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Abstract

We developed a game-based assessment (GBA) measuring cognitive ability for use in
personnel selection and examined its construct-related validity. Moreover, applicant
reactions toward this GBA were compared with a paper-pencil-based ability test.
Both assessment tools were designed to measure verbal, numerical, and figural
ability. N = 183 participants completed the GBA, the paper-pencil test, and questions
capturing applicant reactions and personality. We found a strong positive correlation
of 0.51 between the overall GBA and paper-pencil test scores, showing evidence for
its construct-related validity. Applicant reactions toward the GBA were consistently
worse compared with the paper-pencil test. Furthermore, males and individuals with
more video game experience held more positive perceptions than females and

individuals with less video game experience.

KEYWORDS
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Practitioner points

e Game-based assessment (GBA) is an innovative field of personnel selection that is
increasingly used in practice, although empirical evidence on psychometric
properties of GBAs and on applicant reactions is still scarce to date.

e The present study found a strong correlation between the GBA and a traditional
intelligence test, indicating that a GBA can provide a valid measurement of
cognitive ability in the context of personnel selection.

e Applicant reactions toward the GBA were consistently worse compared with a
paper-pencil test measuring the same cognitive abilities.

e Applicant reactions differed between males and females, suggesting that further
research is needed to investigate relevant design elements of GBAs affecting their

psychometric properties and applicant reactions.
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1 | INTRODUCTION

Increasing digitalization in selection and assessment has led to far-
reaching changes in the personnel selection processes of organiza-
tions in recent years (Ryan & Derous, 2019). In line with this, an
innovative field that has recently received considerable attention in
the domain of personnel selection is game-based assessment (GBA,
Landers & Sanchez, 2022).

It has been argued that GBAs offer manifold applications in the
selection process, as GBAs may serve to measure a variety of
different constructs depending on their content and specific design,
and that even the simultaneous measurement of multiple relevant
characteristics within one GBA may be possible (Bhatia &
Ryan, 2018). However, GBAs in general can take on very different
appearances and may differ considerably in their content and design
(Bhatia & Ryan, 2018). For instance, GBAs can vary in length, ranging
from a few minutes to several hours. In addition, a variety of game
genres (e.g., action, adventure, strategy) and scoring methods (i.e.,
path- or outcome-based) can be used. Different multimedia styles are
also conceivable (Fetzer et al., 2017). Accordingly, GBAs cannot be
perceived as a single entity, which means evidence concerning the
validity of one GBA cannot be generalized to other GBAs.

In recent years, GBAs have become increasingly popular in
applied settings. This may especially be due to the numerous
advantages postulated by proponents of this game-based
method. For example, it is often claimed that GBAs should
positively influence applicant reactions as well as enjoyment
during test taking and thereby improve the recruiting function of
selection instruments compared with more traditional methods
(Bhatia & Ryan, 2018; Weidner & Short, 2019). Particularly,
considering the war for talent (Chambers et al., 1998), applicant
reactions are becoming increasingly important when it comes to
attracting top talent to work for one's organization. Thus, the
hoped-for positive impact of GBAs on applicant reactions might
help organization to succeed in the competition for top talent.
Another potential advantage of GBAs that is often mentioned in
literature, is that they may be less susceptible to socially desirable
response behavior, faking, and biasing influences of test anxiety
on test performance, as the actual purpose of the assessment
should be less obvious (Bhatia & Ryan, 2018; Weidner &
Short, 2019).

Despite the increasing use of GBAs in practice, empirical
evidence concerning their validity as well as support for their
suggested advantages is still scarce to date, as was revealed in a
recent review of the relevant literature (Ramos-Villagrasa et al., 2022).
For example, only limited research exists on the validity of GBAs
measuring cognitive abilities, even though many GBAs are designed
to measure such abilities (Woods et al., 2020; but see Landers
et al., 2022, for a valuable exception). Therefore, further research is
needed to investigate the psychometric properties of GBAs. The
accumulation of evidence from different GBAs might also allow us to
understand whether different game genres or certain design

elements influence the validity of GBAs. This is important because,

given the large differences between different GBAs, it is unclear to
which degree results of one GBA can be generalized to another.
Thus, as the empirical knowledge about GBAs (as described in
detail below) is limited and given that results from one GBA cannot
simply be generalized to another GBA, the first goal of the present
study was to develop and construct validate a GBA from the
adventure genre targeting cognitive ability for use in personnel
selection. Specifically, the validity of the GBA was investigated by
considering its correlation with a traditional paper-pencil cognitive
ability test which aims to measure the same abilities. We focused on
cognitive ability because especially the use of GBAs that measure
cognitive ability offers promising opportunities as cognitive ability is
among the best predictors of job performance (Sackett et al., 2022;
Schmidt & Hunter, 1998). In addition, traditional ability tests are less
accepted by applicants compared with other personnel selection
tools (Anderson et al., 2010). Therefore, the second goal was to
evaluate whether applicant reactions toward the cognitive GBA were
more positive than those to a traditional paper-pencil test measuring
the same abilities. Furthermore, the measurement of cognitive ability
may be impaired, for example, by applicants' test anxiety, which
introduces measurement error (McCarthy & Goffin, 2005). Therefore,
we also compared test takers' anxiety in the GBA versus the paper-
pencil test. Taken together, the results of the current study aim to
further researchers' and organizations' understanding of potential

advantages and disadvantages of GBAs.

2 | PREVIOUS RESEARCH ON GAME-
RELATED ASSESSMENTS REGARDING
VALIDITY AND APPLICANT REACTIONS

Game-related assessments (GRAs), which incorporate GBA, gamifica-
tion, and gamefully designed assessment (GDA) have already
received some attention in selection and assessment research for a
longer time (e.g., Kleinmann & StrauB, 1998), but the steady increase
in associated empirical research mainly started in the last decade,
leading to several studies in this area (see the review by Ramos-
Villagrasa et al., 2022). GBA refers to games that are used as stand-
alone instruments to measure the constructs of interest (Bhatia &
Ryan, 2018; Chamorro-Premuzic et al., 2016; Fetzer et al., 2017). In
contrast, gamification describes the introduction of game elements
into existing diagnostic instruments, and gameful design refers to the
use of game elements to develop an entirely new selection
instrument (Landers & Sanchez, 2022). Therefore, gamification and
GDA can also be used in procedures that are not games (Deterding
et al., 2011; Landers & Sanchez, 2022). Thus, the crucial distinction
between gamification and GDA on the one hand, and GBA on the
other hand, is that the former are (re)design strategies, whereas GBA
represents an assessment method (Landers & Sanchez, 2022).

As described below, the few available studies on GRAs yielded
several promising findings so far (e.g., Georgiou et al., 2019;
McChesney, et al., 2022). For instance, Georgiou et al. (2019) found
moderate support for the construct-related validity of their gamefully
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designed version of a traditional situational judgement test (SJT)
called Owiwi that was designed to assess applicants' soft skills. In a
follow-up study, they also found several significant correlations
between scores from Owiwi and self-reported job and academic
performance (Nikolaou et al, 2019). Additionally, the gamefully
designed SJT was superior to the text-based SJT version in terms of
various applicant reactions, except for job-relatedness (Georgiou &
Nikolaou, 2020; Georgiou, 2021; Gkorezis et al., 2020). Choosing a
different gameful design approach, Barends et al. (2019) used virtual
behavior cues in a GDA to measure Honesty-Humility. They found
modest support for the construct-related validity of their GDA with
Honesty-Humility scores from a traditional HEXACO personality test.
However, in contrast to common expectations, the GDA was not less
susceptible to faking.

