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Some Critical Reflections on the Special Issue: Current Innovations in Computer-Based
Assessments

Introduction
Technology and computers change and penetrate our lives to an extent that was unthinkable
30 years ago, and it is the mission of Computers in Human Behavior to advance our
knowledge on how humans interact with, make use of, and are influenced by computers. The
nine papers in this special issue “Current Innovations in Computer-Based Assessment” reflect
the innovations and advances computers have brought to the ways we assess psychological
attributes of a variety of populations including primary and secondary students, students in
higher education, or adults in the work force.
This special issue covers four broad areas within the field of computer-based
assessment (CBA): Assessment of new constructs or widening the assessment of existing
constructs; use of log-file and multi-channel data; psychometric models and experiments that
inform the measurement of complex skills and task construction; integration of assessment
and learning. Obviously, these areas are neither representative in and by themselves, nor are
they comprehensively and fully covered within this limited selection of nine papers. Even
more importantly, the results reported in the contributions of this special issue do not
represent a final destination, but are an intermediate step on a long journey to our
understanding of computer-based assessment in which we are only making the first steps. In
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this discussion, we, as the guest editors of this special issue, highlight some points that we
consider paramount to the development of the field and that might require close attention in
the near future, namely: (1) Application across psychological sub-disciplines; (2) Adequate
methodological approaches; (3) Theoretical and empirical foundation and validation;
(4) Integration of assessment and learning, stealth assessment, and modern test design; and
(5) Establishing CBA-specific, cognitive theory.

Application Across Psychological Sub-Disciplines
Assessments in one form or the other are relevant to virtually all sub-disciplines of
psychology in that they are: the foundation of diagnosis and treatment in clinical psychology;
used to identify gifted and special-needs students in education; widely employed in personnel
selection and human resource development; and at the very heart of personality research and,
in fact, any research on the human intellect. Interestingly, the use of CBAs as tool of
innovation differs substantially across sub-disciplines: Educational psychology currently
experiences a comprehensive shift toward CBAs that includes innovative item formats and
advanced scoring procedures. This is also reflected in international large-scale assessments
such as the Programme for International Student Assessment (PISA), in which innovative
assessments have been implemented in over 50 countries and have found their way into
widely perceived policy reports (OECD, 2014). In other areas, computer-based tools are used
but with a smaller focus on assessment. For instance, complex simulations are used in

DISCUSSION ON CURRENT INNOVATIONS IN CBA

4

industry contexts to increase safety (Kluge, Badura, & Rietz, 2013) and computer-based
therapy is successfully offered to patients suffering from anxiety or depression (Ebert et al.,
2015). Other areas use the computer only as an easier and more efficient tool to administer
isomorphic adaptations of paper-and-pencil assessments, largely ignoring the potential
computers offer as new tools to understand the very nature of assessment. The papers in this
special issue also mirror the high prevalence of contributions in the field of educational
psychology, but the innovations and the potential does not exclusively apply to a single or
very few sub-disciplines. In fact, now emerging methods such as ambulatory assessment
(Santaneglo, Bohus, & Ebner-Primer, 2014) and the wealth of additional information, for
instance on test-taking processes, found in CBAs (Greiff, Niepel, Scherer, & Martin, 2016)
are of relevance across sub-disciplines. However, this relevance is in stark contrast to the
actual extent to which the potential of CBAs is exploited in some sub-disciplines. We
consider the exploitation and integration of CBAs as a crucial development in the field over
the next years and would welcome more contributions that provide integrations to other areas
and that are not primarily or exclusively focused on educational psychology.

