs were calculated on a scale from 0.0 to 4.0 (M — 3.43, SD = 

0.56), averaging the results of all graded coursework completed at the university in which
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participants were enrolled at the time of participation. GP As were obtained using 

participants’ student identification numbers, which were temporarily collected through 

the demographic questionnaire. See Appendix 3 for the full demographic questionnaire.

Demographics. Demographic measures were gathered at the end of the study. 

These measures included age, gender, and ethnicity. See Table 1 for a full distribution of 

demographic results, and see Appendix 3 for the full demographic questionnaire.

Results

Prior to analyzing study data, evidence for the content validity of the VR 

assessments was obtained through subject matter expert endorsement. To obtain this 

evidence, content from the VR assessments for Space Visualization (SV), Visual Speed 

& Accuracy (VSA) and Visual Pursuit (VP) was presented alongside the content and 

construct definitions from the self-report assessments to a doctoral-level expert in and 

professor of Psychology. This subject matter expert evaluated the VR assessment content 

and affirmed that each VR assessment seemed to represent the content targeted by its 

corresponding self-report assessment.

Next, an independent samples t-test was conducted to determine whether the order 

of the assessments (i.e., VR assessments first, self-report assessments second; or vice 

versa) affected the outcomes. Participants were divided by the order in which they took 

the assessments, and scores were compared for both the VR and self-report measures 

(i.e., SV, VS A, and VP). None of the resulting t statistics were significant (p > .05), 

indicating that the order of the assessments (i.e., whether a given participant played the
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VR games first or completed the self-report assessment first) did not significantly 

influence the outcome scores.

Prior to testing study hypotheses, we conducted a correlational analysis of study 

variables; see Table 2 for all correlations. To highlight results, age was found to be 

significantly related to conscientiousness (r = .38,/? < .001), agreeableness (r = .18, p  = 

.04), neuroticism (r = -A2,p  < .001), and GPA (r = .20,p  -  .02). However, these 

correlations may be spurious due to range restriction in the primarily college-aged sample 

used for this study. Gender was analyzed as a dichotomous variable (0 = female, 1 = 

male) and found to be significantly correlated with agreeableness (r = -.22, p  = .02), 

neuroticism (r = -.20, p  = .03), video game experience (VGE; r = .40, p < .001), and 

intimidation with games (IWG; r = -.39, p < .001). The relationships between gender 

with VGE and IWG were expected due to previous research finding significantly higher 

rates of video game use by males than by females (Greenberg, Sherry, Lachlan, Lucas, & 

Holmstrom, 2010). Next, openness was found to be significantly correlated with both 

VGE (r = .22, p  = .01) and IWG (r = -.26, p = .004), which were also significantly 

correlated with each other (r = -.51, p  < .001). It makes sense that openness would be 

positively related to VGE and negatively related to IWG, seeing as the construct of 

openness as a personality trait includes experience-seeking behaviors that can occur 

through playing video games, as well as the tendency to approach rather than avoid new 

experiences. It was also expected that VGE and IWG would be strongly and negatively
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related, seeing as both constructs approach familiarity and skill with video games, but 

VGE targets greater levels of familiarity and skill while IWG targets more limited levels.

Finally, relationships were demonstrated between assessments both within and 

across formats. Within the VR assessment format, VS A was found to be significantly 

correlated with both SV (r = .34,/? < .001) and VP (r = .45,/? = <.001), while SV and VP 

were not significantly correlated with one another (r = .13,/? = .17). Across self-report 

and VR formats, significant correlations were demonstrated for VSA (r = .32, /? < .001) 

and VP (r = .23,/? = .01), but not for SV (r = .16,/? = .07). These relationships provide 

some initial evidence that behaviors measured through the VR assessments are related to 

those measured through the self-report assessments. However, although the significance 

of these relationships varies across assessments, the behaviors across all three VR 

assessments seem to relate to one another despite being developed to measure three 

distinct abilities.

Hypothesis Testing

In order to test our hypotheses for this study, we used hierarchical regression 

analyses to evaluate the unique variance in outcomes accounted for by each unique 

predictor. For each hierarchical regression, we entered VGE and IWG scores in Step 1, 

then we entered the relevant predictor variable in Step 2. This allowed us to statistically 

account for the variance in outcomes explained by VGE and IWG, which were shown to 

relate to certain demographic variables. Previous research has also supported the link 

between demographics such as gender with performance in video games (Brown, Hall,
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Holtzer, Brown, & Brown, 1997). Using this strategy, we were able to control for the 

effects of VGE and IWG in our analyses.

Convergent validity. Hypothesis 1 was intended to demonstrate convergent 

validity between the VR and self-report formats as assessments for cognitive ability. We 

predicted that scores from each VR assessment would account for a significant portion of 

the variance in scores from the respective self-report cognitive ability assessment. To test 

HI, we conducted a hierarchical regression using VGE and IWG as control variables in 

Step 1 of each model and VR assessment scores as Step 2, with self-report assessment 

scores as the dependent variable. As shown in Table 3, we found that VR assessment 

scores accounted for a significant portion of the variance in self-report assessment scores 

for VS A, F(3,l 18) = 5.74, p  = .001, AR2 = .95, and for VP, F(3,l 18) = 3.15 ,p  = .02, AR2 

= .04. However, VR assessment scores for SV did not account for a significant portion of 

variance in self-report assessment scores, F(3, 118) = 1.35,/? = .12, AR2 = .02. These 

results provide partial support for HI, showing that scores from the VR assessments 

generally accounted for a significant portion of the variance in scores from the respective 

self-report assessments.

Divergent validity. Hypothesis 2 was intended to demonstrate divergent validity 

of the VR assessment as unrelated to measures of personality. We predicted that scores 

from each VR assessment would not account for a significant portion of variance in each 

of the Big Five personality traits, i.e., openness, conscientiousness, extraversion, 

agreeableness, and neuroticism. To test H2, we conducted five hierarchical regressions
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for each assessment, one for each personality trait, using VGE and IWG as control 

variables in Step 1 of each model and VR assessment scores as Step 2, with each 

respective personality trait as the dependent variable. Due to the high number of 

comparisons made to investigate this particular hypothesis (i.e., five personality traits 

across three assessments, totaling in fifteen comparisons), we used the Bonferroni 

correction to adjust the significance level for all comparisons, thereby correcting for 

alpha inflation and mitigating risk of type I error. The corrected significance level for the 

analyses conducted to test H2 was set at a = .003.