A few studies investigated the effects of introducing game-
elements such as storification (i.e., converting an existing selection
instrument into a story; Landers & Collmus, 2022) and game-framing
(i.e., framing an assessment test as a game; Collmus & Landers, 2019;
McChesney et al., 2022) on the validity and applicant reactions
compared with more traditional instruments. However, these studies
found only mixed support for the introduction of various game-
design elements. Given the mixed results in this area, further research
is needed to better understand the impact of different gamification
and game-design techniques on psychometric properties and appli-
cant reactions (Landers & Sanchez, 2022).

While—as described above—some studies have already
examined the impact of gamification and GBAs on applicant
reactions (see Ramos-Villagrasa et al., 2022, for a review), current
empirical evidence on the psychometric properties of GBAs
(especially GBAs to assess cognitive ability) is far more limited in
the personnel selection and assessment context. In one of the
first studies to address this issue, Landers et al. (2022) reported
evidence to support the construct- and criterion-related validity
of a theory-driven GBA called Cognify. This GBA consists of
seven separate web-based mini-games designed to assess
applicants' cognitive ability. Furthermore, applicant reactions to
Cognify were more positive than to a traditional cognitive ability
test battery. Nevertheless, as stated repeatedly, further research
validating GBAs in general and for cognitive ability in particular is
needed for drawing solid conclusions about the psychometric
properties of GBAs (see Bhatia & Ryan, 2018; Ramos-Villagrasa
et al., 2022; Woods et al., 2020). More specifically, more research
is needed on the construct- and criterion-related validity of other
GBAs that are from different genres and that use different design
elements, as this would allow for the development of a better
understanding of aspects that contribute to improve psychomet-
ric properties of GBAs (Ramos-Villagrasa et al., 2022). Further-
more, given the large differences between different GBAs, we
cannot simply generalize the results of existing studies, such as
those from Landers et al. (2022), to other different GBAs. In
addition, as pointed out in the review by Ramos-Villagrasa et al.

(2022), further research examining GBAs in working samples is
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needed, as most of the few available studies so far used student

samples.

2.1 | Relationship between video game
performance and cognitive ability

Though empirical evidence on the use of video games or computer
simulations to measure cognitive ability in a personnel selection
context is scarce (Woods et al., 2020), there are a number of studies
examining the relationship between performance in commercial
video games and cognitive ability (see Quiroga & Colom, 2020, for
a detailed overview). Several studies found moderate to high
correlations between performance in such commercial video games
and cognitive ability (e.g., Baniqued et al., 2013; McPherson &
Burns, 2007; Quiroga et al., 2019). For instance, Angeles Quiroga
et al. (2015) investigated to what extent so-called brain games (i.e.,
games that also serve a learning purpose and not just entertainment)
are an appropriate measure of cognitive ability. They found a high
correlation of r=.93 between latent video game performance and
intelligence. In a follow-up study, Quiroga et al. (2019) tested
whether nonbrain games (i.e., games that serve only entertainment
purposes) are also suitable for assessing intelligence. Using a video
game battery consisting of 10 games of different genres for Wii-U
and iPad, they found that performance in nonbrain games was also
associated with intelligence and found a correlation of r=.79
between latent video game performance and cognitive ability.

The aforementioned results, as well as initial validation studies of
GBAs assessing cognitive ability in the personnel selection context
(e.g., Landers et al., 2022), undoubtedly provide impetus to consider
video games as a tool for measuring cognitive ability in the context of

personnel selection and assessment (Quiroga & Colom, 2020).

3 | DEVELOPMENT OF A GBA TO
MEASURE COGNITIVE ABILITY

The development of the GBA used in the present study to measure
cognitive ability was based on the Cattell-Horn-Carroll (CHC) model
(McGrew, 2009). In particular, we focused on fluid intelligence when
designing the various tasks within the GBA, because, among the
different second-stratum abilities of the CHC model, fluid intelligence
shows the strongest correlations with the overarching general
intelligence factor (Wilhelm & Schroeders, 2019). As fluid intelligence
is differentiated into three Stratum | abilities—sequential reasoning
(verbal), induction (numerical), and inductive reasoning (figural)—the
items and game elements were chosen to test abilities in these three
domains. Furthermore, the game elements and the specific design of
the GBA were selected based on the existing literature on
gamification to develop an entertaining and diagnostically feasible
instrument (e.g., Bedwell et al.,, 2012; Fetzer et al.,, 2017; Landers
et al., 2018).
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As pointed out by Landers et al. (2018) in their gamification
framework, game elements (e.g., storylines or sounds) can
influence the desired outcomes of gamification, such as, in our
case, a psychometrically valid measurement of cognitive ability.
Hence, we paid attention to the theory-driven choice of
appropriate game elements. Accordingly, based on aspects
suggested by Fetzer et al. (2017), which need to be addressed
when developing a GBA for selection purposes, the present GBA
was designed considering the following gamification design
principles: Target group, length, genre, multimedia style, scoring,
linear versus nonlinear gameplay, branding, and candidate feed-
back. For example, regarding the target group, we tried to ensure
that the game design did not unfairly advantage or disadvantage
certain applicant groups, as our GBA should be suitable for all
potential applicants. Drawing on prior research, the GBA used in
the present study was developed to avoid potential subgroup bias
by focusing on the following criteria: Moderate complexity,
different item groups (i.e., low consistency between different
items or modules), and ensuring that there is no need to transfer
between tasks, but rather that the individual tasks are indepen-
dent of one another (Quiroga et al., 2009, 2011).

The GBA used in the current study was developed in cooperation
with a company that is specialized in the field of e-sports and gaming.
More precisely, the development process started with the implemen-
tation of the game environment in Minecraft and the conceptualiza-
tion and programming of the storyline. According to this storyline,
participants were instructed to release a cursed country by finding a
crystal hidden at the top of a multilevel tower. After the development
environment had been created, the individual problem-solving items
were implemented into the game. The different items were
developed by subject matter experts (i.e., psychologists) who used
established cognitive ability measures as a starting point (e.g.,
Liepmann et al., 2007, 2012).

In contrast to Landers et al. (2022), who used a GBA from the
mini-game genre to measure quantitative knowledge, reading and
writing, fluid reasoning, and processing speed, we developed a GBA
from the adventure genre, designed to measure verbal, numerical,
and figural ability. Accordingly, our GBA differs fundamentally from
that of Landers et al. (2022) in terms of the targeted cognitive
abilities as well as the design of the GBA.

3.1 | Construct-related validity

To meet the requirements of a construct-valid personnel selection
instrument, GBA performance should correlate positively with a
traditional intelligence test measure that captures the same Stratum I
ability as our GBA (i.e., fluid intelligence). Accordingly, we pre-
dict that:

Hypothesis 1: There will be a large positive correlation
between GBA performance and cognitive ability measured by
a traditional cognitive ability test.

