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Designing fairness: best practices for gender-
sensitive development of cognitive ability tests in
recruitment
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Psychological tests play a pivotal role in high-stakes decisions such as recruitment, yet

traditional development guidelines concentrate fairness work downstream—at test admin-

istration and post hoc statistical bias correction—while offering little concrete guidance for

the design stage, where constructs are defined and operationalized. Drawing on constructivist

and organizational justice theories, we argue that a “bias by design” arises when unexamined

default assumptions narrow construct representation, systematically disadvantaging groups

before any item is administered. We develop this for cognitive ability tests, which exhibit the

largest subgroup differences among common selection instruments and routinely rely on

figural matrices as proxies for general ability, thereby disadvantaging women. We contrast

procedural justice (standardized administration) with distributive justice (equitable score

distributions), clarifying that the latter applies to a principled class of constructs—latent and

content-general, such as fluid intelligence—for which content-linked group differences signal

construct-irrelevant variance rather than true differences. To address this gap, we adapt

Stanford’s Gendered Innovations framework and demonstrate its application through the

Modularer Kurzintelligenztest (M-KIT; Dantlgraber et al., 2015). Fairness can be addressed at

three hierarchically ordered levels, where higher levels constrain lower ones: the theoretical

model (broadening construct representation), the task format (removing construct-irrelevant

demands), and the item (differential item functioning as final refinement, not primary

remedy). We distill practical recommendations for embedding distributive justice early,

including questioning default assumptions and documenting fairness deliberations. Our

approach reframes fairness not as a trade-off but as integral to validity, offering a roadmap

for more inclusive assessments.
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Introduction
“The fact is that gender ideology does not operate as an
explicit force in the construction of scientific theories. Its
impact (like that of ideology in general) is always indirect:
in the formation and selection of preferred goals, values,
methodologies, and explanations” (Keller, 1995, p. 137).

Psychological tests are widely used to inform recruitment,
educational, and other aptitude-related decisions. For
example, tests of cognitive ability (Armoneit et al., 2020;

Kulikowski et al., 2025), situational judgement tests (Cabrera and
Nguyen, 2001), or achievement motivation tests (Schmidt-Atzert,
2004) could indicate whether a person fits into a certain degree
program or job position. Indeed, test scores in the past have been
documented to play a crucial role in predicting important life
outcomes such as academic (Rohde and Thompson, 2007) and
job performance (Schmidt and Hunter, 1998; Steel and Faroborzi,
2024). Thus, because of the wide-reaching consequences a test-
based decision could have for an applicant’s or student’s future, it
is important to ensure that no group of individuals systematically
scores higher or lower than other groups for reasons that cannot
be reasonably justified – that is, to ensure the criterion of test
fairness is fulfilled. Not surprisingly, there are lively discussions
about fairness regarding an applicant’s cultural background
(Reynolds and Suzuki, 2012; Stumpf et al., 2017; Wilson et al.,
2023), ethnicity (Chung-Yan and Cronshaw, 2002; Reynolds
et al., 2021; Schmidt and Hunter, 1974), and gender (Herzberg,
2024; Sparfeldt and Schult, 2024; Striebing et al., 2024).

The guidelines typically used as a basis for developing psy-
chological tests – and, still more so, the degree to which devel-
opers adhere to them – concentrate fairness work at the stages of
test administration and post-hoc statistical evaluation, while
offering comparatively little concrete guidance for the design
stage; even those few recommendations that do apply to design
are followed inconsistently in practice (e.g., Jonson et al., 2019).
In this paper, we argue that different conceptions of fairness play
a crucial role in producing this asymmetry. Where emphasis is
placed on the test criterion of objectivity, attention gravitates
toward procedural justice, that is, toward process-related aspects
of testing. We propose that greater attention should be given to
distributive justice—how test results are allocated across sub-
groups—and, crucially, that this attention must be paid at the
point where constructs are defined and operationalized in
recruitment settings. The structural problem with unfairness in
aptitude tests therefore does not lie solely in the administration of
psychological tests (e.g., standardization) or in statistical con-
siderations after testing has concluded (e.g., differential item
functioning; DIF). These steps are necessary, but by the time they
are applied, the decisive choices—which facets of a construct are
represented, and through which stimulus formats—have already
been fixed. Unfairness, in this sense, is not primarily a failure of
correction but a consequence of the basic assumptions underlying
test development, and hence, a bias by design. Because cognitive
ability tests are among the most widely used instruments for
aptitude-related decisions (Armoneit et al., 2020; Pollard et al.,
2015), they are the exclusive focus of this paper. The restriction is
deliberate: of the instruments commonly used in selection, cog-
nitive ability tests exhibit the largest and most consequential
subgroup differences (Woods and Patterson, 2024), and within
them figural matrices are routinely employed as efficient proxies
for general cognitive ability—which makes the consequences of a
narrow operationalization particularly visible. This concern is not
confined to the research literature. Short cognitive ability tests are
increasingly administered at scale by commercial test providers
and consulting firms, typically as online screening instruments
applied early in the selection funnel and before any human

review, yet many such instruments are of uncertain psychometric
quality and are accompanied by little or no published validity
evidence (Hossiep et al., 2015; Prochazka et al., 2023). A narrow
operationalization therefore does not merely distort a single score;
it is replicated across large applicant pools at the point where the
majority of candidates are screened out.

Using gender as a case in point, we demonstrate in this article
that underlying assumptions in test development reflect different
notions of fairness, resulting in diverging priorities and levels of
sensitivity. We then present a guide to gender-sensitive test
development based on the case study of a cognitive ability test
that actively considered gender fairness in its theory, develop-
ment, and design (Dantlgraber et al., 2015). Thus, this test con-
stitutes one of the first test manuals addressing gender fairness as
a design paradigm. We base our recommendations for developing
gender fair tests on the Gendered Innovations approach by
Stanford University (Schiebinger et al., 2011–2020). It provides
impulses for considering gender in every step of a scientific
process and, thus, enhances previous recommendations for fair-
ness in test development (Jonson et al., 2019) through its con-
structivist1 perspective on the basic assumptions of research and
development (R&D) processes.

