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Technology has become an indispensable tool for educa-
tional and psychological assessment in today’s world
(Goldhammer et al.,, 2019). Digital assessments facilitate
the creation of new types of stimuli and response formats
that were out of reach for assessments using paper; for
instance, interactive simulations may include multimedia
elements, as well as virtual or augmented realities (Cipresso
et al., 2018; de-Juan-Ripoll et al., 2018). These types of
assessments also allow for widening the construct coverage
in an assessment, for instance, through stimulating and
making visible specific problem-solving strategies that
represent new forms of problem-solving (Han et al., 2019).
Correspondingly, simulation-based assessment tools that
authentically represent certain aspects of reality but remain
subject to the control of users (researchers and practitioners)
have long been proposed to bridge the gap between labora-
tory and field assessment (Brehmer & Dorner, 1993).

Indeed, simulations have proven to be potent tools in
assessment and training across many different domains
(Chernikova et al., 2020), with a primary contribution to
the assessment’s realism and ecological validity. Unlike
more traditional assessment instruments, simulations often
emulate real-world problem-solving scenarios attempting to
capture highly complex abilities such as medical reasoning
(Schuwirth & van der Vleuten, 2003) or diagnostic compe-
tencies (Chernikova et al., 2020). Striving for authentic sim-
ulations harbors the danger of losing focus of the intended
construct by introducing additional challenges that require
different competencies to solve the problems posed by
the simulations, such as handling the interface or, more
generally, competencies that are not construct-relevant
but rather relate to, for instance, human-computer interac-
tion. In other words, the authenticity of a simulation may
add systematic variance to the measure that is not neces-
sarily due to the intended construct.
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In this Editorial, we encourage researchers to develop
complex simulations to assess novel and exciting con-
structs without losing track of their targeted constructs
when designing authentic simulations (Greiff, 2017). We
will also focus on the pervasive difficulty of adequate con-
sideration of participants’ previous knowledge in measures
of ability (such as general or domain-specific problem
solving).

The Interplay Between Knowledge
and Ability in Simulations

To illustrate the interplay between knowledge and ability in
simulations, take this example. A highly domain-general
simulation might ask a participant to determine the relation
between a set of fictional drugs and some fictional diseases
by interacting with the simulation (see, e.g., Greiff et al.,
2015). In this case, medical knowledge does not help suc-
ceed in the task, as all features are fictional. However, crit-
ics could affirm that such a simulation is not authentic
enough - and it would be effortlessly possible to shift this
simulation toward an authentic medical scenario in which
the names of drugs and diseases and their relations present
realistic cases (see, e.g., Drews et al., 2006). In this case,
the construct assessed would shift from domain-general
reasoning to domain-specific (medical) reasoning.

Suppose the task becomes maximally realistic and requires
expert knowledge to be solved. In that case, it will also assess
specific domain knowledge rather than a latent problem-sol-
ving ability (e.g., it will implicitly contain a measure of med-
ical knowledge on a specific topic). This interaction between
knowledge, ability, and problem-solving performance
has been described in the Elshout-Raaheim-Hypothesis
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(Elshout, 1987; Raaheim, 1988; see also Leutner, 2002;
Weise et al., 2020). The hypothesis describes a non-linear
moderation of the relation between ability and performance
by applicable knowledge. If a participant knows how to solve
the problem in a simulation, the problem becomes a mere
task and does not require any ability.

On the other hand, if the participant does not have suffi-
cient knowledge to interact with the problem, they have no
opportunity to use their ability (i.e., mere guessing). In the
example introduced above, the same simulation could be
trivial to a medical expert but virtually unsolvable to a
novice. Therefore, a simulation intended to assess any
latent ability should require just enough domain knowledge
so the target population will interact systematically with the
simulation without knowing the correct solution at the sim-
ulation’s onset.

What Is Measured?

Making sure the simulation assesses the intended construct
requires careful item construction. The principles we want
to stress in this Editorial are not unique to simulation-based
assessment (see Ziegler, 2014) but become particularly
apparent in these cases where validity and authenticity
need to be balanced. In particular, we want to focus on four
aspects of assessment development: (1) clear definitions of
the targeted construct and (2) the targeted population as
well as (3) theoretical considerations of adequate difficulty,
and (4) required number of simulations.

First, there should be a clear definition of the construct
the assessment intends to measure. This call for the defini-
tion of constructs may seem trivial, but many simulations
prioritize authentic representation of real-life problem sce-
narios over psychometric quality and psychological theory
(Codreanu et al., 2020; Schuwirth & van der Vleuten,
2003). Next to a theoretical description of the construct
itself should entail a description of the construct’s nomolog-
ical network (i.e., the construct’s relation to observables and
different theoretical constructs; Cronabch & Meehl, 1955).
For research on simulations submitted to EJPA, we expect
a concise definition of the construct, as with all research
submitted to EJPA, but will specifically focus on the
trade-off between authenticity and validity.