Wau et al. (2022) pointed out that GBAs may capture unintended
constructs instead of, or in addition to, those they intend to assess.
More precisely, in their study, Wu et al. found that a GBA intending
to measure consciousness captured cognitive ability instead. How-
ever, if our GBA is in fact a good measure of cognitive ability, then it
should not correlate, or correlate only slightly, with tests intended to
measure other constructs such as personality traits. Thus, drawing on
the finding and the warning given by Wu et al., we wanted to ensure
that performance in our GBA would not inadvertently be driven by
unintended constructs such as test takers' personality, as personality
traits, such as the Big Five, typically only show low correlations with
scores in traditional cognitive ability tests (Beauducel et al., 2007;
Liepmann et al., 2012; Schilling et al., 2020). Therefore, we also
explored correlations between GBA performance and the Big Five

and attempted to answer the following research question:

Research Question 1: How strongly does GBA performance
correlate with the Big Five personality factors?

Our expectation was that the correlations of GBA
performance with the Big Five would at least be significantly
lower than the correlation of GBA performance with the
traditional cognitive ability test, as our GBA indented to
measure cognitive ability. Furthermore, we assumed that the
correlations between GBA performance and the Big Five would
all be relatively small as research indicated that cognitive ability
only slightly correlates with personality (Beauducel et al., 2007;
Liepmann et al., 2012; Schilling et al., 2020). Thus, this would
represent additional evidence for the construct-related validity of
the GBA.

3.2 | Applicant reactions toward GBAs

In recent years, owing to the war for talent, more and more attention
is being paid not only to the validity of selection instruments, but also
to applicant reactions. This is because organizations benefit relatively
little if their selection process is valid but is not well accepted by
applicants. In fact, applicants may reject a potential job offer if they
perceive a selection tool as unfair or if they make other negative
experiences during the application process (Hausknecht et al., 2004).
Additionally, applicant perceptions might also impact applicants' test
motivation, which is an antecedent for test performance (Hausknecht
et al., 2004; Sanchez et al., 2000; Truxillo et al., 2009). Accordingly, it
is important to consider applicant reactions when developing a novel
selection instrument. Therefore, another goal of the present study
was to investigate different applicant reaction variables toward our
GBA, as empirical evidence in this area is also relatively limited to
date (Woods et al., 2020). Several reviews and chapters on
gamification and GBAs postulated that one of the main advantages
of GRAs is their positive influence on applicants' reactions (see Bhatia
& Ryan, 2018; Fetzer et al., 2017, and Landers et al., 2018, for
detailed overviews). Accordingly, as described above, several prior

studies in this area indicated that gamified assessments and GDAs
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may lead to more positive applicant reactions compared with their
traditional counterparts (e.g., Georgiou & Nikolaou, 2020; Gkorezis
et al., 2020; Hommel et al., 2022; but also see Ohlms et al., 2023, or
Georgiou, 2021). However, further research is needed, especially on
GBAs assessing cognitive ability, to draw sound conclusions on
whether and under what circumstances cognitive GBAs are better
accepted by test takers than traditional ability tests. Therefore, it is
also important to test whether certain individual characteristics (e.g.,
age, video game experience) may be positively or negatively related
to applicant reaction variables. This would allow us to draw
conclusions for which groups of potential applicants the use of GBAs
may have a particularly positive effect (Ramos-Villagrasa et al., 2022).
In addition, if applicant reactions to the present GBA differ from
reactions to previous GBAs, this could be a starting point for future
research on the effects of specific design elements (e.g., game genre,
avatars, levels). This in turn might contribute to practitioners getting a
better idea of which design elements they might want to use when
developing a GBA and which should rather be left untouched
(Ramos-Villagrasa et al., 2022).

Gilliland's (1993) fairness model is the most influential model in
the field of applicant reactions (McCarthy et al., 2017). Among other
things, this model postulates 10 rules of procedural fairness that are
supposed to influence the perceived fairness of the selection process
among applicants. Empirically, procedural fairness is substantially
positively correlated with applicants' behavioral intentions (e.g., the
intention to accept a job offer) and attitudes toward the organization
(Hausknecht et al., 2004).

Based on the above-mentioned empirical findings and Gilliland's
(1993) fairness model, there are several aspects of GBAs that may
offer a promising opportunity to positively influence applicants'
reactions (Fetzer et al., 2017; Woods et al., 2020): The interactive
nature of video games grants users a degree of autonomy in
completing them. For example, there might be a possibility to move
freely in the environment within a GBA using the corresponding
control functions of the respective game or to freely determine the
order in which tasks are completed. In contrast, this is hardly feasible
using traditional general mental ability (GMA) or personality tests.
Related to this, it has also been argued that the increased degree of
flexibility in completing a GBA compared with a traditional test
should result in a higher perceived opportunity to perform (Landers
et al., 2022), which is an important aspect of procedural fairness
according to Gilliand's (1993) fairness model. Furthermore, meta-
analytic results indicate that the perceived opportunity to perform is
strongly related to procedural fairness as well as to other fairness
aspects such as face validity and perceived predictive validity, and
with various outcomes such as organizational attractiveness, recom-
mendation intentions, and job offer acceptance intentions
(Hausknecht et al., 2004).

In the context of GBAs, Ellison et al. (2020) found that different
aspects of procedural fairness rules were positively associated with
the perceived overall fairness of the selection process which, in turn,
correlated positively with the willingness to recommend the

organization to others. Additionally, Landers et al. (2022) found that
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their GBA was perceived more positively in terms of procedural
fairness, distributive fairness, job relatedness, and test propriety
compared with a paper-pencil test. Furthermore, al-Qallawi and
Raghavan (2022) examined user reviews and comments from 10 GBA
applications on two mobile distribution platforms. Generally, they
found many positive evaluations from applicants, who particularly
perceived GBAs as innovative. Nevertheless, there was also a
substantial number of negative comments (often related to technical
issues) concerning aspects that might impair applicant reactions.
Another potential advantage of GBAs is that the actual
assessment of applicants' knowledge, skills, abilities, and other
characteristics might be less transparent by being directly embedded
in the game environment (Shute & Ventura, 2013). Thus, assessing
cognitive ability through a GBA rather than a paper-pencil test might
offer the opportunity to reduce test anxiety, as the salience of the
test situation might be lower for applicants (Bhatia & Ryan, 2018). In
the context of personnel selection, reductions in test anxiety might
be relevant as meta-analytic evidence shows that anxiety is
associated with lower levels of test motivation and test attitudes
(Hausknecht et al., 2004). These, in turn, directly affect procedural
fairness perceptions, job offer acceptance intentions, and recom-
mendation intentions (Hausknecht et al., 2004). In line with this
potential advantage of GBAs, several studies from the educational
context found that GBAs reduced test anxiety compared with
traditional exams (e.g., Mavridis & Tsiatsos, 2017; Smits &
Charlier, 2011). Furthermore, an initial study examining the use of a
GBA to measure cognitive ability in the personnel selection and
assessment context also indicated lower levels of test anxiety
compared with a traditional intelligence test (Landers et al., 2022).
Taken together, the theoretical arguments based on Gilliand's
justice model (1993) and the empirical evidence reviewed above lead

to the following hypothesis:

Hypothesis 2: Applicants' reactions are more positive for
the GBA than for a traditional cognitive ability test.