To illustrate the need for considering gender fairness in the test
construction phase, we start by providing an example of how a
lack of theoretical soundness in test design might result in
questionable test scores and therefore potential bias in decision-
making.

Bias by design in aptitude tests
Psychological tests are defined by the American Educational
Research Association (AERA), the American Psychological
Association (APA), and the National Council on Measurement in
Education in the following way: „A test is a device or procedure in
which a sample of an examinee’s behavior in a specified domain is
obtained and subsequently evaluated and scored using a stan-
dardized process” (AERA et al., 2014, p. 2). Utilizing such tests in
recruiting processes, recruiters aim at identifying skills, knowl-
edge, abilities, or other more generic characteristics of applicants
(e.g., cognitive abilities, personality characteristics or motives and
interests; Farr and Tippins, 2017; Höft et al., 2017). These should
in some way relate to the relevant hiring criterion (often job
performance) to help recruiters selecting those applicants who are
most suitable for the specific job (Armoneit et al., 2020; Murphy,
2017).

Striebing and colleagues (2024) argue that women are sys-
tematically disadvantaged in cognitive ability tests because these
tests regularly prioritize types of cognitive abilities in which men
tend to score higher, namely mathematical and non-verbal rea-
soning abilities (Waschl and Burns, 2020). Thus, the lack of a
comprehensive construct representation—such as assessing
inductive reasoning based on numerical, figural, and alphabetical
stimuli (Jäger et al., 1997)—can lead to a gender biased con-
ceptualization and assessment in application settings (Messick,
1989, 1995). This is particularly problematic given that general
intelligence is roughly equally distributed between men and
women (Flynn and Rossi-Casé, 2011).

This form of gender-specific test design may be justified if the
relevant skills, which are distributed unevenly between the gen-
ders, are clearly and comprehensibly important specific profes-
sional skills of the position in question. However, an optimum
match between the skills required by the job and the aptitude tests
used is not practiced regularly. Time and cost constraints in job
assessment settings require efficient, compact, and easy-to-use
measures of applicants’ knowledge, skills, and abilities. Because of
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the required efficiency in personnel selection, the range of cog-
nitive abilities assessed is often only focused on a single dimen-
sion (e.g., figural inductive reasoning; Formann and Piswanger,
1979; Hossiep and Hasella, 1999; Raven, 1939; Weiß, 2019).
Intelligence is multidimensional, as are its subcomponents such
as inductive reasoning, working memory capacity, and processing
speed (Dantlgraber, 2015; Jäger et al., 1997). Tests that omit some
of these facets sacrifice theoretical and stimulus comprehensive-
ness, which can bias the prediction of criteria such as job per-
formance across groups (Waschl and Burns, 2020).

The described phenomenon is, in psychometric terms, an
instance of construct underrepresentation—one of the two prin-
cipal threats to validity in Messick’s (1989, 1995) unified frame-
work alongside construct-irrelevant variance. When a test
intended to measure inductive reasoning samples only figural
content, it undersamples the construct domain, and the resulting
score reflects the construct less faithfully than its label implies.
This threat is well established. Hence, our argument is narrower
and distinct in three respects. First, the validity literature treats
underrepresentation as a property to be detected in a finished
instrument but offers no account of why specific under-
representations recur and why they fall systematically along
gender lines. Second, underrepresentation is a validity problem
irrespective of group impact; we are concerned specifically with
the subset that produces systematic group disadvantage—what we
term bias by design. Third, although design-stage validity fra-
meworks exist (e.g., Evidence-Centered Design; Mislevy and
Haertel, 2006), they operationalize coverage of the construct as
defined rather than interrogating whether the construct definition
itself encodes an unexamined default. It is this last step that the
Gendered Innovations approach (Schiebinger et al., 2011-2020) is
designed to address.

A typical example of a gender-unequal cognitive ability
assessment that might lead to gender imbalanced results is
inductive reasoning. Inductive reasoning represents the ability to
discover underlying rules in relationships or information and to
apply these rules to obtain a solution (Carroll, 1993). It is dis-
proportionately assessed with figural tasks, thus assessing figural
inductive reasoning, neglecting other types of stimuli (e.g., verbal/
alphabetical or numerical; Waschl and Burns, 2020). This is
illustrated in tasks like figural matrices. These tasks load highly on
fluid intelligence (Gignac, 2015) and are therefore applied fre-
quently as an efficient measure of cognitive ability in occupational
settings. Test-takers are required to identify underlying rules
within a visual pattern (the matrix) and select the correct solution
from a set of response options (distractor-based format; Koch
et al., 2022). A meta-analysis by Lynn and Irwing (2004) found a
male advantage of five IQ points in figural progressive matrices
tasks as developed by Raven (1939). This variance disappeared
when evaluating a general factor of fluid intelligence (Giofrè et al.,
2022).

One reason for explaining these differences in test performance
is a contaminated assessment of inductive reasoning when mea-
sured through figural tasks, as the figural nature of these items
requires individuals to additionally rely on visuo-spatial abilities
(Waschl and Burns, 2020), especially with increased complexity
of the displayed figures (Arendasy and Sommer, 2012). For this
reason, we argue that there is potential bias by design in the
construction of efficient cognitive ability tests for application
settings that may lead to unfair group differences. Administering
such a seemingly standardized test to a group consisting of both
men and women could therefore lead to women being unjusti-
fiably singled out because construct-unrelated factors influence
test performance, even though they are actually well-suited can-
didates (Azen et al., 2002; Cole and Zieky, 2001; Woods and
Patterson, 2024).

But why are such biased tests widely practiced, even though, on
closer inspection, they do not meet the quality standards for
psychological testing, besides the above-presented resource effi-
cacy in applied settings? In the following, we argue that their
continued use is due to the way test quality standards and the
concept of fairness are interpreted and prioritized by test devel-
opers and test service providers. In this article, we do not intend
to discuss the best way to determine and eliminate test bias after
the testing procedure (e.g., Bazian et al., 2025) using statistical
methods (for an overview, see Aguinis and Culpepper, 2024). We
want to discuss how fairness can be established from the much
earlier stage of test development, thus tackling bias by design.

