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ABSTRACT

In this article, we reviewed the nine studies included in a special issue that addresses the assessment and
evaluation of simulation-based learning in higher education and professional training. We discussed the results of
each study, integrated them in terms of their individual and collective contributions to evaluating the effec-
tiveness of simulation-based learning, and related the studies’ results to the presage, process, and product factors
of simulation-based learning. We concluded that research on simulation-based learning can benefit from
employing a variety of methodological approaches and venturing beyond its primary focus on cognitive pro-
cesses and outcomes to analyze the different types of process indicators and learning outcomes. Moreover, we
identified a promising direction for future research: the selection and adjustment of representations of practice
included in simulations by means of representational scaffolding. By proceeding with increasingly detailed an-
alyses of simulation-based learning, research can further advance our understanding of the relevant learning

mechanisms.

1. Simulations in higher education and professional training

Simulation-based learning has been gaining increasing attention
from both research and instructional design concerned with learning
opportunities for higher education and professional training in various
professional domains (Chernikova et al., 2020). This special issue aims
to consolidate research on the design, use, and effectiveness of
simulation-based learning, presenting nine contributions to the assess-
ment and evaluation of simulation-based learning in vocational educa-
tion, higher education, and professional training in a broad range of
disciplines and professions: medical education, mountain rescue, busi-
ness informatics, political decision-making, automotive mechatronics,
and marine navigation.

In our commentary on this special issue, we aim to discuss the in-
dividual and collective accomplishments of the contributions and
highlight future research directions. First, we will refer to the intro-
duction of Duchatelet et al. (2022) on the assessment and evaluation of
simulation-based learning in higher education and professional training.
Proceeding from their perspective on the benefits of an educational

evaluation of simulation-based learning, we will summarize and discuss
the nine papers and highlight their individual contributions regarding
what, why, and how participants learn in simulations in the contexts of
higher education and professional training. Finally, we discuss the
overarching trends in researching educational simulations and suggest
directions for future research.

2. Educational evaluation of simulation-based learning

In their introduction to this special issue, Duchatelet et al. (2022)
discuss the difference between two perspectives—educational assess-
ment and educational evaluation—on the effectiveness of
simulation-based learning in higher education and professional training.
They highlight that the assessment perspective mostly focuses on
learning outcomes—that is, the product of simulation-based learning
(see Mislevy, 2013). In contrast, the evaluation perspective aims to
consider the underlying mechanisms and processes that make the
simulation more or less effective (see Coldwell & Maxwell, 2018; Doring
& Bortz, 2016). To illustrate the factors that might need to be considered
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in a comprehensive perspective to evaluate the effectiveness of simula-
tions, Duchatelet et al. (2022) refer to the 3P-model introduced by Biggs
(1993; adapted by Tynjala, 2013) and tailor it to the context of
simulation-based learning (see Fig. 1; for a similar model, see also
Heitzmann et al., 2019).

The 3P-model relates to the idea of educational evaluation going
beyond assessing only the product (i.e., outcome) of learning and, in
addition, considers the learning process and presage (i.e., input) factors.
In both educational assessment and educational evaluation, the product
factors refer to the learners’ achievements concerning predefined
learning outcomes. To more comprehensively evaluate simulations, it is
important to also consider the process factors—that is, how learners
achieve certain learning outcomes. The process factors involve learning
activities and the question of whether some activities during simulation-
based learning are more effective than others. Moreover, the process
factors comprise the cognitive, metacognitive, affective, and regulative
processes that happen within the individual learners and—if applica-
ble—groups of learners during simulation-based learning. Regarding the
interactive and collaborative processes in a group of learners, aspects of
communication and other social processes are also relevant. To explain
both learning products and processes, research must consider the presage
factors and their interplay in the context of evaluating the effectiveness
of simulation-based learning. These factors can be distinguished in terms
of individual presage factors and contextual presage factors. The indi-
vidual presage factors describe a learner’s cognitive, metacognitive, af-
fective, and regulative learning prerequisites, such as their prior
knowledge and skills. The contextual presage factors comprise aspects of
the design and implementation of the simulation, ranging from setting
learning goals, defining learning tasks, creating stimulus material, and
implementing measures to support and guide the learning, such as
scaffolding the learning process (e.g., using reflection prompts) or of-
fering debriefing and other types of feedback.