4 | METHOD

41 | Sample
We conducted an a priori power analysis to determine the required
sample size to test our hypotheses with a power of 0.80. The analysis
for Hypothesis 1, which predicted a large correlation (i.e., r=.50
according to common standards; cf. Cohen, 1988), revealed a
required sample size of N =26 for a two-tailed bivariate correlation.
Additionally, for the power analysis related to Hypothesis 2, we
assumed an effect size of d =.25 on the basis of Landers et al. (2022).
This analysis revealed a sample size of N = 128 for two-tailed paired
sample t-tests as well as for the within-group main effect in 2x 2
mixed analysis of variance (ANOVAs).

We tested a sample of working individuals that initially
consisted of 202 Bachelor graduates of the Police Academy of
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Lower Saxony in Germany who voluntarily participated in this
issues with the GBA

scores from only 158 participants were available for the GBA.

study. Due to technical server,
This N is larger than the required sample size found in our power
analyses. In addition, no scores for the paper-pencil test were
available from one participant, as they did not hand in their
answer sheet. Furthermore, data on applicant reactions to the
GBA was available from 175 participants and for applicant
reactions to the paper-pencil test from 188 participants. Data
on personality, video game experience, and demographic vari-
ables were available from 193 participants. This was because
some participants did not answer the questionnaires, or their data
had to be removed from the data set as careless responding to the
guestionnaires had to be assumed due to their short completion
time (i.e., duration <180s for the applicant reactions question-
naires and <270s for the questionnaire measuring personality,
video game experience, and demographic variables). Since the
results of the GBA and the paper-pencil test as well as
participants' personality scores were relevant for the hypothesis
and research question on validity, only data from participants
with no missing values concerning these variables were used for
the corresponding analyses. Moreover, analyses testing Hypoth-
esis 2 were based solely on data from participants with complete
data from all three questionnaires (n = 156). The total number of
participants, whose data could be used for the analyses, consisted
of N=183.

Within the sample, age ranged from 20 to 34 with a mean of
22.83 years (SD =2.43), and 43.7% of the participants were female
and 56.3% were male. All participants had a Bachelor's (97.8%) or a
master's degree (2.2%). The majority did not play video games on a
weekly basis (54.6%).

4.2 | Procedure

Before the main data collection, we conducted a small pilot study
with nine participants to examine clarity of the instructions, difficulty
of the test, and applicant reactions. The results of the pilot study
showed a high variability in the GBA and paper-pencil test scores,
implying an appropriate level of difficulty.

In the main study, participants' informed consent was obtained
first. Then they were instructed to imagine having applied for their
current position once again and that they were now invited to an
approximately 90-min recruitment event at the organization as part
of the selection process.

Participants completed the GBA and, directly afterward, an-
swered an online questionnaire that assessed their reactions
regarding the GBA. Similarly, after they had taken the paper-pencil
GMA test, participants completed a questionnaire assessing their
reactions to it. Finally, information on participants' personality and
demographic data was collected. To control for possible order
effects, participants randomly completed the GBA or the paper-
pencil test first.

4.3 | Measures

431 | Game-based assessment

As mentioned above, the GBA was implemented in the development
environment of Minecraft (an excerpt of the GBA can be found at
https://osf.io/qvw4z/?view_only=d0a1d22208184dad81223edef44
03212). At the beginning of the GBA, participants received an
explanation of the control buttons (they had to use the arrow keys,
mouse, and spacebar to navigate in the GBA) and were informed
about the cover story in which the assessment was embedded.
Specifically, participants were instructed that they had to release a
country from a curse by finding a crystal hidden on top of a
multistory tower. Inside this tower, 36 items had to be completed to
finish the game. These items aimed to assess cognitive ability by
targeting the second-stratum ability fluid intelligence. They were
chosen to reflect sequential, quantitative, and inductive reasoning.
Specifically, the game contained 12 items each for verbal, numerical,
and figural intelligence, which together formed the total cognitive
ability score. Kuder-Richardson (KR-)20 across all 36 items of the
GBA was a =.58.

Once the participants had completed all the items, they reached
the top of the tower. There they found the crystal to free the country
from the curse and to successfully complete the GBA. Regardless of
how many items were solved correctly, participants reached the top
of the tower when they had completed all items. The overall GBA
score was determined by the number of correctly solved items. One
point was awarded for each correctly solved item, meaning GBA
scores could range between 0 and 36.

Concerning the specific items, several boards were placed on the
walls of the first and second floors of the tower with numerical items
(for an example item see Figure 1a). On each of these boards, number
sequences were displayed, and participants had to find the subse-
quent number in the series of numbers. There was a time limit of
6 min for solving the number sequences on the first floor of the
tower (six items) and 4 min and 45 s for the corresponding items on
the second floor (six items). More time was allowed on the first floor
to give participants the opportunity to familiarize themselves with the
controls. KR-20 for the numerical items was « = .63. Participants gave
the answer to an item by clicking on a corresponding button, which
was located on the wall.

On the next two floors of the tower, verbal ability was targeted
(for an example item see Figure 1b). Again, several boards were
attached to the walls, each presenting three words and five answer
options. There was always a specific relationship between the first
two words, and participants had to select the option that had a similar
association with the third word as the first two words had with each
other (e.g., “taste and tongue are related to each other like smell is
related to a. stink, b. nose, c. fragrance, d. breath"). At each of the two
floors (six items each), 3 min and 30 s were given for completion. KR-
20 for this subscale was 0.20.

Finally, to measure figural ability, different matrices items were

designed, located on two floors of the tower (for an example item see
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FIGURE 1 Example items for the three different item groups within the GBA. (a) Example item for measuring numerical intelligence. (b)
Example item for measuring verbal intelligence. (c) Example item for measuring figural intelligence. GBA, game-based assessment.

Figure 1c). Within each item, three figures were presented following
a certain pattern as well as five answer options. For the figural items,
4min and 45s were allowed per floor (six items each). KR-20
was 0.40.

In addition to the GMA items, the GBA also included two mini-
games that did not affect the overall GMA score. The goal of
integrating these two mini-games was to increase the fun and
entertainment value of the GBA for the test takers. In the first mini-
game, chickens, each of which appeared only briefly, had to be hit
with snowballs by clicking on them with the mouse. In the second
mini-game, test takers had to try to cross a room by jumping from
one block to another (pressing the space bar to jump) without falling
off of a block and onto the floor.

Only the number of correctly solved items counted toward the
total score in the GBA, but no further behavior of participants within
the GBA did (e.g., performance in the mini-games, time spent in a
specific level, walking around the tower). The participants were free
to choose the order in which they solved the items on one specific

level.

4.3.2 | Paper-pencil cognitive ability test

The Intelligence-Structure-Test Screening (IST Screening; Liepmann
et al., 2012) was used as the paper-pencil GMA test. This test is
commonly used in Germany and consists of three groups, containing
20 items each, assessing verbal (i.e., analogies), numerical (i.e.,
number sequences), and figural ability (i.e., matrices). This test

measures the same three Stratum | abilities of the CHC model as
our GBA. Thus, the three task domains targeted in the IST Screening
were chosen to best reflect the three key item categories intended to
be measured by the GBA. The three subscales of the IST Screening
can be combined to form an overall deductive reasoning score (KR-
20=0.69).