Adequate Methodological Approaches
Compared to standard paper-and-pencil assessment instruments, CBAs differ on
several aspects. One of the most obvious differences is that CBAs offer rich data sets not only
on performance (i.e., the correctness of responses), but also on the (observable) steps taken
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towards problem solutions (e.g., test-taking behavior). Given that multiple pieces of
information are available for a single task (e.g., correctness of response, response time,
sequence of activities), these data sources are usually nested within the tasks. This is not the
case in paper-and-pencil assessments and, importantly, does not fit the frame of classical
methodological approaches that assume independence between pieces of information. That is,
the different modalities and the availability of log-file data that contain considerably more
information than merely the correctness of an answer, including information on the number
of mouse clicks and interactions, timing, and sometimes even eye movement, audio and
video, cannot be handled within classical psychometric models; for example, what is clicked
on by a learner or where (s)he is looking (i.e., her/his eye movements) is not independent of
the answer that a person may have given and/or its correctness. Also, collaborative scenarios
in which long sequences of actions are scored (von Davier, 2017) cannot be adequately
integrated within more standard methodological approaches. Hence, more complex
psychometric approaches are needed to describe the underlying (unobservable) constructs and
these approaches need to take into account the complex interactions between students and
task that take place and that often are considered an integral part of CBAs.
Research on methodology has made some headway over the last decade in providing
suitable methods for the complex data patterns usually found in CBAs, such as response
time-item response theory models (van der Linden, 2009) and data mining procedures (Baker,
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Martin, & Rossi, 2017), to name a few. Indeed, some contributions in this special issue tackle
this topic, but there is still a long way to go until a comprehensive set of methods that can be
adequately applied to the wealth of data from CBAs is available – both on a substantivemethodological and on a pragmatic-implementation basis.

Theoretical and Empirical Foundation and Validation
Despite the danger of stating the obvious, CBAs of psychological attributes require
strong conceptual and empirical evidence regarding the psychological target construct, and
this evidence cannot be inferred from other, non-CBA instruments. Put differently,
developing items for CBAs, particularly when these items are complex and innovative, must
be accompanied by evidence on the link between what they actually measure and what the
assessment perpetuates, that is evidence on the validity of the assessment instrument, which
is at the very heart of every measure. There are multiple approaches of how such evidence
can be obtained including studies of student cognitive protocols, item and test performance,
test-taking behavior based on log files, match between student learning and classroom
instruction, and so forth (cf. Greiff & Iliescu, 2017; Pellegrino, DiBello, & Goldman, 2016).
Of note, there has been a long and intensive discussion about how the mere transfer from a
paper-and-pencil version of a test to a computer-based version of a test might change the
underlying construct and the meaning of the scores (Mead & Drasgow, 1993). Obviously, this
holds even more so for assessments that integrate multiple data channels, contain innovative
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item formats, or make use of log files. That is, the danger of any innovative technology is that
the mere drive for innovation supersedes content and quality and, in this, muddies the clarity
of the variables assessed. We consider it a threat to the validity of CBAs if the development
of them is mainly driven by technological invention that will lead to pragmatic solutions
without the necessary level of substantiation.