By adopting the more comprehensive perspective of educational
evaluation, research on the effectiveness of simulation-based learning
can offer valuable insights into the interplay between learner charac-
teristics, characteristics of the simulation context and simulation design,
learning processes, and learning outcomes. Such comprehensiveness
might offer great value for advancing the design and implementation of
simulations, especially for contexts that demand learning complex skills,
such as higher education and professional training. We thus draw on the
idea of Duchatelet et al. (2022) to link the studies presented in this issue
to the 3P-model.

3. Contributions to this special issue

The nine contributions encompass five quantitative, one qualitative,
one methodological, and two review studies. The studies stem from
different disciplines and professions: political decision-making, moun-
tain rescue, medical education, business informatics, automotive
mechatronics, and marine navigation.

Hanus et al. (2022), in the context of professional training, assessed
voluntary mountain rescuers’ technical and non-technical skills during

Fig. 1. The 3P-model of simulation-based learning
(adapted from Biggs, 1993; Duchatelet et al., 2022; Tynjala, 2013).

simulated cardiopulmonary resuscitations (CPR). They investigated how
technical skills, non-technical skills, experience, experienced patient
deaths, and monitoring skills (i.e., individual presage factors) influence
the voluntary mountain rescuers’ resuscitation performance (i.e.,
product factors). To assess the participants’ skills and experience, this
quantitative multimethod study employed an observation form, ques-
tionnaires, and a simulation manikin. The rescuers’ technical skills of
resuscitation performance were explained by their prior experience of
real resuscitations but not simulated resuscitations. In the study sample,
unlike some prior studies from the field of medical education suggested,
the technical skills and non-technical skills did not correlate signifi-
cantly. The authors concluded that the relationship between the skills
and experience of the voluntary medical personnel differed from pre-
vious research that focused on professional medical staff. The study
results highlight that learner characteristics, such as the level of prior
training, can vary significantly—not only across individual and groups
of learners but also across (sub-)disciplines. When using simulations for
learning or assessment, it is thus relevant to be aware of the target
group’s learner characteristics (i.e., individual presage factors).

Vermeiren et al. (2022) assessed students’ self-efficacy for negoti-
ating during a four-day role-play simulation of political
decision-making. In this quantitative longitudinal survey study with
multiple measurement points across the simulation, the authors inves-
tigated how variations in higher education students’ self-efficacy for
negotiating (i.e., product factors) were explained by gender and expe-
rience (i.e., individual presage factors), as well as negotiation opportu-
nities and the preparation for the simulation process (i.e., contextual
presage factors). The variables of gender, simulation experience, and
opportunities to practice negotiation during the simulation appeared to
explain the variations in students’ self-efficacy. However, contrary to
prior research, this study did not find a significant increase in students’
self-efficacy for negotiation over time. The authors explained this
finding in terms of the simulation features of their multi-agent role-play
simulation (i.e., contextual presage factors), in which the majority of
participants indicated that they lacked opportunities to practice their
negotiation skills sufficiently and, thus, did not experience successful
negotiations. As demonstrated by this study, besides considering learner
characteristics, carefully designing the learning task and opportunities
to practice the task are also essential to achieve the expected learning
outcomes with simulations.

Duchatelet & Donche (2022) derived methodological opportunities
and challenges from applying a longitudinal case study design (i.e.,
process factors) to a role-play simulation of political decision-making
(see Vermeiren et al., 2022). Longitudinal case study designs are ad-
vantageous in that they can emphasize learning processes in specific
contexts while considering multiple sources of evidence. This study
focused on learners’ (a) negotiating performance and (b) self-efficacy for
negotiating. The sample included four students who adopted different
roles in the simulation. Six different data sources were used: a diary,
repeated interviews during the simulation, observations and field notes,
pre- and post-simulation interviews, reflection reports, and an assess-
ment form. The longitudinal case study design was found to be a



valuable research strategy for gaining insights into students’ learning
during simulations. Such a design, the authors argued, yielded insights
into the interplay of the explanatory variables for developing
self-efficacy, which are reported in a separate article (see Duchatelet
et al., 2020). However, they also identified challenges, such as choosing
a suitable sample or finding the right timing for the multiple
assessments.