433 | Personality

The Big Five were measured using the German version of the NEO-
FFI (Borkenau & Ostendorf, 2008), which contains 10 items for each
trait. A 5-point rating scale ranging from 1 =strongly disagree to
5 = strongly agree was used for these and the subsequent variables.
Cronbach's a for the five scales ranged from .77 (agreeableness) to
.85 (conscientiousness).

434 | Applicant reactions

Applicant reactions were obtained for the GBA and the paper-pencil
test. Our goal was to collect a broad range of different applicant
reaction variables to comprehensively capture reactions to the GBA
and the paper-pencil test. Thus, based on a comprehensive literature
review, we selected seven applicant reaction variables. The only
modifications made to the scales were to ask either about the “test”
or the “computer game”. For the current study, scales for which no
German version was available were translated into German and
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checked with back-translation (see Table 2 for reliabilities of the
different scales).

We used adapted items from Oostrom et al. (2013) that
originally stem from Smither et al. (1993) to measure perceived face
validity (three items, e.g., “The actual content of the computer
game/test is related to the tasks of my job"”) and perceived
predictive validity (three items, e.g., “The employer can tell a lot
about the applicant's ability to do the job based on the results of the
test”). Furthermore, two subscales from the German translation by
Manzey and Gurk (2005) of the Selection Procedural Justice Scale
(SPJS; Bauer et al. (2001), were used to measure perceived
opportunity to perform (four items, e.g., “I could really show my
skills and abilities through this computer game/test”), and overall
procedural fairness (three items, e.g., “Overall, the method used was
fair”). In addition to perceptions of the GBA and the test,
organizational attractiveness was measured using the 5-item
general attractiveness subscale (e.g., “For me, this company would
be a good place to work”) from the organizational attractiveness
scale from Highhouse et al. (2003) and behavioral intentions were
measured with four items from the pursuit intentions subscale (e.g.,
“I would accept a job offer from this company”) from the same
instrument. For both, the German translation from Basch et al.
(2022) were used. Finally, test anxiety was measured using an
adapted 6-item scale (e.g., “I usually get very anxious about taking
tests”) from Arvey et al. (1990) that was also previously used in
other studies (e.g., Landers et al., 2022).

4.3.5 | Other variables

Experience with video games was measured using the 6-item
scale from Bourgonjon et al. (2010; e.g., “I often play video
games”). In addition, participants were asked about their video
game habits by indicating how many hours per week they play
video games in general and Minecraft specifically. Furthermore,
demographic variables such as age, sex, and highest educational

degree were assessed.

5 | RESULTS

5.1 | Preliminary analysis

Due to the considerable number of participants with missing data
from the GBA, the paper-pencil test, and/or the other questionnaires,
analyses were conducted to investigate whether these participants
differed from those without missing data. To do so, we tested
whether participants, who had no GBA scores due to technical
problems, differed from those with scores on various variables (i.e.,
conscientiousness, age, sex). In addition, we examined whether
participants, who were excluded because of a too-short completion
time or who denied answering the questionnaires or the cognitive

ability test, differed from the other participants. For both groups (i.e.,

missingness due to technical problems or too short response time and
refusal to answer), no differences were found for conscientiousness,
age, GBA scores, and IST Screening scores (all ts < 1.51, all ps = .13) or
sex (all x?s < 2.19, all ps 2.14).

Means, standard deviations, and correlations for the most
relevant study variables are shown in Table 1. Unexpectedly, sex
correlated with the overall GBA (r=-0.31, p<.001) and IST score
(r=-0.30, p<.001) with males scoring higher than females. In
addition, video game experience correlated positively with the overall
GBA (r=.33, p<.001) and IST test scores (r=.29, p <.001).

5.2 | Tests of hypotheses

5.2.1 | Construct-related validity of the GBA
First, we examined correlations between the GBA and the IST.
Evidence of convergence between the GBA and the IST would
provide empirical support for the construct-related validity of the
GBA (Hypothesis 1). To do so, Pearson product-moment correla-
tions were calculated between overall performance on the GBA
and the IST Screening, as well as between the three specific fluid
abilities (i.e., verbal, numerical, and figural reasoning; see Table 1).
Results indicated a strong positive correlation between the
overall GBA and paper-pencil test scores of r=.51, p<.001.
Similarly, the corresponding Stratum | abilities correlated posi-
tively with each other. Thus, for numerical and figural ability,
medium-sized positive correlations of r=.35 and .36, both
ps <.001, were found between the GBA and the IST Screening,
and the verbal subscales of the two instruments correlated with
r=.18, p =.03. Furthermore, the numerical and figural subscales
of the GBA showed the strongest correlations with the corre-
sponding IST Screening subscales. Given the strong positive
correlation between the overall GBA and paper-pencil test score,
Hypothesis 1 was supported for the overall GBA score but not for
the three subtests, as there were only show small to medium-
sized correlations between the IST and GBA subscales.
Additionally, to check whether our GBA was unintendedly
measuring personality (see Wu et al., 2022), we tested whether
GBA performance correlated with the Big Five (Research
Question 1). We found that the Big Five neither correlated with
the overall GBA score, nor with the overall IST Screening score
(all rs<.16, see Table 1). Next, we compared the correlation
between GBA and paper-pencil test performance statistically
with the correlations of GBA performance with the individual Big
Five scores. Therefore, a series of one-tailed Steiger's (1980)
tests for dependent groups with a common third variable were
conducted using the online tool from Hemmerich (2017). The
results consistently showed that the correlation between the
GBA and the IST Screening scores was significantly higher than
between the GBA score and agreeableness, conscientiousness,
extraversion, neuroticism, and openness to experience, all zs >

3.86, all ps<.001. Thus, addressing Research Question 1, our
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personality.
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| Applicant reactions toward the GBA

To test Hypothesis 2, which predicted that applicants' perceptions would
be more positive for the GBA than for the traditional cognitive ability test,
various paired-samples t-tests were conducted to compare perceptions of
the GBA and the IST Screening. Results indicated an opposite pattern
than that predicted by Hypothesis 2. Thus, all applicant reaction variables
were rated significantly more favorably for the paper-pencil test (see
Table 2). According to common standards (Cohen, 1988), these effects
were small to moderate for face validity, predictive validity, opportunity
to perform, organizational attractiveness, behavioral intentions toward the
organization, and test anxiety, but large for general procedural fairness.

Altogether, Hypothesis 2 was clearly rejected.

53 |

Further exploratory analyses

Additionally, we explored whether sex or video game experience were
related to reactions toward the GBA and the paper-pencil test. To do so, a
series of 2 x 2 mixed ANOVAs were conducted. The selection instrument
(GBA vs. paper-pencil test) was entered as a within-subjects variable, and
either sex or video game experience was used as a between-subjects
variable. Before the analyses, video game experience (rated on a 5-point
scale from 1 to 5) was dichotomized by using a median split. With a
sample size of N = 156, we had a power of 0.99 to detect a medium-sized
within-between interaction in these ANOVAs and a power of 0.70 to
detect a small within-between interaction.