Distributive and procedural fairness. The concept of fairness
can be related to perceptions of so-called procedural and dis-
tributive justice (Gilliland, 1994).2 In the context of organiza-
tional justice literature, procedural justice denotes the perceived
fairness of formal procedures and mechanisms through which
decisions are reached (Greenberg and Tyler, 1987). Aspects
related to formal characteristics of the process, adequate expla-
nation of the procedure, and interpersonal treatment contribute
to an individual’s perception of procedural justice (Greenberg,
1990).

Beyond the common emphasis on subjective perceptions of
fairness, definitions of procedural justice can also include a
normative perspective, which was introduced for psychological
testing. In this sense, Kane (2010) stated that procedural fairness
in psychological testing requires that “all test takers be treated in
essentially the same way, that they take the same test or
equivalent tests, under the same conditions or equivalent
conditions, and that their performances be evaluated using the
same (or essentially the same) rules and procedures” (Kane, 2010,
p. 178). While procedural fairness is considered an important
aspect of psychological testing, there are clear parallels to the
testing criterion of objectivity—meaning that the testing process
is reproducible independently of the place, time, test adminis-
trator, and test evaluator (AERA et al., 2014; Bühner et al., 2017;
Moosbrugger and Kelava, 2020)—which raises the question of
whether the scope of this conceptualization of fairness may be too
narrow, given that reproducibility and standardization alone do
not ensure fairness.

Distributive justice, by comparison, relates to an individual’s
perception that the effort they put into an organizational process
is proportionally reflected in their own organizational outcome,
especially compared to the input-output ratio of another
individual of the same organization (Greenberg, 1990). Within
cognitive ability testing, the outcome corresponds to the test
result, which can be expected to be equal across genders if the
testing situation is equal for both groups and the same effort and
abilities are put into the test. Referring to our previous example
on cognitive ability and inductive reasoning tests: If two
applicants, categorized within a dichotomous gender framework
(man and woman), possess the same level of inductive reasoning
but the test assesses it solely through figural matrices, the design
may be biased (for example, as visuo-spatial abilities confound
the ability assessment and construct accessibility). Relying
exclusively on figural inductive reasoning to evaluate overall
inductive ability and to predict job performance (so-called
construct underrepresentation) can disadvantage women, redu-
cing distributive justice, as suggested by empirical findings above.

Considering that such starkly simplified conceptions of
cognitive abilities are the case, it is surprising that no definition
of a concept such as distributive fairness in psychological testing
has been included in any official guidelines issued by leading
professional associations or psychometric standardization bodies
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(e.g., AERA, APA, Deutsches Institut für Normung [DIN]).
Indeed, we argue that distributive fairness has received insuffi-
cient attention in psychological testing.

Distributive fairness in the sense we intend applies to a specific
and principled class: constructs that are latent and content-
general—such that content-specific variance is, by definition, not
part of the construct—and for which there is independent
theoretical and empirical warrant to expect no true group
difference at the level of the core construct. Fluid intelligence
meets both conditions: it is defined as a content-general
information-processing capacity (Jensen, 1998; McGrew, 2009),
and general cognitive ability shows negligible sex differences
(Colom et al., 2000; Giofrè et al., 2022). So, when verbal,
numerical, and figural tasks all load on the same latent factor but
only the figural format produces a sizable group gap, content-
linked variance is construct-irrelevant by definition (Campbell
and Fiske, 1959). Constructs whose group differences are
constitutive rather than artifactual fall outside this scope.
Reaction time is instructive here: it differs reliably by age, that
difference is part of what the construct measures, and it cannot be
made to appear or disappear by re-selecting stimulus content
(Der and Deary, 2009). For such constructs, equalizing outcomes
would compensate for genuine differences, which is neither our
claim nor a defensible one. The distinction is therefore between
differences that are constitutive of the construct and differences
introduced by a discretionary feature of its operationalization (see
below how the M-KIT approached this issue).

In the context of psychological testing, test fairness has
traditionally been placed apart from the classical quality criteria
of objectivity, reliability, and validity, listed as a further criterion
rather than among the core. This positioning shifted in 2014,
when the Standards for Educational and Psychological Testing
(AERA et al., 2014) treated fairness as foundational to test validity
in the US context, a development not yet mirrored in, for
example, the German-speaking assessment tradition. The AERA
defines fairness based on procedural aspects (“fair and equitable
treatment of all test takers”) and fairness as the absence of
measurement bias, construct accessibility, and valid score
interpretation (AERA et al., 2014, p. 51).

We do not claim that fairness is neglected in contemporary
psychometrics. On the contrary, the current Standards treat it as
foundational, defining bias in terms of construct-irrelevant
variance (AERA et al., 2014). Our claim concerns one central
asymmetry, whose reach is larger than its usual framing suggests:
the operationalization of fairness remains concentrated down-
stream. Fairness evidence is elaborated for measurement bias,
response processes, and consequences of use—all presupposing a
fixed construct definition—whereas procedures for interrogating
that definition are underdeveloped (Jonson et al., 2019). The same
concentration marks the standard most specific to our context,
the Principles for the Validation and Use of Personnel Selection
Procedures (SIOP, 2018), which treat fairness chiefly as equitable
treatment, comparable access, and the absence of predictive and
measurement bias, while interrogation of the construct definition
falls under validity rather than being a fairness decision point.

The Principles, following the Standards, reject equality of group
outcomes as a definition of fairness and hold that group
differences do not in themselves indicate bias. We do not dispute
this; our claim is not that outcome differences are bias, but that
they warrant scrutiny of the operationalization—which follows
the Principles’ own logic that group differences should trigger
heightened scrutiny for construct underrepresentation and
construct-irrelevant components (SIOP, 2018, p. 22). On a latent,
content-general construct, a difference confined to a single
stimulus format is precisely such a flag (see Recommendation 8).
Our proposal thus extends, rather than contradicts, the scrutiny

these standards prescribe, relocating it to the design stage, where
the operationalization is still open to revision. The asymmetry
thereby proves decisive: the stage at which construct-irrelevant
variance can still be prevented is the one least served by existing
fairness procedures—and it is most pronounced in the German-
speaking standards (DIN, 2016; Bühner et al., 2017; Moosbrugger
and Kelava, 2020), where fairness remains subordinated to
objectivity. Our contribution addresses this asymmetry within the
context most affected by it.