Space Visualization. As shown in Table 4, VR assessment scores for SV did not 

significantly predict openness, F(3,l 18) = 3.3, p  = .22, AR2 = .01; conscientiousness, F(3, 

118) = 1.68, p  = .43, AR2 = .01; extraversion, F(3,118) = 0.74, p  = .57, AR2 = <.001; 

agreeableness, F(3, 118) = 0.85,p  = .72, AR2 = <.001; or neuroticism, F(3, 118) = 2.45,/? 

= .90, ^  = <.001.

Visual Speed & Accuracy. As shown in Table 5, VR assessment scores for VSA 

did not significantly predict openness, F(3,l 18) = 5.69,p  = .004, AR2 = .06; 

conscientiousness, F(3,l 18) = 1.83,/? = .15, AR2 = .02; extraversion, F(3,118) = 0.76,p  

-  .52, AR2 = <.001; agreeableness, F(3,l 18) =1.03,p  = .46, AR2 = .01; or neuroticism, 

F(3,l 18) = 2.36, p  = .28, AR2 = .01.

Visual Pursuit. As shown in Table 6, we found that VR assessment scores for VP 

did not significantly predict openness, F(3, 118) = 3.16,p  = .31, AR2 = .01; 

conscientiousness, F(3,l 18) = 1.54, p = .42, AR2 = .01; extraversion, F(3,l 18) = 0.74, p =
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.63, AR2 = <.001; agreeableness, F(3,118) = 1.30, p  = .25, Ji?2 = .01; or neuroticism, 

F(3,l 18) = 3.16,/? = .09, AR2 = .02.

These results provide full support for H2, with scores from all three VR 

assessments demonstrating non-significant relationships with openness, 

conscientiousness, extraversion, agreeableness, and neuroticism.

Criterion-related validity. For hypothesis 3, we intended to demonstrate that 

scores from the VR assessments could provide a meaningful prediction of a relevant 

variable (i.e., academic achievement). We predicted that scores from each VR assessment 

would account for a significant portion of variance in academic achievement indicated by 

GPA. To test H3, we conducted a hierarchical regression for each assessment, using VGE 

and IWG as control variables in Step 1 of each model and VR assessment scores as Step 

2, with GPA as the dependent variable. As shown in Table 7, we found that VR 

assessment scores for VS A accounted for a significant portion of variance in GPA 

F(3,l 17) = 3.96, p  = .01, AR2 = .06. However, both SV, F(3,117) = 2.30,p  = .13, AR2 = 

.02, and VP, F(3,l 17) = 1.95,/? = .26, AR2 = .01, did not significantly predict GPA. These 

results provide partial support for H3, with only one VR assessment, intended to measure 

participants’ speed and accuracy in pattern recognition, predicting academic 

achievement.

Exploratory Analyses

The general purpose of our exploratory analyses was to examine two research 

questions that were respectively too small or too broad to serve as study hypotheses.
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These questions explore two additional emergent properties of VR game-based 

assessment: incremental predictive validity, and adverse impact.

Research Question 1. Research question 1 asked whether VR assessment scores 

would demonstrate incremental validity in predicting academic achievement over the 

self-report format scores. As shown in Table 8, we found that VR assessment scores 

accounted for a significant portion of the variance in academic achievement, measured 

using GPA, beyond the variance explained by the self-report assessment scores, but only 

for VSA, F(3,l 17) = 3.56, p  = .04, AR2 = .04, and not for SV, F(3,l 17) = 2.94,p  = .22, 

AR2 = .01, or VP, F(3,l 17) = 1.68, p  = .37, AR2 = .01. When predicting academic 

achievement beyond what is explained using a traditional assessment of cognitive ability 

alone, we were again only able to find support for the speed and accuracy of pattern 

recognition as having incremental validity for assessment in a VR format.

Research Question 2. Research question 2 asked whether the self-report and VR 

assessment formats would produce adverse impact in terms of significant differences in 

scores using ethnic and gender-based comparisons. Calculating adverse impact requires 

designating a cut score to discriminate between passing and non-passing participants. For 

objectivity purposes, prior to data analyses, we predetermined to evaluate adverse impact 

at the 50th, 75th, and 90th percentiles for each assessment score based on the distribution 

of each score in the current sample. This analysis considered adverse impact between the 

available gender subgroups (i.e., minority female, N  = 88, and majority male, N  = 34) and 

ethnic subgroups (i.e., minority Asian, N -  31, or minority Latino, N = 35, and majority
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White, N = 35), which were dummy coded as majority or minority for each comparison. 

Adverse impact analyses excluded participants who identified within the “Other” ethnic 

subgroup category, including “Black or African American”, “Native American or Alaska 

Native”, or any combination of multiple ethnic subgroups, due to insufficient sample size 

(N = 23) for yielding the statistical power necessary to make any meaningful comparison. 

Participants who identified as “Other” (i.e., “Transgender Female”; “Transgender Male”; 

Genderqueer, Genderfluid, or Non-Binary”; “Intersex”; or “Other”; N= 2) for their 

gender subgroup category were excluded for the same reason. Based on recommended 

methods for testing adverse impact, we used the following calculations: four-fifths ratio 

test, x2 test, Z test, and Fisher’s exact probability test (see Table 9; Tippins, 2010). 

General findings across all calculations show a pattern of adverse impact in both 

cognitive ability assessment formats, self-report and VR.

Four-Fifths Ratio Test. Indications of adverse impact were consistent for the 

four-fifths ratio testing, where patterns typically favored male participants over female 

participants and White participants over Latino participants. However, there was a 

consistent pattern favoring Asian participants over White participants.

Chi-Squared Test. Based on x2 statistics, patterns of adverse impact favored male 

participants over female participants for nearly all assessments, but not across all 

percentile cutoffs. Patterns also favored Asian participants over White participants for 

fewer assessments, while no adverse impact was demonstrated between White 

participants and Latino participants.
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Z-test. Because Z-test statistics were computed as transformations of x2 statistics, 

identical patterns of adverse impact were demonstrated through both tests. That is, based 

on Z statistics, patterns of adverse impact favorited male participants over female 

participants for most assessments, Asian participants over White participants for some 

assessments, and White participants over Latino participants for no assessments.

Fischer’s Exact Probability. Based onp  values from Fisher’s exact probability 

test, identical patterns of adverse impact were yet again observed as seen through both 

the chi-squared test and Z-test results. That is, based on p values from Fisher’s exact 

probability test, patterns of adverse impact favorited male participants over female 

participants for most assessments, Asian participants over White participants for some 

assessments, and White participants over Latino participants for no assessments.