In the two ANOVAs, main effects of the selection instrument
were still found for all applicant reaction variables, with higher ratings
for the paper-pencil test than for the GBA (see Tables 3 and 4). For
sex, there was a significant main effect for face validity, general

procedural fairness, opportunity to perform, behavioral intentions,

TABLE 2 Reactions toward the GBA compared with the paper-pencil cognitive ability test.
GBA Paper-pencil test 95% Cl for d

Variable a M SD a M SD t(155) p d LL UL
Face validity 73 1.89 0.78 .80 2.18 0.83 -4.16 <0.001 -0.33 -0.49 -0.17
Predictive validity 77 1.85 0.70 76 2.13 0.73 -4.86 <0.001 -0.39 -0.55 -0.23
General procedural fairness 77 2.53 0.91 .79 3.42 0.84 -11.46 <0.001 -0.92 -1.10 -0.73
Opportunity to perform .78 1.99 0.84 91 2.66 0.96 -8.41 <0.001 -0.67 -0.85 -0.50
Organizational attractiveness 91 3.20 1.09 .87 3.82 0.80 -6.95 <0.001 -0.56 -0.72 -0.39
Behavioral intentions 91 3.38 1.08 .87 3.99 0.80 -6.95 <0.001 -0.56 -0.72 -0.39
Test anxiety 73 2.57 0.71 76 221 0.66 5.70 <0.001 0.46 0.29 0.62

Note: N = 156. t-Tests and Cohen's d are calculated for paired comparisons. Positive ts and ds indicate larger scores for the GBA.

Abbreviations: GBA, game-based assessment; LL, lower limit; UL, upper limit.

TABLE 3 Results of two-way mixed ANOVAs for applicant reactions as dependent variables and sex as between-subject variable.

GBA Paper-pencil test ANOVA
Males Females Males Females Sex Selection instrument Interaction

Dependent variable M sb M SO M SD M SD F(1,154) n%  F(1,154) n’,  F(1,154) n?,
Face validity 202 085 180 072 235 083 206 081 5.46* 0.03 17.49** 0.10 0.26 <0.01
Predictive validity 198 073 176 0.66 217 071 211 0.76 1.99 0.01 20.97** 0.12 1.88 0.01
Gen. proced. fairness 278 086 236 090 354 072 333 091 7.48**  0.05 123.21* 0.44 1.90 0.01
Opportunity to perform 231 085 177 076 279 085 257 1.03 10.28* 0.06 64.57** 0.30 4.10* 0.03
Organ. attractiveness 345 107 3.03 101 381 0.71 383 086 2.51 0.02 42.98** 0.22 5.99* 0.04
Behavioral intentions 372 092 314 112 400 073 399 085 5.80* 0.04 42.44* 022 11.01* 0.07
Test anxiety 228 062 278 0.69 205 059 232 0.69 20.40* 0.12 28.75** 0.16 3.19 0.02

Note: Npale = 65; Nremale = 91. No variance homogeneity for perceptions of general fairness of the paper-pencil test and organizational attractiveness of the
GBA. A Box-Cox transformation (Box & Cox, 1964) was used to stabilize the variances, which did not change the ANOVA results in terms of significance
level, so that results could be interpreted despite missing variance homogeneity.

Abbreviations: GBA, game-based assessment; Gen. proced. fairness, general procedural fairness.

*p <.05; **p <.01.
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TABLE 4 Results of two-way mixed ANOVA for applicant reactions as dependent variables and video game experience as between-subject

variable.
GBA Paper-pencil test ANOVA
Low VG exp. HighVGexp Low VGexp. High VG exp. VG experience Selection instrument Interaction
Dependent variable M SO M SO M SD M SD  F(1,154) n?  F(1,154) n’,  F(1,154) n?
Face validity 184 073 194 083 201 0.74 233 088 3.67 0.02 16.98** 0.10 2.73 0.02
Predictive validity 176 0.69 194 070 201 0.71 225 074 4.56* 0.03  23.32* 0.13 0.19 <0.01
Gen. proced. fairness 235 087 270 091 330 088 353 0.79 6.35% 0.01 131.42* 0.46 0.60 <0.01
Opportunity to perform 1.73 0.76 223 084 251 105 280 085 11.19** 007 71.84* 0.32 0.18 0.01
Organ. attractiveness 292 112 346 101 383 087 381 0.73 437 0.03 53.00** 0.26 10.48** 0.06
Behavioral intentions 308 117 366 091 397 087 401 0.75 645*  0.04  52.72** 0.26 9.97** 0.06
Test anxiety 282 075 234 058 237 076 206 051 2259 013  33.23* 0.18 1.88 0.01

Note: NyG exp. <1.6 = 75; NvG exp. »1.6 = 81. No variance homogeneity for perceptions of general fairness and text anxiety of the paper-pencil test as well as
organizational attractiveness and test anxiety of the GBA. A Box-Cox transformation (Box & Cox, 1964) was used to stabilize the variances, which did not

change the ANOVA results in terms of significance level, so that results could be interpreted despite missing variance homogeneity. No equality of
covariances for the 2 x 2 mixed ANOVA with test anxiety toward the GBA and paper-pencil test as within-subjects factors.

Abbreviations: GBA, game-based assessment; Gen. proced. fairness, general procedural fairness; High VG exp., video game experience 21.6; Low VG exp.,

video game experience <1.6; VG experience, video game experience.
*p <.05; **p <.01.

and test anxiety, with males showing more positive reactions and
reporting less test anxiety. In addition, participants with higher video
game experience rated predictive validity, general procedural
fairness, opportunity to perform, organizational attractiveness, and
behavioral intentions more positively across both selection instru-
ments, and reported lower test anxiety. Finally, three significant
interaction effects were found between sex and the selection
These
154) =4.10, p =.046, n2p=.03, perceived organizational attractive-
ness, F(1, 154)=5.99, p=.02, n2p=.04, and behavioral intentions
toward the organization, F(1, 154)=11.01, p=.001, n2p=.07. For

these variables, differences between men and women were larger for

instrument. concerned opportunity to perform, F(1,

the GBA than for the paper-pencil test. Regarding video game
experience, two interaction effects were found for organizational
attractiveness, F(1, 154)=10.48, p =.001, n2p=.06, and behavioral
intentions, F(1, 154)=9.97, p =.002, n2p=.06. For these variables,
differences between participants with low versus high video game
experience were larger for the GBA than for the paper-pencil test.

6 | DISCUSSION

The present study makes several important contributions to the
literature. First, it responds to previous calls for further studies on
GBAs, particularly regarding their validity, as well as applicant
reactions (e.g., Ramos-Villagrasa et al., 2022; Woods et al., 2020).
Specifically, to the best of our knowledge, it is the first study that has
examined the psychometric properties (i.e., validity) of a GBA from
the adventure genre intending to measure cognitive ability for use in

personnel selection. Second, it examined whether applicant reactions

toward this GBA differed from reactions to a traditional paper-pencil
test. And third, we found evidence that the different applicant
reaction variables were related to participants' sex as well as to their
previous video game experience.