Hithn & Rausch (2022) analyzed collaborative learning and emo-
tions in a three-day digital simulation game concerned with general
management in higher education courses in business informatics. In this
quantitative evaluation study, six groups of four to six students learned
with the simulation, which was divided into six periods of play. After
completing the questionnaires on several individual dispositions (e.g.,
personality traits; i.e., individual presage factors), the students were
asked repeatedly to indicate their subjective evaluation of the collabo-
ration and emotional experience during each break between the six
periods of the simulation (i.e., process factors). The researchers then
assessed the in-game performance (i.e., process factors) and knowledge
outcomes (i.e., product factors). The study did not provide support for a
strong connection between the learners’ personalities and the assessed
process and product indicators. However, the results suggest that a
positive subjective evaluation of the collaboration and emotional
experience is related to higher in-game performance and self-assessed
knowledge outcomes. The authors concluded that there is a need to
organize and structure collaborative processes in simulations carefully
to support performance and knowledge acquisition.

Sellberg et al. (2022) analyzed a simulation-based competence test in
a maritime navigation course in a higher education master mariners
program. First, the learners demonstrated their navigational compe-
tences in a simulation-based competence test, in which they acted as
navigators in a navigation simulator. After, they were invited to share
their reasoning in an accountable talk, in which the teachers and stu-
dents discussed the previous performance (i.e., process factors). This
qualitative study, which first used an ethnographic fieldwork approach
and then a videography approach, analyzed the activities of learners in
the simulation and in the accountable talk. It was found that, through
the accountable talk, simulations can contribute to students’ profes-
sional confidence and professional identity. The authors conclude that
focusing on accountable dialogue offers the potential to further exploit
the benefits of simulations as assessment and learning environments. In
such dialogues, teachers rely on assessment criteria while still support-
ing students’ learning and professional identity (i.e., product factors).

Soellner et al. (2022) analyzed the effects of first-person-view videos
as a feedback method (i.e., contextual presage factor) on the CPR per-
formance and team performance (i.e., product factor) in a resuscitation
simulation in medical education. In this quantitative experimental
study, final-year medical students in teams of four participated in a
scenario-based simulation that used simulation manikins. Their perfor-
mance was recorded using head-mounted cameras. In the experimental
group, the students watched a video in first-person-view immediately
before the debriefing session. The control group had a longer
instructor-led debriefing session. Both groups were found to improve
their CPR performance and their team performance from pre- to
post-test. However, when comparing the groups, no significant differ-
ence in the CPR performance score was found. The authors concluded
that including first-person-view videos is feasible in simulation-based
courses in medical education. However, compared to a longer debrief-
ing session, there seemed to be no direct benefit for the learning out-
comes. This was possibly because the longer debriefing session itself had
positive effects as well. To fully use the potential of first-person-view
videos, their instructional embeddedness thus seems crucial.

Meier et al. (2022) developed and evaluated a simulation-based
learning environment with modeling examples (i.e., contextual pres-
age factor) for the vocational education of automotive mechatronic
technicians. In the digital simulation, the apprentices received modeling
examples concerned with complex car malfunctions. An expert survey

reviewed the instructional materials. Then, after slight adaptations
suggested by a pilot study, an evaluation study was conducted. The
participants received an instructional video and modeling examples. It
was found that the simulation promoted diagnostic knowledge and
scaffolded diagnostic skills. The perceived extraneous load was rela-
tively low. However, the participants were found to be unable to transfer
their knowledge to another diagnosis in the simulation (i.e., product
factor). The authors concluded that the learners were still overwhelmed
by the task of diagnosing complex car malfunctions and would have
benefited from further scaffolding. Moreover, both interest in the diag-
nosis but also perceptions of the diagnosis as being challenging
decreased. The authors highlighted a substantial variation in the moti-
vational factors in the sample, which must be investigated in further
studies, and offered ideas for slight modifications that might further
increase the effectiveness of the learning environment, such as providing
further scaffolding.