Given our above example on inductive reasoning as a go-to
measure for cognitive abilities in personnel assessment, valid
score interpretation is difficult when the measurement of
inductive reasoning is confounded through construct-unrelated
influences. As Kane (2010) stated: “An assessment that is unfair,
in the sense that it systematically misrepresents the standing of
some individuals or some groups of individuals on the construct
being measured or that tends make inappropriate decisions for
individuals or groups is, to that extent, not valid for that
interpretation or use. Similarly, an assessment that is not valid in
the sense that it tends to generate misleading conclusions or
inappropriate decisions for some individuals or groups will also
be unfair.” (Kane, 2010, p. 181). This leads to our next question:
How are fairness and validity of psychological tests related?

Trading fairness for validity? In psychological testing and per-
sonnel selection, the most heavily weighted test criterion for
informing decision-making is the validity of the selection pro-
cedures—particularly their predictive, criterion-related validity.
Previously, various studies discussed a trade-off between this type
of validity and fairness (Speer et al., 2025). The following section
provides a brief overview of recent discussions addressing this
potential trade-off.

As the intended purpose of psychological tests is to inform
aptitude-related decisions, ideally, the test accurately predicts the
test taker’s performance in the organization they are selected for.
Therefore, if the correlation between the test score and later
performance is high, the test score is said to have high predictive
validity, and its use is encouraged. For example, in the case of
cognitive ability tests in employee recruitment, their predictive
validity was said to be high (Schmidt and Hunter, 1998).
Consequently, they have been popular tools for selecting
employees (Armoneit et al., 2020; Pollard et al., 2015).
Considering that high predictive validity often coincides with a
lower pass rate of minorities and women, researchers have
referred to this as the so-called diversity-validity dilemma
(Ployhart and Holtz, 2008; Pyburn et al., 2008).

However, not only has the overreliance on predictive validity
estimates for the application of psychological tests been criticized
(e.g., Borsboom, 2006); a recent comprehensive meta-analysis by
Sackett and colleagues (2024) resulted in predictive validity
estimates that were considerably lower for cognitive ability tests
than previously reported. It has even been proposed that
cognitive ability tests could be left out of the recruiting process
entirely to reduce adverse impact (Berry et al., 2024; Sackett et al.,
2024). Thus, the so-called diversity-validity dilemma stops being
a dilemma if validity’s weight in the equation is greatly reduced
(Sackett et al., 2023), and it might make more sense to prioritize
fairness when developing and applying cognitive ability tests.

Furthermore, research supports that most tests used for
employee recruitment in practice are outdated, of low psycho-
metric quality, or developed not by experts in psychometrics, but
by consulting firms that provide little to no validity estimates
(Hossiep et al., 2015; Prochazka et al., 2023). One can assume that
these tests suffer from the same lack of comprehensive construct
representation as previously described. The quality of many of the

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-026-09131-6

4 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2026) 13:1630 | https://doi.org/10.1057/s41599-026-09131-6



tests commonly used in practice is, thus, hard to evaluate and
necessitates a bigger focus on test fairness.

The gender bias by design described here is sometimes justified
on the grounds that it is fair, in the sense that although the
respective test design may tend to lead to lower chances of success
for certain social groups, it would still identify the best performers
overall (e.g., Herzberg, 2024; Sparfeldt and Schult, 2024). This
must be countered by the fact that this performance equity
paradigm of psychological tests is being viewed increasingly
critically (Dantlgraber et al., 2015; Ployhart und Holtz, 2008;
Woods and Patterson, 2024).

In modern psychological testing situations, it is common to test
for so-called adverse impact (Hough et al., 2001) or “the effect by
which the proportion of one group meeting a selection criterion is
systematically different from another“ (Woods and Patterson,
2024, p. 256). A recent meta-analysis revealed that the exclusion
of cognitive ability tests results in only a negligible decline in
predictive validity, while substantially reducing adverse impact
(Berry et al., 2024). If human resource professionals still choose to
administer cognitive ability tests during assessments, they can at
the very least ensure that the measures used are fair. In the
following, we will discuss past recommendations on how this
fairness can be addressed in test development and administration.

The state of fairness guidance in current standards
Even though fairness is an essential component in the updated
Standards for educational and psychological testing (see above),
as “fairness is a central issue in achieving valid test results” (Plake
and Wise, 2014, p. 7), prevalent measures still perform poorly
under these standards and lack adherence to established recom-
mendations (Jonson et al., 2019). Additionally, many of the
currently established instruments were developed before these
standards became widely known to researchers, thus making
compliance difficult.

Since our discussion in this paper thus far has primarily been
theoretical and conceptual, we now discuss the general lack of
practical recommendations addressing fairness in test develop-
ment within past guidelines. We focus on the development stage,
as strategies to reduce bias after test items are administered are
less effective (Bazian et al., 2025).

Lack of practical recommendations for developing fair
psychological tests. Considering current conceptualizations of
fairness, Xi (2010) remarked that “previous fairness frameworks
(…) may not provide practical guidance on how to go about
developing the relevant evidence to support fairness” (Xi, 2010, p.
148). One comprehensive study was conducted by Jonson and
colleagues (2019), who collected 17 practical recommendations
from established psychological testing guidelines and reviewed
their consideration in established general intelligence and cog-
nitive ability tests. Not only did most tests exhibit a lack of
compliance with the recommendations, but only three out of the
17 recommendations were applicable during the test design phase
(use of universal design principles in test design and development,
review of test by a panel with subgroup expertise, describing test
review process and results). The remaining criteria focused on
subgroup analysis after test administration as well as doc-
umentation of the testing process, mirroring a focus on analytical
and procedural aspects of testing (see procedural justice above).
Thus, there is a need for more practical guidelines for the
development of fair psychological tests in recruitment settings, as
previous recommendations might not cover this aspect in depth
based on previous elaborations for potential bias by design.