Based on results from the four-fifths ratio tests, chi-square tests, Z-tests, and 

Fisher’s exact probability tests, adverse impact was evidenced across all assessments, 

using all tested percentile cutoff values, and across all demographic subgroup 

comparisons. However, no differences were seen across formats, indicating that adverse 

impact was equally prevalent in self-report assessment scores as in VR assessment 

scores.

Discussion

With VR technology increasing in popularity outside of purely entertainment- 

oriented functions, further evidence is needed to support and guide the application of VR 

games in these contexts. Therefore, the purpose of this study is to explore evidence for
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the validity of three VR games as assessments of three respective cognitive abilities (i.e., 

Space Visualization, Visual Speed & Accuracy, and Visual Pursuit). We evaluated 

different types of validity to gather evidence regarding the application of these VR games 

as cognitive ability assessments. This evidence included convergent validity (i.e., 

significant relationships between the VR format and the self-report format of the same 

cognitive ability assessments), divergent validity (i.e., non-significant relationships 

between the VR assessment scores and OCEAN personality traits), and criterion-related 

validity (i.e., significant relationships between the VR assessment scores and academic 

achievement indicated by participants’ GPAs). We also conducted exploratory analyses 

to address questions on the incremental validity and potential for adverse impact through 

the VR assessment format.

In hypothesis 1, we predicted that the similarities between the game content and 

traditional test content would be similar enough to show a significant relationship 

between the VR assessment format and the self-report assessment format when 

measuring the three assessments of specific cognitive abilities. We found evidence to 

support this assumption for two of the three assessments. It is important to consider 

which aspects of these games allowed them to perform better as assessments. First, 

consider the two assessments that demonstrated significant convergence between the VR 

and self-report formats. The first was Visual Speed & Accuracy, in which participants 

needed to distinguish between and match patterns. Similarities between the VR and 

traditional self-report assessments included pattern recognition and distinction
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components. However, the VR format required additional skills, such as balance for 

standing and shifting weight, and manual dexterity for using controls to manipulate the 

orientation of the patterned cubes in the game.

The second of the two VR assessments that demonstrated convergence with its 

respective self-report assessment was Visual Pursuit. Similarities across formats for this 

specific ability assessment emphasized visual tracking and concentration components. 

However, in addition to mixing these components with the requirements for navigating 

VR environments such as balance and manual dexterity, the VR assessment for Visual 

Pursuit also involved sustained concentration, where any break could result in an error 

and subsequent checkpoint reset. It is important to consider that these behavioral 

differences may have contributed to differences in results between assessment formats, 

with gameplay in VR environments potentially placing additional confounding demands 

on participants beyond the self-report assessments (Plass, Homer, Kinzer, Frye, & Perlin, 

2011). Most importantly, it should be underscored that two of the VR measures still 

converged significantly with their self-report counterparts.

On the other hand, one of the three VR measures, i.e., Space Visualization, did 

not converge significantly with its corresponding self-report measure. Beyond the 

potential confounding effects of video gameplay in assessment contexts as described 

above, the research design of this study may have contributed to the limited findings for 

this assessment’s convergence across formats. Specifically, this was the first VR 

assessment that each participant completed. Considering the likely novelty of the VR
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environment to many participants, this ordering may have yielded practice effects that 

significantly affected performance on the Space Visualization assessment, such that 

results may reflect participants’ real-time VR gaming skill acquisition in addition to 

measuring their Space Visualization behaviors. These practice effects are consistently 

supported by prior research, particularly with spatial tests such as this one (Benedict & 

Zgaljardic, 1998). For this reason, limited results for Space Visualization should be 

anticipated across additional hypotheses, as seen below in the discussion of the remaining 

hypotheses and exploratory analyses.

Even so, the partial support found for hypothesis 1 is encouraging because it 

demonstrates that there are meaningful similarities between the two assessment formats 

that warrant further exploration. These findings build upon previous research-based 

support for the convergent validity of assessments in 2D game-based formats by 

extending this support to a VR game-based format (McPherson & Bums, 2008; 

Thompson, Barrett, Patterson, & Craig, 2012; Ventura & Shute, 2013).

In hypothesis 2, we predicted that none of the three VR assessments would 

demonstrate significant relationships with any of the five OCEAN personality traits, i.e., 

openness, conscientiousness, extraversion, agreeableness, and neuroticism. Because 

previous research has demonstrated orthogonal relationships between cognitive ability 

and personality (Barrick & Mount, 1991), we hoped to demonstrate similarly orthogonal 

relationships using the VR assessments as measures of cognitive ability. Accordingly, we 

found that all three VR assessments were non-significantly related to each of the five
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OCEAN personality traits. While no significant relationships were found relative to the 

significance level established using the Bonferroni correction (a = .003), it should be 

noted that this level was closely approximated by the significance of the relationship 

between Visual Speed & Accuracy and openness (p = .004). Although non-significant, 

this relationship might be explained by certain qualities of the game that was used to 

assess Visual Speed & Accuracy. For example, the bright colors, vibrant shapes, and 

other highly experiential imagery and actions featured in this game might relate to the 

similarly experiential elements of openness as a construct (McCrae & Costa, 1987). 

Additionally, while cognitive ability has typically demonstrated orthogonality with 

personality traits, recent research has provided some support for a potential link between 

cognitive ability and openness (Carretta & Ree, 2018).

Nevertheless, hypothesis 2 was supported by the non-significant relationships 

between all VR assessments and OCEAN personality traits. In addition to the 

convergence for Visual Speed & Accuracy and Space Visualization demonstrated 

through testing hypothesis 1, this divergence contributes to broader evidence for the 

construct validity of the VR assessments, showing that they conform to the constructs of 

their respective specific abilities (i.e., Space Visualization, Visual Speed & Accuracy, 

and Visual Pursuit), not by only measuring what they are intended to measure, but also 

by not measuring what they are not intended to measure.