Braunstein et al. (2022) developed a five-level taxonomy on social
embedding in learning environments (i.e., contextual presage factor): 1)
social placement, 2) social action, 3) social reaction, 4) social interac-
tion, and 5) collaborative interaction. The authors conducted a sys-
tematic review, categorizing virtual learning simulations—an
exclusively digital format in which reality is replicated as closely as
possible—in vocational and professional learning according to the tax-
onomy. In the systematic literature review, 23 studies were identified.
The sample encompassed studies from different fields, such as eco-
nomics or healthcare. In five simulations, a fictitious person approached
the learners with a task (i.e., social action). In nine simulations, the
learners had to approach others (i.e., social reaction). In five simula-
tions, the learners had the opportunity to ask for feedback or request
help (i.e., social interaction). In four simulations, the learners collabo-
rated to solve the given task (i.e., collaborative interaction). The authors
concluded that the taxonomy can be used for analyzing and designing
learning tasks as well as the technical environment of virtual learning
simulations. Most simulations were identified in the review as having a
relatively high level of social embedding. In addition, the authors
generally recommend increasing the level of social embedding to further
increase the immersive dimension of virtual learning simulations.

Hofmann et al. (2021) analyzed three key non-technical
skills—teamwork, communication, and decision-making—in
simulation-based learning in medical education. Using a scoping review,
the study addressed the current lack of robust outcome measures in this
field (i.e., product factors). Using a qualitative content analysis of the UK
medical education and postgraduate curricula, the study identified
consistent definitions and operationalization of learning objectives
related to non-technical skills in medical education (i.e., contextual
presage factors). By integrating the scoping review and the qualitative
content analysis into a comparative analysis, the study identified vali-
dated assessment instruments and compared the currently used in-
struments against learning objectives in the medical education curricula.
The scoping review analyzed a final set of 72 studies and found 27 in-
struments related to non-technical skills, of which 14 were validated and
publicly accessible. Within the content analysis, 21 key learning objec-
tives were identified and used as conceptual dimensions for analyzing
the link between the currently used instruments and the learning ob-
jectives. As the comparative analysis revealed, many of the already-used
outcome measures address the curricular learning objectives. However,
not all objectives were found to be covered by the outcome measures (e.
g., the use of evidence-based reasoning). This study shows that there is
no consistent use of instruments for assessing non-technical skills in
simulations in medical education. The currently used instruments, the
authors suggest, lack a strong conceptual and methodological frame-
work, and such a framework must be established for developing effec-
tive simulations for facilitating non-technical skills in medical education
and potentially also in other fields.



4. From a status quo to a quo vadis in researching simulations
for professional education

The studies included in this special issue describe a set of different
methods for assessing and evaluating simulation-based learning. Over-
all, they exhibit a tendency to make use of multiple data types and data
sources as well as multimethod or longitudinal approaches. This might
illustrate a trend of venturing beyond investigating the effectiveness of
simulation-based learning for achieving certain learning outcomes
compared to other interventions (i.e., product factor), which is already
supported by robust evidence consolidated by meta-analyses (e.g.,
Chernikova et al., 2020; Cook, 2014; Hegland, 2017). Instead, research
increasingly seems to focus on improving the understanding of the
learning processes in simulations as well as on investigating the poten-
tial interactions between the presage, process, and product factors. As
highlighted by Hofmann et al. (2021), research is yet to generate a
sufficient evidence base to fully understand which features of the sim-
ulations maximize the effects and for which learners, which learning
objectives, and under which conditions these features do so. It thus
seems valuable to collect and analyze rich data from various data
sources (e.g., Hanus et al., 2022; Hithn & Rausch, 2022) and—especially
to investigate learners’ processing of simulations—various measure-
ment points (e.g., Duchatelet & Donche, 2022; Hiihn & Rausch, 2022;
Vermeiren et al., 2022). Moreover, the use of qualitative and ethno-
graphic methods seems to be gaining popularity as well, because they
can offer detailed insights into the processes and outcomes captured by
verbal or video data (e.g., Sellberg et al., 2022). However, at least in the
studies included in this special issue, simulation-based learning was
primarily investigated using quantitative methods and analyses. To
further improve the understanding of why, how, and under which
conditions simulations offer optimal learning benefits, future research
on simulation-based learning could consider employing diverse meth-
odological and analytical approaches.