One interdisciplinary approach to enhance fairness considera-
tions in test design can be the Gendered Innovations framework

(Schiebinger, 2011–2020), which has been applied to various
scientific sub-disciplines with the goal of fostering scientific
discovery and improving social equality (Tannenbaum et al.,
2019). In the following, we will provide a brief description of the
idea of Gendered Innovations and how these can be related to
psychological testing.

The gendered innovations approach. The Gendered Innovations
approach (Schiebinger et al., 2011-2020; Tannenbaum et al.,
2019) aims to systematically integrate sex and gender analysis
into scientific and technological research. This approach recog-
nizes that overlooking gender differences can lead to inaccuracies,
inefficiencies, and even inequities in various domains, including
psychological testing. The methodology promotes inter-
disciplinary collaboration and the adoption of best practices to
identify and mitigate gender biases at all stages of research and
development. Based on a social-constructionist perspective, the
Gendered Innovations approach assumes that scientists engage in
R&D processes based on their own specific presumptions and
perspectives. These presumptions, when not reflected and
balanced, influence outcomes and potentially gender-based dif-
ferences in developed services or products. Hence, we argue that
psychological test construction for personnel assessment can
benefit from questioning presumptions early in the process of test
development by reflecting on the underlying theoretical founda-
tion (e.g., why are figural matrices so widespread, and how might
this influence fairness? We discuss this below).

Key aspects of the Gendered Innovations approach include the
early incorporation of gender considerations in research designs,
the disaggregation of data by sex and gender, and the
development of gender-responsive methodologies (Tannenbaum
et al., 2019). Rather than treating gender as an afterthought or
applying corrective measures post hoc, this approach emphasizes
that integrating gender-sensitive analyses from the outset leads to
more robust, valid, and fair outcomes.

In the context of psychological testing for personnel selection,
the Gendered Innovations approach can provide a structured way
to identify and address biases embedded in test design. In line
with the approach of engineering innovation processes (Schie-
binger et al., 2011-2020), the development of a new cognitive
ability measure can be conceptualized as the development of a
new product or service to integrate in hiring processes (Farr and
Tippins, 2017; Höft et al., 2017). The test developers, in their role
as designers, base their approach to this process on their external
knowledge (acquired in training) and internal knowledge
(acquired in the specific workplace), as well as their experience
of success and impact of the products and services developed.

As such, test developers can consider fairness and gender
aspects in different steps of the development process. Starting
with rethinking research priorities and outcomes, theories,
research questions, and the inclusion of different perspectives in
the process, test developers can reflect upon the knowledge and
assumptions embedded in these initial steps. As these steps lay
the groundwork for the entire research process, the fairness of
R&D processes depends primarily on these initial considerations.
In further steps of the process, researchers can analyze their data
by sex, gender, and intersecting factors potentially threatening the
fairness for other socio-demographic groups. Finally, the process
encourages rethinking standards and reference models (see
above) for future research approaches.

When comparing this R&D process to past guidelines and
practical recommendations (Jonson et al., 2019), psychological
test development and fairness standards are quite elaborate when
it comes to the analysis and reporting of sub-group differences.
Statistical tools such as measurement invariance testing (Leitgöb
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et al., 2023), DIF (Bauer, 2017; Wetzel and Hell, 2013), predictive
bias analysis (Aguinis and Culpepper, 2024), and adverse impact
analysis for personnel selection (Woods and Patterson, 2024) help
researchers identify potential threats to fairness after test
administration. However, none of these procedures can flag that
a construct was defined too narrowly in the first place, because
each operates on an already-fixed operationalization. Remedies
applied at this stage therefore address a symptom rather than its
cause: post-hoc item selection cannot repair a gap that originates
in the operationalization (Bazian et al., 2025), and only a minority
of fairness recommendations reviewed by Jonson et al. (2019)
apply at the design stage at all (see above). Group norms illustrate
the same limitation and add a further caveat, as they adjust the
score distribution without touching the instrument. If the group
difference reflects construct-irrelevant variance, norming masks a
measurement artifact rather than removing it; if instead it reflects
a genuine difference, it equates scores by group membership,
which in selection contexts threatens equal treatment.

The Gendered Innovations approach, on the other hand,
enhances previous guidelines on test development in the first part
of the process: rethinking research priorities, outcomes, concepts,
and theories. Encouraging test developers to reflect on their
underlying assumptions promotes a more comprehensive
approach to fairness. This includes examining whether test
formats, such as those used in cognitive ability tests (e.g., figural
matrices), unintentionally favor one gender and thus lead to
biased outcomes (Waschl and Burns, 2020). The following section
translates key principles of the Gendered Innovations approach to
psychological testing.

Rethinking concepts and theories: gendered innovations in
psychological test development. Assuming concepts by default
can lead to further pigeonholing research: “Default means failure
to act; neglect or a preselected option adopted when no alter-
native is specified” (Schiebinger, 2014, p. 5). As mentioned above,
quality criteria of psychological test development refer to proce-
dural conceptualizations of justice, lacking a more elaborated
perspective on fairness issues in modern testing environments
(e.g., personnel assessment and the representation of different
genders or minorities). The AERA guidelines replace objectivity
with fairness, thus assigning higher priority to various issues of
fairness in test development and further elaborate on aspects of
distributive justice (e.g., fairness as the absence of measurement
bias, construct accessibility, and valid score interpretation).

Using the example of inductive reasoning tests provided
previously, the use of mostly figural tasks to assess inductive
reasoning is rooted in the assumption that these tasks are equally
known or unknown to all test takers (Waschl and Burns, 2020).
Questioning this assumption paves the way for developing
alternative tasks that are not solely based on figural skills and
consequently represent the construct of inductive reasoning more
comprehensively (Dantlgraber, 2015; Waschl and Burns, 2020).
As a result, a more valid score interpretation of applicants’
inductive reasoning might be achieved, as multiple perspectives
are considered. Hence, new formats of items to assess the
underlying psychological construct might be required to enhance
fairness in testing inductive reasoning.