Second, because of the non-linear interaction between
domain knowledge, ability, and problem-solving perfor-
mance described above, the target population needs to be
clearly defined regarding their expected level of domain
knowledge. The intended target population is, thus, closely
linked to the intended use of the simulation (Ziegler, 2014).
A simulation that provides a good assessment for novices
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may not apply to experts or vice versa. When submitting
research to EJPA, please state the intended use of your sim-
ulation, the target population, and potential issues with
using the simulation outside of the target population. It
should also be evident that the samples used to construct
the test must be derived from the targeted population.
Third, the concept of adequacy for the target population
leads directly to the question of item difficulty. Ideally,
researchers have a theoretical model of what features of
their items influence difficulty (Gierl & Haladyna, 2012).
This model should include domain-specific aspects in a sim-
ulation emulating real-world problem-solving scenarios
such as domain knowledge and domain-general aspects
(Schuwirth & van der Vleuten, 2003). These features of sim-
ulations are theoretically orthogonal as it is possible to make
a problem more difficult by increasing domain-specific fea-
tures independently of domain-general features. Applied to
the example of the medical simulation introduced above,
the difficulty could be increased by using rare or specific dis-
eases (Norman et al., 2006) or by adding complexity by
increasing the number of variables to consider or the
dynamics of the simulation (e.g., Stadler et al., 2016). These
features are generally independent of each other, and
researchers should theoretically describe their contribution
to task difficulty before constructing the simulations. A suf-
ficiently elaborated theoretical model can be tested empiri-
cally using item-response approaches such as the linear
logistic test model (Kubinger, 2009). Not every submission
of simulation-based assessment to EJPA will need to provide
empirical tests of the underlying item model. However,
there should be theoretical considerations as to what fea-
tures of the simulation contribute to item difficulty and
some reasoning as to why the exact set of simulations was
chosen beyond authentic content. Finally, testing a theoret-
ical model of the impact had by the features of a simulation
on item difficulty requires employing a whole set of system-
atically constructed simulations that assess the same ability,
which leads to the final aspect that we want to emphasize:
the required amount of different (and at least somewhat
independent) simulations in an assessment. This is another
trade-off situation in which validity can easily be overshad-
owed by convenience. Developing authentic simulations is
often very laborious and costly for the test developer, and
complex simulations may also take test-takers more time
to complete. For these reasons, researchers are often limited
in the number of simulations they can include in their
assessment. It is essential to consider that each simulation
represents a single item in a test providing just a single indi-
cator of the latent ability of interest. Even if multiple behav-
ior indicators are extracted from a simulation, these are
highly interdependent. The dependency should be
accounted for statistically by applying hierarchical models
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(e.g., von Davier et al., 2017) or aggregating all indicators to
a single performance score.

Using a small number of simulations (or even just a sin-
gle simulation) to assess a latent construct may lead to
unreliable results. Especially highly context-rich simulations
are likely to have considerable measurement error. The
contexts of the various simulations will trigger different
expectations in participants resulting in different answering
behaviors and differential item functioning (Holland &
Wainer, 2012). Examples for this are plentiful in the early
days of assessing complex problem solving using simula-
tions (Stadler et al., 2015). These first simulations emulated
very complex problems (such as running a whole town)
consisting of hundreds of variables and requiring multiple
days of testing (Doerner, 1980). Correspondingly, they
employed only one unique simulation with questionable
psychometric quality (SifS et al., 1993).

In deciding how many simulations to use for an assess-
ment, we encourage researchers to apply the same criteria
as any other psychometric measure. In line with the previ-
ous statements on simulation difficulty, this also includes
an adequate distribution of difficulty across the assessment
to allow for discrimination between groups of low, average,
and high performers (Greiff et al., 2015). For every submis-
sion to EJPA, we will critically evaluate whether the authors
provide convincing arguments for the length of their assess-
ment instrument.

Conclusion

Simulations allow researchers to assess essential abilities
under authentic conditions vyielding the potential to
increase, among other, construct coverage. Moreover, the
complexity of some abilities (such as complex or collabora-
tive problem solving) cannot be realized at all without sim-
ulations. In this Editorial, we want to encourage authors to
continue exploring the use of simulations as assessment
tools but also make them aware of potential pitfalls that
come with them. Most importantly, researchers need to
adhere to the standards of psychometric quality when
using simulations in assessment. Suppose the simulation
requires too much time or is too costly to employ sufficient
different simulations for an acceptably reliable measure-
ment, it may not be the adequate approach to measure
the intended construct. However, if researchers use simula-
tions appropriately, they represent potent tools that allow
for deep insights into psychological processes that are not
accessible to psychometric assessment. So please submit
your research on simulations in assessment to EJPA, includ-
ing adequate sections on all four issues raised in this
Editorial.
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