In hypothesis 3, we predicted that the three VR assessments would each 

demonstrate predictive relationships with academic performance, such that the VR



42

assessment scores as distinct measures of specific cognitive abilities would account for 

significant portions of variance in GPA as a measure of academic performance. Evidence 

supported the criterion-related validity of the Visual Speed & Accuracy assessment, 

indicating that this assessment was shown to function as a significant predictor of 

academic performance. However, neither of the other two VR assessments, i.e., Space 

Visualization and Visual Pursuit, were significantly related with academic performance 

in the same way. The findings for this hypothesis were further supported by the results of 

the first exploratory analysis, which explored whether VR assessment scores could be 

used to explain a significantly increased portion of variance in GPA above the variance 

accounted for by self-report scores. Again, findings from the first exploratory analysis 

provided validity evidence for only the Visual Speed & Accuracy VR assessment.

As mentioned above, there may be certain properties unique to the game selected 

for the VR assessment of Visual Speed & Accuracy that yielded greater evidence for its 

validity, in this case, in the predication (or incremental prediction) of academic 

performance. Examples of such properties could pertain to features like the specific 

images encountered, objectives sought, actions performed, or feedback received by 

participants in this game. Regardless, these findings for hypothesis 3 and for the first 

exploratory analysis provide evidence for the criterion-related validity of the VR 

assessment format in predicting academic performance. This evidence is consistent with 

previous literature supporting the link between measures of cognitive ability with 

performance, indicating that VR assessments could be used to predict performance in a
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similar manner as 2D game-based assessments and even self-report assessments (Bottino, 

Ott, Tavella, & Benigno, 2010; DeRosier & Thomas, 2018; Kiili & Ketamo, 2018).

In order to expand upon this evidence for the construct (i.e., convergent and 

divergent) and criterion-related (i.e., predictive and incremental) validity of the VR 

assessments, we focused our second and final exploratory analysis toward examining the 

utility of these assessments in applied settings. In particular, this analysis explored the 

emergence of adverse impact in assessment scores, evaluated through comparisons 

between male versus female, White versus Asian, and White versus Latino participants’ 

scores. We found mixed results across the various practical and statistical tests that were 

run to evaluate adverse impact, but evidence for adverse impact was generally 

widespread for all VR and self-report assessments, typically favoring male over female 

participants, Asian over White participants, and White over Latino participants.

The findings for this exploratory analysis align with some previous research- 

based findings, such as the tendency of cognitive ability tests to favor Asian assesses over 

White assesses and White assesses over Latino assesses (Ployhart & Holtz, 2008). 

However, this analysis also found extensive adverse impact across gender subgroups, 

whereas the literature on adverse impact through cognitive ability testing indicates that 

gender differences are small (Hyde, 1981). Because adverse impact was found across 

both the VR and self-report assessment formats, the mixed support that these findings 

provide for prior research may be due to the highly visual and spatial nature of both of
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these assessments compared with other tests of cognitive ability, rather than due to their 

formats alone.

For comparison, the use of non-verbal visual components in cognitive ability 

testing has been shown to lead to reductions in ethnic adverse impact by way of reducing 

additional cognitive load from reading and other confounds (Outtz, 2002). Also, while 

cognitive ability as a general mental ability (i.e., g) does not differ greatly between 

genders, there are differences for specific abilities, with female assesses typically 

outperforming males in verbal reasoning assessments but underperforming in spatial 

reasoning assessments (Ones, Dilchert, Viswesvaran, & Salgado, 2017). It makes sense 

that the focus upon graphics, rather than text, in both the VR and self-report formats used 

in this study would yield similarly lower than expected rates of adverse impact 

comparing White and Latino participants’ scores and higher than expected rates 

comparing male and female participants’ scores. Regardless, these findings do not 

support the use of a VR game-based assessment format to reduce adverse impact 

compared with a traditional self-report assessment.

Future Directions

Overall, the results from this study provide mixed but promising support for the 

validity of the VR assessments in assessing their respective specific cognitive abilities. 

This support extends to the convergent validity of the Visual Speed & Accuracy and 

Visual Pursuit assessments; the divergent validity of all VR assessments, compared for 

orthogonality with OCEAN personality traits; the criterion-related validity of the Visual
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Speed & Accuracy assessment in predicting GPA; and the incremental validity of the 

Visual Speed & Accuracy VR assessment in predicting GPA over the corresponding self- 

report assessment. We also found evidence for adverse impact through all VR and self- 

report assessment scores, with greater evidence seen when comparing genders than when 

comparing ethnicities. Taken together, these results build upon past research 

demonstrating the validity and utility of 2D game-based assessments in measuring 

constructs associated with cognitive ability by providing evidence for the validity of a 

similar cognitive ability measurement in a VR game-based format (Hummel, Brinke, 

Nadolski, & Baartman, 2017; Kiili, Devlin, Perttula, Tuomi, & Lindstedt, 2015; Shute, 

Ventura, & Kim, 2013). This might be used to support future research exploring the 

validity and utility of VR technology to assess cognitive ability.

For instance, future research should examine other specific abilities in the VR 

assessment format, i.e., beyond Space Visualization, Visual Speed & Accuracy, and 

Visual Pursuit. This study primarily found support for the validity of the VR assessment 

format for measuring Visual Speed & Accuracy, but not Space Visualization or Visual 

Pursuit. Therefore, other studies could explore validity evidence for VR assessments in 

measuring constructs more similar to Visual Speed & Accuracy than to Space 

Visualization or Visual Pursuit, or otherwise measuring constructs associated with 

cognitive ability but entirely distinct from Space Visualization and Visual Pursuit. Such 

research should be conducted in order to further establish links between VR game-based 

assessments and specific cognitive abilities.
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Future research should also explore other forms of validity evidence demonstrated 

by the VR assessment format, i.e., beyond convergent, divergent, criterion-related, and 

incremental validity. In line with the prevailing view of validity as a unitary concept 

rather than a shortlist of common sources for evidence (such as the outdated tripartite 

model of validity), forms of validity beyond content, construct, and criterion-related 

validity should be taken into consideration. For instance, test validity has been explored 

in recent research through methods such as nomological networks and multitrait- 

multimethod matrices (Engellant, Holland, & Piper, 2016; Miller et al., 2018). Depending 

on the specific constructs being assessed, these methods might be appropriate for 

evaluating validity through similar research on VR assessments.

Additionally, future research should emphasize participants’ experiences with and 

reactions to VR assessments, as well as relevant organizational outcomes. The current 

literature supports the effects of certain 2D game-based assessments in increasing 

positive reactions among job candidates (Armstrong, Ferrell, Collmus, & Landers, 2016). 

It should be determined whether these effects will translate to VR assessment formats. 