Integration of Assessment and Learning, Stealth Assessment, and Modern Test Design
Since the advent of computers, integration of assessment and learning within a single
activity that serves two purposes has been highlighted as one, if not the major asset of the
new technology (Williamson, Mislevy, & Bejar, 2006). Usually, assessment of learning (i.e.,
summative assessment) and assessment for learning (i.e., formative assessment) are
distinguished in this context (for a recent overview on the benefit and the effectiveness of
CBA for learning purposes consult Shute & Rahimi, 2017). The idea behind the drive for
integration between the two is that in learning environments - mostly in the field of education
and educational psychology - assessment could take place simultaneously with learning,
possibly without the test taker even noticing (Shute & Ventura, 2013; Shute, Wang, Greiff,
Zhao, & Moore, 2016). While this idea is very appealing, there are also good reasons why
learning and assessment are kept apart. For instance, the theoretical frameworks for learning
on the one hand and assessment on the other hand, in particular regarding some of the
psychometric requirements, might not always sit well with each other and, in the end, create a
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situation in which neither learning nor assessment can be reliably captured (see also the next
discussion point). In fact, there are great intelligent tutoring systems out there that are firmly
based on theories of learning and cognitive science, but with little allusion to psychometrics
and current standards of assessment and vice versa (cf. Koedinger, Corbett, & Perfetti, 2012).
This might not be too much of an issue in situations where the assessment only serves the
overarching purpose of learning, but at the very moment students (or test-takers in general)
face any consequences in light of their performance, the soundness of the assessment
approach becomes paramount. Even further, several new questions arise regarding stealth
assessment, an evidence-centered, design-based assessment approach, in which assessments
are directly and invisibly implemented into gaming environments (Shute & Rahimi, 2017).
For instance, is it ethical and fair to score behaviors without telling students that not only
their final and/or partial answers but also their actions will be relevant to their score? The
PISA 2012 problem-solving assessment provides a good example for this: Certain behaviors
and strategies have been shown to be beneficial for successfully solving computer-simulated
complex-problem environments (Greiff, Wüstenberg, & Avvisati, 2015). However, students
are only instructed to explore the problem situation, but are not told that their strategy is also
scored. A second example taps the development of assessments “on the spot”: Using modern
test design techniques and drawing from the psychometric advances of computer adaptive
testing, tests can be individually tailored to test takers to increase the accuracy and efficiency
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of measurement (Zenisky & Luecht, 2016). At the same time, these approaches are based on
test-takers’ data that are extracted from their performance on a set of items. Two issues arise:
First, once again, these data are evaluated implicitly, that is, without letting the test taker
know. Second, test results and designs might no longer be fully comparable across students
(e.g., due to different test lengths and items taken by different students), thus questioning test
fairness. Again, this might be acceptable if the stakes are low for the students (e.g., in purely
research-driven endeavors); yet, the moment there are practical implications the question of
fairness arises. So, while we agree on the general potential of integrating learning and
assessment in computer-based environments, this idea also faces potentially serious adverse
effects, which do not always receive the attention they deserve or are shoved too easily aside.

Establishing CBA-Specific Cognitive Theory
Computers have sparked an entire new era of tools not only targeted at assessment,
but also targeted at learning and instruction. Developments in the field of learning and
instruction have been firmly based into theories on multimedia learning such as the cognitive
theory of multimedia learning (CTMML; Mayer, 2005). Put differently, the way multimedia
tools for learning and instruction are designed and how they are used is driven by evidencebased theory and research on design principles. However, this is not the case for CBA.
Kirschner, Park, Malone, and Jarodzka (2016) argue that a comparable development has yet
to take place in the field of CBA and for the type of tools and design principles that are
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(implicitly or explicitly) implemented into computer-delivered assessment tools. In fact,
multimedia learning tools and the theory that underlies them have repeatedly shown how
relevant design principles are for learning, for instance when it comes to the different types of
cognitive load that a learning task might place on students (Plass, Moreno, & Brünken, 2010).
Kirschner and colleagues highlight that it is not possible to draw direct inferences from
theories motivated by a learning perspective to the multimedia elements employed in CBA.
Indeed, CBAs need their own cognitive theory that informs the design and the use of these
instruments, for instance to keep balanced the different kinds of cognitive demands, and this
holds for both the assessment of and the assessment for learning. From our point of view, we
currently know way too little about how multimedia in a very general sense impacts - and
sometimes maybe even threatens - the assessment process and its validity. Thus, there is a
rather urgent need for an integrated and comprehensive theoretical foundation that drives the
design and the setup of CBAs and provides guidance for the entire process of developing,
employing, interpreting, and making use of computer-delivered assessment instruments.

Conclusion
This discussion is meant to be a critical piece. The quality of the contributions to this
special issue speak for itself, and there is no need to praise them any further here.
Nevertheless, there is a need to point out that the field suffers from some blind spots, and that
much work remains to be done. There is arguably a rather broad agreement that the field of
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CBA is both an important and an interesting one, but its current state could be compared to
complicated neuro-degenerative diseases such as dementia: While medical scientists slowly
begin to understand the underlying mechanisms, there is hardly anything that can be done at
bedside. Similarly, scientists – and this special issue is a great example of this current state –
begin to understand the mechanisms and the potential underlying CBA, but broader
applications and larger exploitation are still some distance away. This, however, is by no
means meant as a discouragement but rather an encouragement to the field, and some big
leaps as well as steady development are likely to continue throughout the near future. We
conclude with the hope that this special issue serves as food for thought and inspiration to
you and your research, both in terms of which important knowledge has already been
established and which areas deserve further attention.
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