The Gendered Innovations approach integrates (gender)
fairness considerably earlier in the test development process than
is usually recommended, for instance by the Standards for
Educational and Psychological Testing or the guidelines compiled
by Jonson and colleagues (2019). By rethinking concepts and
theories, test developers are encouraged to reflect on their basic
assumptions and the underlying theory (e.g., theories of general
intelligence, or of its development in childhood and adolescence),

and on how much emphasis they place on procedural as opposed
to distributive aspects of justice. This reflection extends to their
core concepts (e.g., fluid intelligence and inductive reasoning),
which in turn shape the hypotheses developers hold about what
their test material should yield in terms of distributive fairness.
Only on this basis are the methodology and test material
developed and the resulting data analyzed. The premise that the
initial steps of the research cycle deserve this scrutiny is not
unique to Gendered Innovations: it converges with recent
proposals for participatory and community-engaged psychologi-
cal research, which likewise locate the decisive choices at the stage
of conceptualization and design and ask researchers to examine
the assumptions and positionality they bring to it, rather than
addressing representational concerns only at the stage of analysis
or reporting (Mohamed et al., 2026).

In the second part of this article, we integrate this call for
action in the field of fair psychological testing and develop best
practices (Table 1) for gender-sensitive test development based on
the reviewed literature and a measure of cognitive abilities
developed with gender fairness and resource constraints of
application settings in mind (Dantlgraber et al., 2015). This case
study can be considered as a contextualization of the Gendered
Innovations approach to fairness in psychological testing, thus
enriching the standards reviewed by Jonson et al. (2019).

Guidelines and case study. The M-KIT (Modularer Kurzintelli-
genztest; Dantlgraber et al., 2015) was developed to provide a
time-efficient measure of cognitive ability while treating gender
fairness as a construction principle rather than a post-hoc check.
Its development illustrates the three decision levels at which
fairness can be addressed—the theoretical model, the task format,
and the item—and, critically, that these levels are hierarchically
ordered: decisions taken at the higher levels constrain what
remains achievable at the lower ones. This ordering is the orga-
nizing logic of our recommendations (Table 1), and we use the
M-KIT here to make each level concrete. It is not offered as a
novel instrument or as new evidence, but as one of the few
documented cases in which fairness reasoning is visible at each
level of test construction (Funsch and Roemer, 2025).

The theoretical model (Table 1, Recommendations 6–8). The
theoretical model is the highest level of abstraction and the one
with the greatest leverage over gender bias, because it fixes what
the test is taken to measure and therefore what counts as
construct-relevant in the first place. Because the validity of
cognitive ability tests is attributed largely to the g factor rather
than to specific abilities (Ree and Carretta, 2022), and because the
criterion in applied settings is typically a broad construct such as
overall job performance, the M-KIT targets fluid intelligence (gf),
defined in Cattell-Horn-Carroll (CHC) model terms as a content-
general information-processing capacity that can in principle be
applied to any content (Jensen, 1998; McGrew, 2009). This
definition carries a direct fairness implication that is easily
overlooked: If gf is content-general, then content-specific variance
is by definition not part of the construct, and any systematic
group difference that is tied to a particular content format is
therefore a candidate for construct-irrelevant variance rather than
a true difference in the target ability. Yet figural tasks are
routinely used as the sole estimate of gf, even though verbal and
numerical reasoning tasks show comparable or higher g-loadings
(Johnson et al., 2004), and figural-only measurement yields larger
gender differences than multi-content measurement (Hyde,
2005).

The M-KIT responds to this at the level of the model itself,
through a modular design that operationalizes two distinct—and
often conflated—definitions of fairness. The first core-focused
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module samples three high-g-loading tasks spanning verbal,
numerical, and figural reasoning. Its rationale is validity-driven:
by representing the construct across multiple content domains
rather than a single format, it broadens construct representation
so that the shared, content-general variance (gf) is what the
composite captures, while content-linked variance—including the
visuo-spatial demands specific to figural material—is diluted
rather than allowed to masquerade as ability. On this logic, any
narrowing of the gender gap is the diagnostic signature that
construct-irrelevant variance has been removed. The second
module complements the first with three additional, lower-g-
loading tasks selected so that formats showing a small male
advantage are offset by formats showing a small female advantage
or none, yielding a balanced overall score. This second
configuration pursues fairness in the distinct sense of minimizing
mean group differences directly, at the level of the composite. The
two modules thus embody two different answers to the question
“what would make this test fair?”—the elimination of construct-
irrelevant variance versus the equalization of outcomes—and it is
worth being explicit that these are not the same commitment.

The task format (Table 1, Recommendation 9). Where the
model level fixes what is measured, the format level fixes how and
thereby determines which construct-irrelevant demands a task
imposes on the test taker. Performance differences on conven-
tional figural matrices are partly attributable to mental rotation
and visuo-spatial processing—capacities shaped by experience
and socialization rather than by fluid reasoning itself (Kheloui
et al., 2023; Niileksela et al., 2013)—so that a figural item can
require of the test taker something over and above the inference
the construct is meant to capture. The M-KIT retains figural
stimuli, which are efficient and highly g-loaded, but redesigns the
format to strip out that surplus demand: in place of systematically
varied geometric figures that must be mentally manipulated
(Raven et al., 1997), it uses easily perceived pictorial content, so
that solving an item depends on sequential, rule-based inference
rather than on spatial manipulation (cf. Hegarty, 2017). The
construct is preserved, and the efficiency of the figural format is
retained; the construct-irrelevant demand is designed out. This
illustrates that broadening representation and refining formats
are complementary rather than competing strategies – the format
can be improved even within a content type that a purely model-
level analysis might have discarded.