These outcomes are particularly important for organizations and practitioners relying 

upon the use of assessments for employee selection, considering the potential impact of 

candidate reactions upon factors like organizational attractiveness as well as selected 

employees’ intent to accept employment offers based on experiences throughout the 

selection process (Highhouse, Lievens, & Sinar, 2003).

Limitations
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Furthermore, future research should address the limitations of this study. A major 

limitation is the use of commercial off-the-shelf games rather than games that were 

custom developed or otherwise specialized to assess the targeted constructs. This may 

have affected assessment scores, seeing as the scoring for some of the VR assessments 

utilized in this study relied upon manual behavioral coding rather than cleaner, more 

objective scores that could have been produced automatically within the VR games. For 

instance, scores for the Visual Pursuit assessment were calculated based on a criticality 

index combining different counts of in-game behaviors, rather than scores generated by 

the game, and this scoring system may be related to the lack of positive findings to 

support the criterion-related or incremental validity of this assessment. Also, the games 

chosen for this study were originally developed and published exclusively for 

entertainment purposes, so it is likely that the match between the constructs targeted by 

this study could be better assessed through gameplay in VR games that were specifically 

designed to invoke behaviors that are representative of these constructs. Thus, the lack of 

intentionality in game design, with respect to the measurement of specific cognitive 

abilities, likely entailed the inclusion of unrelated behaviors that may have confounded 

the measurement of these abilities.

Another limitation of this study is the use of a sample composed of participants 

who are disproportionately White, educated, industrialized, rich, and Democratic, with 

respect to the global population, otherwise known as a WEIRD sample. This limitation is 

common to studies such as the current one, which relied upon a convenience sample of
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undergraduate college students, and this most likely impacted results (Henrich, Heine, & 

Norenzayan, 2010). The limitations involved with this sample also included the need to 

use GPA as a proxy measure for job performance, seeing as many participants may not 

have possessed significant job performance history to allow for this measure to serve as a 

targeted criterion of interest. The use of GPA in this context is supported by use in 

previous research, but as a proxy, this measure is still an imperfect representation of the 

targeted measure of job performance (Imose & Barber, 2015). As a result, the findings of 

this study may be limited in generalizability from the sampled undergraduate student 

population to a wider workforce population, in turn limiting the ecological validity of 

these findings.

Finally, certain aspects of the research design may have affected study outcomes, 

potentially limiting the extent to which findings supported hypotheses. For instance, 

while participants completed self-report assessments and VR assessments as two distinct 

assessment batteries that were delivered in counterbalanced orders, the order of 

assessments within these batteries was not counterbalanced. Participants completed the 

VR assessments in a fixed order (i.e., Space Visualization, Visual Speed & Accuracy, 

Visual Pursuit). This ordering may have affected how participants performed on the 

individual assessments. Taking into consideration the novelty of the VR technology that 

was featured in the study and the prior unfamiliarity that many participants may have 

possessed with this technology, it is possible that results may be confounded by practice 

effects, with participants increasing in successful in-game behaviors as they progressed,
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and/or fatigue effects, with participants decreasing in successful in-game behaviors as 

they tired from the unfamiliar and relatively lengthy experience.

Conclusion

This study is intended to provide evidence for the validity of a set of three VR 

game-based assessments in measuring three respective constructs associated with 

cognitive ability, i.e., Space Visualization, Visual Speed & Accuracy, and Visual Pursuit. 

Findings provide some validity evidence for these VR assessments, especially Visual 

Speed & Accuracy, as evaluated through relationships demonstrated with self-report 

assessment scores, orthogonality with OCEAN personality traits, and prediction of GPA. 

In addition, findings provide evidence for the incremental validity of VR assessment 

scores for Visual Speed & Accuracy over self-report assessment scores to predict GPA, 

as well as demonstrating moderate adverse impact in gender and ethnic subgroup 

comparisons across both assessment formats, i.e., VR and self-report. Future research 

should continue to explore the VR game-based assessment format in measuring 

additional specific cognitive abilities, supported by additional forms of validity evidence, 

and using specialized or custom-made VR games, so that more robust support for validity 

might be anticipated. Also, future studies should explore VR assessment among applied 

samples, rather than student samples, in order to increase the ecological validity of 

findings supporting the use of VR game-based assessments in workplace contexts, and to 

explore additional outcomes such as reactions. Regardless, this study constitutes a
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valuable early step forward to help drive research and practice aligned with the proactive 

rather than reactive incorporation of novel and useful technology into personnel practices.
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Table 1. Participant demographics

N %

Gender
Female 88 70.97
Male 34 27.42
Other 2 1.61

Ethnicity
Asian 31 25.00
Latino 35 28.23
White 35 28.23
Other 23 18.55

Study Order
VR assessments first 62 50.00
Self-report assessments first 62 50.00

Total 124
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Table 2. Descriptive statistics and study correlations

M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. Age 24.15 6.88 —

2. Gender .28 0.45 .07 —

3. GPA 3.43 0.56 .20* -.05 —

4. Video game experience 3.00 0.77 -.12 .40** -.16 (.94)

5. Intimidation with games 2.50 0.36 .02 -.39** .14 -.57** (.88)

6. Openness 3.64 0.50 -.05 -.00 .06 .22* -.26** (.84)

7. Conscientiousness 3.66 0.45 .38** .06 .15 -.16 -.00 -.01 (.83)

8. Extraversion 3.38 0.50 .12 .07 -.14 .10 -.11 .29** .31** (.88)

9. Agreeableness 3.72 0.40 .18* -.22* .05 -.14 .09 .09 .43** .08 (.79)

10. Neuroticism 2.78 0.56 -.42** -.20* .06 .08 .14 -.12 -.51** -.44** -.10 (.87)

l l . S V  (Self-Report) 47.44 31.22 -.01 .34** .20* .06 -.13 .29** -.07 .10 .03 -.03 —

12. VSA (Self-Report) 33.94 32.08 -.24** .09 .16 .20* -.08 .10 -.24** -.09 -.13 .18* A T —

13. VP (Self-Report) 37.45 26.10 .05 .23* .07 .20* -.10 .21* -.02 .19* -.01 -.11 .54** .31** —

16. SV (VR) .14 .10 -.10 .26** .08 .21* -.29** .18* -.07 -.01 .00 -.04 .14 .25** .16 —

15. VSA (VR) .71 .13 -.26** .25** .19* .18 -.22* .30** -.13 -.03 .04 .08 .41** .32** .45** .45** —

14. VP (VR) .53 .22 .01 .12 .05 .19* -.26** .16 -.08 .08 .08 .13 .23* .04 .39** .13 .34**

"p < .05, *'p < .01.
Note. Gender: 0 = Female; 1 = Male. GPA evaluated on a 0.0. to 4.0 scale. Cognitive Ability Assessments: SV = Space Visualization, VSA = 
Visual Speed & Accuracy, and VP = Visual Pursuit. Reliability values are provided in parentheses along the diagonal.
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Table 3. Hypothesis 1: Convergent validity evidence