Concerning the first contribution, we examined whether a GBA
can be used for personnel selection purposes to measure applicants'
cognitive abilities if its development is theory-guided. On the one
hand, the individual items within the GBA were developed based on
CHC
(McGrew, 2009), so that performance in the GBA should converge

the contemporary intelligence model, the model
with performance in a traditional fluid intelligence test to the greatest
possible extent. On the other hand, when selecting and programming
the individual game elements, much attention was paid to the existing
literature on GBAs and gamification (e.g., Bedwell et al., 2012;
Landers et al., 2018). Importantly, we found that overall performance
on the present GBA correlated strongly with overall performance on
a paper-pencil ability test (r =.51) that intended to measure the same
cognitive abilities, but not with the Big Five personality factors. This
pattern of results suggest that GBAs can be designed in such a way
that they allow for a relatively construct valid measurement of
cognitive ability, without inadvertently measuring other unintended
constructs (i.e., personality). However, for the subtests of the GBA
and the traditional cognitive ability test, we found only moderate
correlations for numerical and figural intelligence and a small
correlation for verbal intelligence. This argues for using the overall
GBA score rather than the subtests when interpreting participants'
performance. These results are in line with previous research (e.g.,
Barends et al., 2021; Georgiou et al., 2019; Landers et al., 2022),
which demonstrated that theory-driven development of GRAs can

produce valid personnel selection instruments.
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Furthermore, our study provides valuable insights for research
and practice beyond previous research. For example, while Landers
et al. (2022) chose a similar study design to ours (i.e., developing a
GBA to measure cognitive abilities), their GBA was rather different
from the GBA used in our study. Specifically, the GBA from Landers
et al. (2022) intended to measure other specific abilities (quantitative
knowledge, reading and writing, fluid reasoning, and processing
speed) and used different mini-games that stem from the puzzle
genre, whereas we targeted fluid intelligence and used an adventure
game. Thus, the two GBAs differ considerably regarding the cognitive
abilities measured as well as their design and game genre.
Accordingly, our results provide further evidence that GBAs can be
designed in such a way that they allow for convergence with
traditional cognitive ability tests, and hence provide empirical support
for the construct-related validity of GBAs designed to measure
cognitive ability, and that this is possible across different cognitive
abilities, game genres, and designs.

Concerning our second contribution regarding applicant
reactions, an unexpected pattern of results emerged. In contrast to
the often postulated assumption that GRAs are generally associated
with more positive applicant reactions compared with traditional
instruments (e.g., Bhatia & Ryan, 2018; Woods et al., 2020), this was
not the case for the present GBA. More precisely, all reactions
toward the traditional GMA test were more favorable than those
toward the GBA with effect sizes ranging from small to large
depending on the specific dependent variable. Previous studies that
examined applicant reactions to GRAs often found more positive
reactions to GRAs compared with their traditional counterparts (e.g.,
Georgiou & Nikolaou, 2020; Gkorezis et al., 2020; Hommel
et al., 2022; Landers & Collmus, 2022; Landers et al., 2022).
However, there are a few studies that found no differences
concerning applicant reactions toward GRAs (e.g., Landers
et al., 2020), or even more negative reactions to GRAs compared
with non-gamified methods (e.g., Georgiou, 2021). Obviously, no two
GBAs are alike, but the present results clearly suggest that GBAs are
not per se perceived more positively. Instead, it seems that design
elements (e.g., game genre, multimedia-style, cover story) can
influence the appearance of gamified assessments, GDAs, and/or
GBAs and that this may also influence how they are perceived by
potential applicants (Fetzer et al., 2017).

Interestingly, our results also differed from those from Landers
et al. (2022) who found more positive reactions to their cognitive-
ability GBA. However, our GBA differed considerably from Landers
et al.'s GBA regarding the design elements and game genre used. And
even though we cannot say which differences in the game design
elements and/or in the study design contributed to these differences,
there are a few notable differences that might have played a role.
First, our GBA belongs to the adventure genre, as, within the GBA,
participants have to go on an adventure in a fictional world and are
confronted with various problem-solving tasks. Second, our GBA is
implemented in the Minecraft development environment, whereas
Cognify consists of various puzzle-like tasks. In addition to differ-

ences concerning the two GBAs, the paper-pencil tests used in the

two studies also differed considerably in their appearance. While the
IST Screening (Liepmann et al., 2012), used in the current study, has a
more modern design, the subtests used by Landers et al. (2022) tend
to look more old-fashioned (see Ekstrom et al., 1976). Thus, the
contrast between the innovative GBA and the traditional paper-
pencil test was possibly more salient in the study by Landers et al.
(2022) than it was in the present study. Unfortunately, however, it
remains unclear to what extent the specific design elements of the
GBAs and/or of the study design contributed to the different effects
concerning the applicant reaction variables. Thus, more research that
considers the potentially relevant aspects separately is necessary.

Concerning the third contribution, in line with earlier findings
(Ellison et al., 2020; Melchers & Basch, 2022), we found evidence
that participants' sex and video game experience were related to
differences between the GBA and the paper-pencil test. Even though
all participants (i.e., males vs. females and participants with high vs.
low video game experience) showed more positive reactions
toward the paper-pencil test compared with the GBA, we also found
that men rated face validity, general procedural fairness, opportunity
to perform, behavioral intentions, and test anxiety more positively
than women across both instruments. Similarly, individuals with a
larger deal of video game experience had more positive applicant
reactions than participants with little video game experience across
both instruments, except for face validity. Furthermore, significant
interaction effects were found between the selection instrument and
sex for opportunity to perform, perceived organizational attractive-
ness, and behavioral intentions toward the organization. Similarly,
there was a significant interaction effect between the selection
instrument and video game experience for perceived organizational
attractiveness and behavioral intentions toward the organization. In
all cases, differences between males versus females and between
participants with low versus high video game experience were larger
for the GBA than for the paper-pencil test; regarding reactions
toward the paper-pencil test, there were hardly any differences
between men and women or participants with high versus low video
game experience.

Taken together, the interaction effects indicate the presence of
subgroup differences in reactions to the GBA for organizational
attractiveness and behavioral intentions, whereas these differences
were absent for the traditional cognitive ability test. More specifi-
cally, women and individuals with low video game experience
perceived an organization using the present GBA as less attractive
and had more negative behavioral intentions toward such an
organization than men and individuals with high video game
experience. Hence, these findings suggest that the use of GBAs
might differentially influence applicant reactions for different groups
of applicants. Especially women and those less familiar with video
games may have more negative attitudes toward this playful method
than men and experienced video game players. However, it should
also be noted that, for both selection instruments, reactions were
relatively negative, with average scores across all reaction variables
with means of M=2.92 (SD=0.51) for the paper-pencil test and
M=2.49 (SD=0.55) for the GBA on a scale from 1 to 5. This may
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reflect that GMA tests are generally less accepted than many other

selection instruments (Anderson et al., 2010).

6.1 | Limitations and future research

Although this study provides important insights into the use of GBAs
in the context of personnel selection, it is not without limitations.
First, it should be emphasized that GBAs can take on very different
appearances depending on their specific design (e.g., different game
genres) and their purpose (e.g., assessment of personality vs.
problem-solving skills; Bhatia & Ryan, 2018; Fetzer et al., 2017).
Thus, the generalizability of the present results to other GBAs should
be treated with caution. Nevertheless, this study showed that GBAs
can be developed in such a way that they fulfill comparable
psychometric standards, at least in terms of construct-related
validity, as other more traditional instruments assessing the same
constructs (also see Landers et al., 2022), and we assume that this can
also be the case for other GBAs that incorporate relatively traditional
intelligence items in a game. However, whether this is true or not has
to be examined for each particular GBA. Furthermore, whether the
relatively skeptical applicant reactions were driven by the content of
the test items, the genre of the game, its visual design, or any other
design feature is unclear so far. Hence, further research with other
GBAs, measuring different constructs and using various design
elements, is necessary to assess the generalizability of the obtained
results and to gain more in-depth knowledge about the validity of
GBAs and applicant reactions to them. According to Lievens and
Sackett (2017) modular approach to personnel selection, rather than
considering selection procedures as single entities, one should
decompose them into their key elements and examine their effects.
Following such a modular approach, to draw a solid conclusion about
the effect of specific design elements (e.g., genre, avatars, levels) on
the psychometric properties of and applicant reactions to a GBA,
requires studying a specific design element in isolation to be able to
attribute any changes to the gamification element. Thus, future
research should examine the effects of specific design elements, such
as using avatars or a storyline, on validity and reactions in isolation. In
this respect, it might also be worthwhile to consider in isolation how
the two mini-games used in our GBA might have influenced
applicants' enjoyment and fun.