The item level (Table 1, Recommendation 10). Only after
these higher-level decisions were fixed did Dantlgraber et al.
(2015) turn to the item level, conducting DIF analyses to detect
items that function differently across groups at equal trait levels
(Osterlind and Everson, 2009) and excluding those that favored
one gender. The item level is the least powerful of the three levers,
precisely because the decisions taken at the model and format
levels have already bounded what item selection can accomplish:
DIF can remove individual biased items, but it cannot widen a
construct that was defined too narrowly or repair a format that
imposes a construct-irrelevant demand. Where such a format has
already been chosen, removing individual items yields little or no
improvement in fairness (Bazian et al., 2025). This is the same
structural point that limits the analytic tools dominating current
standards—they operate on a fixed operationalization—and it
explains why, in the M-KIT, item-level screening functions as a
final refinement of an already fair design rather than as the
mechanism by which fairness is achieved.

Discussion
In this article, we argue that psychological tests require a fairness-
centered approach from the outset—especially in organizational
contexts—to prevent systematically disadvantaging certain groupsT
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in personnel selection or development. While existing discussions
often focus on reducing bias after testing, we emphasize a “bias by
design” problem rooted in overly narrow conceptualizations of
abilities and efficiency-driven choices that ignore the multifaceted
nature of constructs (construct underrepresentation; Messick,
1989, 1995). The mechanism is not peculiar to figural matrices. It
recurs wherever a discretionary feature of the operationalization,
rather than the construct itself, determines the size of the group
difference—and it can be located at each of the three decision
levels described below. At the level of the theoretical model, for
example, sex differences in declarative knowledge vary sub-
stantially with which knowledge domains are sampled, with
women advantaged in health-related content and men in natural-
science content (Steinmayr et al., 2015); the “general” in general
knowledge conceals a content choice. At the level of the task
format, item format alone explains roughly a quarter of the
variation in gender achievement gaps across US states, with
multiple-choice formats favouring men and constructed-response
formats favoring women (Reardon et al., 2018), a pattern repli-
cated across PISA cycles and 34 countries (Shear, 2023); and time
limits inflate the male advantage in mental rotation, which is
reduced—though not eliminated—when the constraint is
removed (Maeda and Yoon, 2013). At the level of scoring,
removing the penalty for incorrect answers from Chile’s national
college entrance examination narrowed the gender gap in both
skipped questions and scores, since penalties disadvantage the
more risk-averse at equal levels of knowledge (Coffman and
Klinowski, 2020)—a design feature that alters no item content at
all. In each case, a defensible-looking default produced a group
difference that a different, equally defensible default would not
have produced. This is what we mean by bias by design, and it is
why the remedy must be located where the default is chosen.

Building on the frameworks of procedural and distributive
justice, we demonstrate that current methods for ensuring fair-
ness are inadequate when they merely replicate the same stan-
dardized procedures without considering group-specific
outcomes. Moreover, findings indicating that predictive validity
estimates of cognitive ability tests can be lower than previously
assumed (Sackett et al., 2024) underscore the need to treat fair-
ness not as a trade-off for validity but as integral to it. Therefore,
our approach includes recommendations for developing gender-
sensitive tests, guided by the Gendered Innovations approach, to
highlight how genuinely valid assessment tools must also be fair—
enhancing both the ethical and practical dimensions of personnel
selection. A recent study examined whether selecting specific
items from existing cognitive ability tests—those with lower
group mean differences—could reduce bias between ethnic sub-
groups (Bazian et al., 2025). However, the study found no con-
vincing evidence supporting this approach, questioning its
effectiveness in creating a fairer test after initial item construction
and administration. This indicates the need for including gender
and fairness aspects much earlier in psychological test develop-
ment for selection processes than the stage of analysis. To inte-
grate gender dimensions earlier in the research process, we
referred to the Gendered Innovations approach as a social-
constructive approach. Researchers are encouraged to compre-
hensively reflect upon their own presumptions when building the
theoretical framework and test material in psychological testing.

An illustrative example of how the Gender Innovations
approach can be applied to psychological testing is the M-KIT
(Dantlgraber et al., 2015). Here, the authors provide a compre-
hensive assessment of gender fairness, rooting out the underlying
theoretical assumptions. Enhancing fairness considerations
beyond the test administration and item formatting can thus
provide novel theoretical insights and strengthen the psycho-
metric quality of developed tests. As outlined above, guidelines

for reporting and administering tests are already quite elaborate
(Jonson et al., 2019). Thus, we specifically focus on the funda-
mental assumptions that guide developers and integrate practices
of the Gendered Innovations approach.

Introducing best practices for integrating fairness perspectives
in cognitive ability tests. Even though the measure by Dantl-
graber et al. (2015) set an important precedent for gender-
sensitive cognitive ability tests over a decade ago, to our knowl-
edge, no cognitive ability test developed with gender fairness as an
explicit design principle has followed in the years since, high-
lighting both the continued relevance of this instrument and the
urgent need for further test development efforts in this space. The
model and task format level in their fairness approach rethinks
established theories of intelligence, thus enabling more nuanced
assessment of gender fairness. Past guidelines overtly address the
item level of the final developed tests. Changes at this stage may
have less influence on gender fairness, as the greater bias origi-
nates from the theoretical foundation of tests.

As shown by Jonson et al. (2019) and also discussed by
Dantlgraber et al. (2015), past tests rarely provide compelling
evidence when it comes to fairness aspects in their test
construction and administration. Often, established instruments
rely on reliability assessments or refer to separate norms for men
and women, lacking validity indices or more elaborate analysis
steps as described above. When practitioners rely on norm values
for men and women, problems arise as the test performance and
decisions of individuals (e.g., applicants) are no longer indepen-
dent of the applicant’s gender, threatening equal treatment of
men and women. Thus, the M-KIT offers a more holistic
approach. The underlying model rethinks concepts of fairness in
theoretical foundations of test development, starting not at the
developed product but at the underlying concepts and assump-
tions of intelligence, its assessment, and gender fairness. In
Table 1, we derive best practices based on the above elaborations
on integrating fairness perspectives in psychological test devel-
opment for applied settings.