B SE ft 95% Cl AR2 P F(df)
Step 1 Video game experience -2.36 4.59 -.06 -11.45,6.73 .01 .48 0.79(2,118)

+ Intimidation with games -4.83 3.89 -.14 -12.54,2.88
Step 2 SV (VR) 47.14 30.11 .15 -12.50,106.78 .02 .12 1.35(3,118)

Step 1 Video game experience 9.11 4.65 .21 -0.10, 18.32 .04 .12 2.12(2,118)
+ Intimidation with games 2.12 3.94 .06 -5.68, 9.91

Step 2 VSA (VR) 76.51 21.60 .32 33.73,119.29 .10 .001 5.74(3,118)

Step 1 Video game experience 7.03 3.81 .20 -0.51, 14.57 .03 .14 1.97(2, 118)
+ Intimidation with games 1.30 3.24 .04 -5.11,7.71

Step 2 VP (VR) 26.02 11.25 .22 3.73,48.31 .04 .02 3.15(3, 118)

Note. Hierarchical regression using VR assessment scores to predict self-report assessment scores 
for Space Visualization (SV), Visual Speed & Accuracy (VSA), and Visual Pursuit (VP), 
controlling for video game experience and intimidation with games.
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Table 4. Hypothesis 2a: Divergent validity evidence (Space Visualization)

B SE P 95% Cl AR2 P F(dJ)

Openness
Step 1 Video game experience 0.06 0.07 .09 •0.08, 0.20 .07 .02 4.21(2, 118)

+ Intimidation with games -0.11 0.06 -.20 •0.23, 0.01
Step 2 SV (VR) 0.58 0.47 .17 •0.35, 1.51 .01 .22 3.33(3, 118)

Conscientiousness
Step 1 Video game experience -0.14 0.07 -.23 0.27, -0.01 .04 .11 2.21(2, 118)

+ Intimidation with games -0.08 0.06 -.16 •0.19, 0.03
Step 2 SV (VR) -0.35 0.44 -.08 •1.21,0.52 .01 .43 1.68(3, 118)

Extroversion
Step 1 Video game experience 0.04 0.07 .06 ■0.11,0.18 .02 .39 0.95(2, 118)

+ Intimidation with games -0.05 0.06 -.09 •0.17, 0.07
Step 2 SV (VR) -0.27 0.49 -.06 •1.24,0.69 <.001 .57 0.74(3, 118)

Agreeableness
Step 1 Video game experience -0.08 0.06 -.14 •0.19,0.04 .02 .30 1.22(2, 118)

+ Intimidation with games <0.01 0.05 <.01 •0.10, 0.10
Step 2 SV (VR) 0.14 0.40 .03 •0.64, 0.92 <.001 .72 0.85(3, 118)

Neuroticism
Step 1 Video game experience 0.18 0.08 .25 0.02, .034 .06 .03 3.54(2, 118)

+ Intimidation with games 0.16 0.07 .26 0.03, 0.30
Step 2 SV (VR) -0.07 0.53 -.01 •1.12,0.99 <.001 .90 2.45(3, 118)

Note. Hierarchical regression using VR assessment scores for Space Visualization (SV) to predict
OCEAN personality trait scores, accounting for video game experience and intimidation with
games.
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Table 5. Hypothesis 2b: Divergent validity evidence (Visual Speed & Accuracy)

B SE p  95% Cl AR2 P F(df)

Openness
Step 1 Video game experience 0.06 0.07 .09 -0.08,0.20 .07 .02 4.08(2,118)

+ Intimidation with games -0.11 0.06 -.19 -0.23,0.01
Step 2 VSA (VR) 0.98 0.34 .26 0.31,1.65 .06 .004 5.69(3, 118)

Conscientiousness
Step 1 Video game experience -0.12 0.07 -.20 -0.25,0.01 .03 .20 1.65(2, 118)

+ Intimidation with games -0.07 0.06 -.14 -0.18,0.04
Step 2 VSA (VR) -0.47 0.32 -.14 -1.10,0.17 .02 .15 1.83(3, 118)

Extroversion
Step 1 Video game experience 0.05 0.07 .07 -0.10,0.20 .02 .39 0.95(2, 118)

+ Intimidation with games -0.04 0.06 -.07 -0.17,0.08
Step 2 VSA (VR) -0.23 0.36 -.06 -0.95,0.49 <.001 .52 0.76(3,118)

Agreeableness
Step 1 Video game experience -0.08 0.06 -.15 -0.20,0.04 .02 .28 1.28(2, 118)

+ Intimidation with games 0.00 0.05 <.01 -0.10,0.10
Step 2 VSA (VR) 0.22 0.29 .07 -0.36,0.79 .01 .46 1.03(3, 118)

Neuroticism
Step 1 Video game experience 0.16 0.08 .22 0.00,0.32 .05 .06 2.93(2, 118)

+ Intimidation with games 0.15 0.07 .24 0.02,0.29
Step 2 VSA (VR) 0.43 0.39 .10 -0.35,1.20 .01 .28 2.36(3, 118)

Note. Hierarchical regression using VR assessment scores for Visual Speed & Accuracy (VS A) to
predict OCEAN personality trait scores, accounting for video game experience and intimidation
with games.