Another limitation of our GBA is that it used a static narrative
(i.e., participants finished the game and saved the cursed country
regardless of their actual performance). Accordingly, the overall GBA
score was based on the number of correctly solved items, whereas
participants' behavior within the game did not impact GBA perform-
ance or GBA scores. We chose this setting to keep the game
mechanics as simple as possible while simultaneously increasing
applicants' enjoyment of the assessment by embedding the actual
items into a game. However, it would be interesting to investigate in
a further development of the GBA whether participants' behavior in
the game can also be validly integrated into the GBA score.

Moreover, it might also be valuable to examine whether changing
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the game mechanics themselves would affect validity and applicant
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reactions, such as using a joystick instead of a keyboard to control
the game.

Furthermore, the progress of the game did not depend on
participants' performance and test takers also did not receive
feedback on their performance. This was done to ensure that all
participants were presented with the same items. However, whether
or not test takers receive feedback could affect their motivation and
thus their performance. Therefore, it would be valuable, for example,
to explore whether giving or not giving feedback to participants on
their performance affects their reactions and the validity of a
specific GBA.

Furthermore, it should be noted that the overall GBA score as
well as the verbal and numerical subscales correlated with sex, with
males performing better than females. This is in line with previous
concerns that males might be advantaged by GBAs (Bhatia &
Ryan, 2018; Fetzer et al., 2017) and extends the limited research
on subgroup differences in GBAs (Melchers & Basch, 2022).
However, the same patterns of results were found for the traditional
cognitive ability test. Thus, it could be that the GBA simply replicated
the gender differences that are also apparent in the traditional test.
Given that there are usually no meaningful sex differences for the IST
Screening (Liepmann et al., 2012), it might be that the present sample
was not representative. Future research should therefore re-examine
sex differences in the GBA and the paper-pencil test, because
potential subgroup differences might be problematic in the personnel
selection context, as even small differences could lead to disadvan-
tages for specific groups of applicants.

In addition, GBA performance was also associated with video
game experience so that individuals with more video game
experience scored better across all GBA scales than individuals
with limited video game experience. This might be due to the fact
that certain game mechanics such as manipulating objects (e.g.,
clicking answers or throwing), finding one's way around the game
environment, or interpreting features of the game (e.g., what is
the object in front of me and what can | do with it?) may be more
challenging for players without game experience than for those
with experience, and thus might represent an additional cognitive
load for unexperienced test takers (Arthur et al., 2018). Thus, it is
possible that the more complex the game mechanics are
designed, the more difficult it is for non-gamers to understand
them, which might put them at a disadvantage. Within our GBA,
we attempted to design the game mechanics to be as easy to
understand as possible, however, the cognitive load may have
been higher for inexperienced gamers than for experienced
gamers. Thus, future research should investigate how game
mechanics can be designed in such a way that video game
experience does not lead to an unfair advantage in the GBA.

Another limitation worth mentioning is that all participants were
employed by the same government agency, meaning it cannot be
ruled out that satisfaction with their current job and the organization,
in general, may have biased the results, especially with regard to
applicant reactions. Furthermore, given that all participants had at
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least a Bachelor's degree, this may have led to some range restriction,
for instance in terms of cognitive ability. This is because, in Germany,
only those who have completed their Abitur (i.e., the final school
leaving examination in Germany that qualifies for university admis-
sion; completed successfully by about half of all school leavers) can
pursue a university degree. And given that academic performance is
correlated with cognitive ability (Kuncel & Hezlett, 2007; Neisser
et al.,, 1996), only people with a higher level of GMA tend to attend
university, which is why there was potential restriction of variance in
participants' cognitive ability. Accordingly, relationships between the
two selection instruments might represent conservative estimates.
Finally, we only conducted a single study, which is another reason
why it would be interesting to replicate the present results in
another, more diverse sample. This would allow for an evaluation of
the replicability of the present results and for a more detailed
exploration of potential effects of age, occupational field, and

educational level on test performance and applicant reactions.

6.2 | Practical implications
In recent years, the number of commercial providers of digital
selection methods, which include GRAs, as well as the number of
organizations using GBAs for personnel selection, has increased
rapidly (Armoneit et al., 2020; Woods et al., 2020). At the same time,
there is still a lack of empirical research concerning the construct-
and criterion-related validity of game-related methods (Woods
et al., 2020; Ramos-Villagrasa et al, 2022). Addressing the
scientist-practitioner gap, the results of the present study indicate
that GBAs intending to measure cognitive abilities can indeed show a
strong positive correlation with performance in a traditional paper-
pencil ability test targeting the same abilities. However, the results of
the present GBA are not simply generalizable to all other gamified or
game-based instruments, since the different specific design elements
and the particular construct(s) measured by a certain GBA can
influence its psychometric properties (Bhatia & Ryan, 2018; Fetzer
et al, 2017). Accordingly, the distinction between constructs and
methods is essential when considering the use of GBAs (Arthur &
Villado, 2008). Thus, the first step for organizations that want to
implement GBAs in their selection process is to determine the
constructs that they want to assess within their selection process.
And it is only necessary in the second step to consider which of these
constructs can or should potentially be measured using a GBA.
However, given the sometimes limited support for the construct-
related validity of GBAs concerning the targeted constructs (cf.
Landers & Collmus, 2022) and the often-missing evidence concerning
their criterion-related validity, any specific GBA should be validated
before its implementation to ensure that it meets the standards of a
psychometrically valid selection tool. Concerning the measurement
of cognitive ability in GBAs, however, results from the present study
as well as from previous research allow for optimism.

Furthermore, in times of the war for talent, applicant reactions

are becoming increasingly important in attracting top talent to work

for one's organization (Chambers et al., 1998). Contrary to sugges-
tions that GBAs consistently lead to more positive applicant reactions
compared with more traditional methods (Bhatia & Ryan, 2018;
Fetzer et al., 2017), the present study found the opposite result.
Thus, it cannot be taken for granted that GBAs are always more
readily accepted by applicants than their traditional counterparts.
One possibility to avoid potentially negative effects of a GBA on
applicant reactions would be to obtain more precise information
regarding its acceptance before its use in the actual selection process.

Altogether, before implementing a specific GBA in a selection
process, it is necessary to evaluate whether the benefits of this novel
method outweigh those of its traditional counterpart, taking into
account multiple relevant outcomes. From an economic point of
view, it should be considered, for example, whether the initially
higher development costs of a GBA can save costs in the long term
through automated implementation. In addition, outcomes such as
validity, applicant reactions, and subgroup differences need to be
carefully compared between GBAs and traditional selection methods.
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