Utilizing these recommendations to rethink concepts and
theories on a theoretical level (which cognitive abilities do we
want to assess with which test material?) and on a methodological
level (which quality criteria guide our research designs?) enables a
more elaborate evaluation of fairness in psychological test
development. These initial steps influence the hypotheses,
methodology, test material, data collection, data analysis, and
finally the test scores derived in application settings and decisions
on human biographies.

Limitations. Our argument is nonetheless subject to several
limitations. Wherever a construct is defined and operationalized,
design-stage assumptions can encode a gendered default. While
the presented guidelines emphasize fairness in cognitive ability
testing, it is important to acknowledge the domain-specific nature
of our example. Cognitive ability tests, especially those assessing
fluid intelligence, allow for a relatively high degree of freedom in
item and task design. This flexibility facilitates the development of
theoretically grounded and fairness-sensitive assessments. How-
ever, such flexibility may not be equally available in other psy-
chological measurement domains. For instance, in vocational
interest inventories, attempts to optimize gender fairness via
item-level DIF reduction can lead to unintended shifts in con-
struct validity (Wetzel and Hell, 2013). For example, the “rea-
listic” interest domain of the RIASEC model (Holland, 1997)
predominantly features items related to manual labor and the use
of tools and machines, which are typically endorsed by men. To
better reflect the experiences of both men and women, this
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domain should include a broader spectrum of activities such as
gardening or cooking and additionally incorporate tasks that
utilize tools and machines to enhance healthcare or address
environmental issues (Einarsdottir and Rounds, 2009). However,
this approach would alter the established definition of “realistic”
interests. This raises questions about whether fairness-driven item
adjustments might compromise construct coherence, suggesting a
need for domain-specific fairness strategies that are sensitive to
construct integrity. Additionally, this example as well represents a
potentially biased conceptualization of the “realistic” interest
domain and strengthens our case for considering fairness on the
level of theory and constructs. Situational judgement tests are
instructive in a different way: gender differences are small and,
where present, tend to favour women, whereas ethnic subgroup
differences grow with the cognitive loading of the test (Bardach
et al., 2021; Herde et al., 2020; Whetzel et al., 2008). That mod-
eration is itself evidence for our argument, since the magnitude of
the group difference tracks how the construct is operationalized
rather than the attribute it is meant to capture. Our imperative to
address fairness at the earliest stage of instrument development
therefore extends beyond cognitive ability testing, even though we
develop it here for that case.

A second limitation concerns the treatment of gender within our
framework. Throughout this article, gender is operationalized as a
binary variable (men/women), which reflects common practice in
psychological testing and the current availability of normative data.
However, this binary view excludes individuals identifying as
nonbinary, gender-diverse, or “divers” (as categorized in some
German data collections). Given the increasing recognition of gender
diversity, future test development and validation processes must
account for these identities to ensure inclusive and fair assessment
practices (Kheloui et al., 2023). This presents methodological and
practical challenges, particularly due to the underrepresentation of
these groups in most empirical samples, which can hinder robust
subgroup analyses and DIF testing. Addressing this limitation
requires both theoretical refinement of gender constructs and
intentional oversampling strategies in test standardization efforts.

A further limitation concerns our reliance on a single,
established instrument as the primary illustration. The M-KIT
was published in 2015, and its construction principles were
documented at that time; we therefore do not offer it as a novel
instrument or as new empirical evidence, and structuring the
argument around one example inevitably narrows the demon-
stration and risks reading as advocacy for a particular test. We use
it instead as a worked example of design-stage fairness reasoning
—a rare case in practice and, to our knowledge, among the first
cognitive ability manuals in the German-speaking context to
include an explicit gender-fairness chapter and a hierarchical
fairness-decision model. The intended contribution is not the
instrument, but the transferable design principles abstracted from
it through the Gendered Innovations framework (Table 1), which
this example makes concrete without exhausting. Future work
should demonstrate these principles across additional instru-
ments and constructs, both to establish their generality and to
reduce dependence on any single exemplar.

Conclusion
In sum, we contend that truly fair psychological tests—especially
those used for high-stakes decisions in education and personnel
selection—cannot be achieved solely through standardized admin-
istration or post-hoc statistical assessments or adjustments. Instead,
fairness must be built into every layer of test development, from the
theoretical foundations that define what we measure, to the task
formats that determine how we measure it, down to the individual
items that compose each scale. Drawing on the Gendered

Innovations framework and the case of the M-KIT, we have
demonstrated how a constructivist, gender–sensitive approach can
broaden construct representation, question default assumptions,
and balance both procedural and distributive fairness. By integrat-
ing gender considerations early—rethinking models of fluid intel-
ligence, diversifying content domains, and rigorously screening for
DIF—test developers can create more excellent instruments that not
only predict performance but do so equitably across all groups.

Looking forward, we urge test-makers and standard-setting
bodies to adopt comprehensive, interdisciplinary guidelines that
elevate fairness to the same status as reliability and validity.
Future research should extend this approach to nonbinary and
intersectional identities, as well as to psychological test domains
where theoretical flexibility is more constrained. Ultimately,
fairness is not a trade-off against validity; it is an essential facet of
it. Only by embedding fairness at the very heart of test theory,
design, and documentation can we ensure that psychological
assessments serve as tools of opportunity rather than instruments
of inadvertent exclusion.

Data availability
No datasets were generated or analysed during the current study.
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Notes
1 Our constructivist framing concerns the choice of operationalization – which
construct facets are represented, and through which stimuli – not the measurement
model applied thereafter, and it does not deny that individual differences in fluid
intelligence are real. The point in fact follows from classical test theory: the true score
is defined as the expected observed score over replications of a given test (Lord and
Novick, 1968) and is therefore procedure-relative rather than instrument-independent;
equating it with the construct is a recognized error (Borsboom and Mellenbergh,
2002). A true score on a figural-only test corresponds to expected figural-reasoning
performance, not fluid intelligence.

2 Other forms of justice, such as informational and interpersonal justice (Colquitt et al.,
2001), have been identified within the perceived justice literature. In this paper, we
chose to only focus on procedural and distributive justice as other forms of justice are
not relevant to the issues discussed here (Kane, 2010).
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