70

Table 6. Hypothesis 2c: Divergent validity evidence (Visual Pursuit)

B SE P 95% Cl AR2 P F(dfl

Openness
Step 1 Video game experience 0.07 0.07 .10 -0.07, .209 .07 .02 4.21(2,118)

+ Intimidation with games -0.11 0.06 -.19 -0.23,0.01
Step 2 VP (VR) 0.22 0.22 .10 -0.21,0.65 .01 .31 3.16(3, 118)

Conscientiousness
Step 1 Video game experience -0.13 0.07 -.21 -0.26,0.00 .03 .14 1.99(2, 118)

+ Intimidation with games -0.08 0.06 -.15 -0.19,0.04
Step 2 VP (VR) -0.16 0.20 -.08 -0.56,0.23 .01 .42 1.54(3, 118)

Extroversion
Step 1 Video game experience 0.05 0.07 .08 -0.10,0.20 .02 .37 0.99(2,118)

+ Intimidation with games -0.04 0.06 -.07 -0.17,0.08
Step 2 VP (VR) 0.11 0.22 .05 -0.33,0.55 <.001 .63 0.74(3,118)

Agreeableness
Step 1 Video game experience -0.08 0.06 -.15 -0.20,0.04 .02 .28 1.27(2, 118)

+ Intimidation with games 0.00 0.05 <.01 -0.10,0.10
Step 2 VP (VR) 0.21 0.18 .11 -0.15,0.56 :01 .25 1.30(3, 118)

Neuroticism
Step 1 Video game experience 0.17 0.08 .23 0.01,0.33 .05 .04 3.23(2,118)

+ Intimidation with games 0.16 0.07 .25 0.02,0.29
Step 2 VP (VR) 0.41 0.24 .16 -0.07,0.88 .02 .09 3.16(3,118)

Note. Hierarchical regression using VR assessment scores for Visual Pursuit (VP) to predict
OCEAN personality trait scores, accounting for video game experience and intimidation with
games.
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Table 7. Hypothesis 3: Criterion-related validity evidence

B SE P 95% Cl AR2 P F(df)
Step 1 Video game experience -0.10 0.08 -.13 -0.26,0.06 .04 .11 2.22(2, 117)

+ Intimidation with games 0.05 0.07 .08 -0.09,0.19
Step 2 SV (VR) 0.83 0.54 .15 -0.23, 1.90 .02 .13 2.30(3,117)

Step 1 Video game experience -0.10 0.08 -.13 -0.26,0.07 .04 .12 2.13(2,117)
+ Intimidation with games 0.06 0.07 .09 -0.09,0.19

Step 2 VSA (VR) 1.05 0.39 .25 0.28,1.82 .06.01 3.96(3, 117)

Step 1 Video game experience -0.11 0.08 -.14 -0.27,0.06 .04 .11 2.27(2,117)
+ Intimidation with games 0.05 0.07 .08 -0.09,0.19

Step 2 VP (VR) 0.28 0.25 .11 -0.21,0.76 .01 .26 1.95(3,117)

Note. Hierarchical regression using VR assessment scores for Space Visualization (SV), Visual 
Speed & Accuracy (VSA), and Visual Pursuit (VP) to predict GPA, accounting for video game 
experience and intimidation with games.
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Table 8. Incremental predictive validity evidence

B SE 95% Cl AR2 P F(dfl
Step 1 Video game experience -0.10 0.08 -0.13 -0.26, 0.08 .04 .11 2.22(2, 117)

+ Intimidation with games 0.05 0.07 0.08 -0.09,0.19
Step 2 SV (Self-Report) 0.01 0.01 0.21 <0.01,0.01 .05 .02 3.41(3, 117)
Step 3 SV (VR) 0.65 0.54 0.12 -0.41,1.71 .01 .22 2.94(4, 117)

Step 1 Video game experience -0.10 0.08 -0.13 -0.26,0.07 .04 .12 2.13(2, 117)
+ Intimidation with games 0.06 0.07 0.07 -0.09,0.19

Step 2 VSA (Self-Report) 0.01 0.01 0.21 <0.01,0.01 .04 .03 3.14(3, 117)
Step 3 VSA (VR) 0.86 0.41 0.20 0.06, 1.66 .04 .04 3.56(4, 117)

Step 1 Video game experience -0.11 0.08 -0.14 -0.27,0.06 .04 .11 2.27(2,117)
+ Intimidation with games 0.05 0.07 0.08 -0.09,0.19

Step 2 VP (Self-Report) 0.01 0.01 0.11 -0.01,0.01 .01 .24 1.97(3,117)
Step 3 VP (VR) 0.23 0.25 0.09 -0.27,0.72 .01 .37 1.68(4,117)

Note. Hierarchical regression using VR assessment scores for Space Visualization (SV), Visual 
Speed & Accuracy (VSA), and Visual Pursuit (VP) to predict GPA, accounting for video game 
experience and intimidation with games in Step 1 and self-report assessment scores in Step 2 of 
each model.
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Table 9. Adverse impact calculation across demographic comparisons

______________________________ Percentile_____________________________
_______ 50%_______________ 75%_______________90%_______

4/ i  x2 Z Fischer 4/s x2 Z Fischer 4/s X2 Z Fischer

Space Visualization 
(SV)

Self-Report Assessment
Female/Male 0.56+ .001" 3.23+ <.01+ 0.51+ .03* 2.18+ .03+ 0.33+ .03* 2.21+ .05+
Asian/White 0.95 .81 0.25 .99 1.01 .99 <0.01 .99 1.41 .58 0.56 .72
Latino/White 0.72+ .23 1.20 .34 o oo

 
—► .57 0.57 .78 0.50+ .39 0.85 .67

VR Assessment
Female/Male 0.57+ .002" LO b oo <.01+ 0.44+ o o oo

* ‘ 2.64+ .02+ 0.54+ .27 1.12 .31
Asian/White 1.06 .79 0.27 .81 1.22 .67 0.43 .77 6.26 .04’ 2.09+ .05+
Latino/White 1.00 .99 <0.01 .99 1.14 .77 0.29 .99 2.00 .56 0.59 .99

Visual Speed & 
Accuracy (VSA)

Self-Report Assessment
Female/Male 0.76+ .13 1.50 .16 0.94 .87 0.18 .99 1.16 .82 0.23 .99
Asian/White 1.92 .002** 3.07+ <.01+ 2.44 .03* 2.22+ .03+ 2.86 .17 1.37 .24
Latino/White 0.93 .81 0.24 .99 0.67+ .50 0.68 .73 1.00 .99 <0.01 .99

VR Assessment
Female/Male 0.69+ .04* 2.10+ .04+ o OO .02* 2.33+ .03+ 0.54+ .27 1.12 .31
Asian/White 0.94 .81 0.23 .99 0.91 .81 0.24 .99 0.85 .82 0.23 .99
Latino/White 0.97 .91 0.12 .99 0.52+ .16 1.40 .24 0.77+ .72 0.36 .99

Visual Pursuit 
(VP)

Self-Report Assessment
Female/Male 0.59+ .03* 3.01+ <.01+ 0.51+ .03* 2.18+ .04+ 0.54+ .26 1.12 .31
Asian/White 1.06 .81 0.25 .99 1.25 .56 0.59 .60 0.56+ .48 0.70 .68
Latino/White 1.00 .99 <0.01 .99 0.67+ OOcn 0.87 .56 0.25+ .16 1.39 .36

VR Assessment
Female/Male 0.74+ .14 1.49 .15 0.82 .57 0.56 .63 0.28+ .01* 2.47+ .04+
Asian/White 1.06 .80 0.25 .99 0.80 .64 0.47 .77 0.53+ .44 0.78 .67
Latino/White 0.88 .62 0.49 .81 1.00 .99 <0.01 .99 0.50+ .39 0.09 .67

>>.05, *>>.01.
Note, f = calculations that indicate adverse impact.
Vs = Four-fifths ratio test, adverse impact for values below .80.
X2 = p-values for Chi-squared test, adverse impact for values below .05.
Z = Z test, adverse impact for values above 1.96.
Fischer = p-values for Fisher’s exact probability test, adverse impact for values below .05.



Figure 1. Space Visualization (Self-Report Assessment) — Sample Content
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Figure 2. Visual Speed & Accuracy (Self-Report Assessment) — Sample Content
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Figure 3. Visual Pursuit (Self-Report Assessment) — Sample Content
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Figure 4. Space Visualization (VR Assessment) — Sample Content
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Figure 5. Visual Speed & Accuracy (VR Assessment) — Sample Content
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Figure 6. Visual Pursuit (VR Assessment) — Sample Content
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Appendix 1. Video game experience scale and intimidation with games scale
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Beas# mm& mdh stateffle«i «afv&i%, in n l w w f  to your genarwf en^enef!®# playing; iaiSma..aammm., Select 
ti# option th*t N*f£ oorosporwt* Ip jpyr n§r**f*i#fi| or om t *  pfwitfmt, mn&**g 
'Strongly d ( u g n « 4 on th* t#ft to "Strongly jg n * *  on if * ri^ht

m m m
maptt

f^r^er
apst
*HDff

CN&a^ ^K^ce Agrae
M ng|
ip it

i pH* to i M  rt>TJv hg mf m m  p i  at*

i km  tank of in*« «n«n i puy vMwgiflie*

i ««t pme^m m seelftf. way* to Hrwm* r  T ^  first ffcito

i m t men §wm rue* earitofeg.

M a d  oil m§ tmmmyt □ t prtisttu* ytato fMti*, I h r  ia U f m t M t | lt  «w 
M s  er i  game.

i am good M MMfffMMk o u f i ^  to gnato

i putf nwy «asii met p*ay»g vMaofpnas.

t&an^giwsi#i»py^a «'**. faR»naMMngtome.

t mmu me® $wn«t m  «Ktef!a****g.

i «& § ra ^  Mti feit My o  o  o

t̂ofed psti*. jfetbfc. Q U O

Wtwf: to*t is*$t ef ip* mmm i f f  «PtfcP it  api 
fwqpfWHPItife a  o  o

i m m  cai it$sm  a "atmui gmtc" Q Q &
4 m # iiifw d w < w w to h (»§  r™ g a z r* o f^ i^ r l» ia q i^  
« w

it fcHes (16*1 enj :r?  toyi^stani in® s a M  «fa «MB»fnne.

f M  n tmaM to M M  m m  pmas Q

i tm* gooa hum u »«

i *3u c tft«ip> lo itt mrnm  or a vMKOfimt: O Q  O ©

VWw fpnff, ar« *u n m: ng to me.

1 iri: ajr*torr p&fflng rtd*c-pff*«* Q  0  O

1 H i ptip*| *im- p m

i tiffif pairng vme» games Q U O

1 cm Ites yp arifi a * a » fame mat i» « i  ju ■ ssf y. Q U O U

i ^ lie ̂  *M(%rce p M , Q Q O o

t am Vij >mm*d *twr 1 j*»? vii«® Q  G  G
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Appendix 2. International Personality Item Pool 120-item scale

The following statements describe people's behaviors Please use the rating scale next to each phrase to 
describe how accurately each statement describes you. Describe yourself honestly and as you generally are 
now, not as you wish to be m the future

Please read each statement carefuty and select trie option that best corresponds to your agreement or 
disagreement on toe scale provided, ranging from "Strongty disagree* on tie toft to ‘Strongly agree* cm toe 
right

rri ralti i -----«- -awofjpy
dftaQre* Disagree Neutral Agree agree

Go g*t badges. a o G G G
Hawe m vwkf O o G G G
Lew# to help o#*tn, o o G O 9
Know bam to «** thir̂ * don*. o © G O Q
f*iito H dM&ult to cfthar*. G o G G 0
Tty to tod others.. o 9 G G G

Do mom ®wn * aspeeM of m*. o o G G Q
Smm* m one ime r&tyon. o o G © 0
Am not inieresled m afes&act nfeas- G o G G G
Ctmm to get ahead o o G G G
F**l tympatty far Ifaom who mm worm o*P Vm *iiy*«§f■ 0 o G G G
Do a lei m my *t» o g O O G

Nm4 m push to f«l s*arttd o o G Q G
E*mAte* I «k». o o Q 0 G
Warm up qutcfciy to o o G G G
Am a&te to simd up tor fwpsef. o G Q G O
•Distmstpeopie.. o G G G G
LaugN atoutiL o o O Q G

fifof feeing rKfctes& o 0 G G 0
lew* action G g G G Q
Sift Ngh standards tor myw0 and afar*. 0 Q G G G

o o G G
Rarely a«t stated. o G G G
Complete lasts syeoess&l̂ . o G G O G
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Appendix 3. Demographic questionnaire

Please enter your S f SU Student ID Number

Please enter your current m e in years (&,§., "’28*).
"" "1

i —  . . i

Please indicate the tiender with whtcfi you identify
Female

O  i y »

O  Trar**Qefider Female

Q TnantgendiirKAaie

■.v. = ®tir»6*fqijeecv Oen<lP»1Mdl or NocvUinwrir

0  t**mm
om&t iptom* wpmdty)
k......... -...— ......... —J

Please indicate vour ethnicity (select al that apply)
U  AsiainAriieiioaftoroiw East Asiam

Q Wmdk o f African .toerissm

□  Man* Pakitfci*̂  of •afttatr S**i8h Asian

LatifyuWx or HUpanio

Naito* American or Alaska Native

Native Hwwmm or Pacific Islander

(J l/ickie Eastern or Novtfi MHewi

Q  WNt», Caucasian, or oBstr European