The majority of the studies in this issue focused on cognitive pro-
cesses and outcomes of simulation-based learning. However, some of
them also considered the affective and social aspects of learning (e.g.,
Braunstein et al., 2022; Hiihn & Rausch, 2022 Vermeiren et al., 2022).
Focusing on cognitive outcomes is legitimized by the central learning
goal of professional education: to facilitate professional knowledge and
skills. However, regulative (e.g., self-regulation, self-reflection) and af-
fective outcomes (e.g., self-efficacy, motivation, interest) are also rele-
vant to professional learning (Duchatelet et al., 2022; Pintrich, 1994).
Compared to many cognitive outcomes, such as domain-specific
knowledge and skills, regulative outcomes may indicate the learning
of more generalizable skills, which are, nevertheless, important for
coping with the full complexity of professional practices (e.g., Brydges &
Butler, 2012; Virtanen et al., 2017). In addition, various affective out-
comes can be considered indicative of the development of a professional
attitude, which is an integral part of professional competence (see
Mulder et al., 2009). Also Sellberg et al. (2022) highlighted the rele-
vance of developing not only professional skills but also professional
confidence and a professional identity in the course of professional ed-
ucation. Aside from their individual relevance, regulative and affective
outcomes can facilitate learners’ situational performance and the
transfer of learned knowledge and skills. For example, as Vermeiren
et al. (2022) highlighted, self-efficacy is considered to exert positive
effects on learners’ academic achievement (Bandura, 1997; Richardson
et al., 2012). In light of this, in addition to cognitive outcomes, further
research on the effects of simulation-based learning could consider
assessing regulative and affective outcomes more systematically.

Similarly, to comprehensively understand what makes simulation-
based learning effective, the assessments of the learning processes in
simulations might benefit from considering a variety of not only
cognitive but also affective, metacognitive, regulative, and possibly so-
cial processes more often. For example, Hithn & Rausch (2022) found
that having positive emotions and a positive perception of collaboration

with other learners is related to higher performance during the simu-
lation and to higher self-assessed knowledge scores in the post-test. As
highlighted by Braunstein et al. (2022), especially social processes in
simulation-based learning seem underrepresented in current research.
However, since many professional practices involve a social dimen-
sion—such as physicians’ interactions with patients, teachers’ in-
teractions with students, or collaborations between coworkers of any
profession (see Fischer et al., in press)—social processes are a highly
relevant aspect of learning to perform these professional skills. In
addition, considering, for example, vocational education at the work-
place or the internships of higher education students, professional
learning in real professional settings involves social interactions with
trainers or more advanced professionals—who offer explanations,
modeling, and feedback—as well as social interactions with peer
learners. Therefore, future research and instruction involving simula-
tions in professional education could implement and evaluate the pro-
cesses of social interaction and collaboration more systematically (see
Braunstein et al., 2022).

Furthermore, the studies in this special issue illustrate a variety of
simulation types for employing simulation-based learning in higher
education and professional training, ranging from role-play simu-
lations—partially in combination with simulation manikins—to digital
simulations. Despite the diverse types of simulations presented in the
special issue, they generally seem to attempt to achieve high degrees of
authenticity. This is in accordance with a general emphasis on the role of
authenticity in research on simulation-based learning in professional
education (e.g., Chernikova et al., 2020; Codreanu et al., 2020). More-
over, as evidence from a meta-analysis suggests, simulations with an
overall high authenticity rating are, indeed, associated with larger effect
sizes than simulations with a lower authenticity rating; however, sim-
ulations with low authenticity ratings still have large effects that exceed
the effects of many other forms of instruction (Chernikova et al., 2020).
In addition, as some studies suggest, higher degrees of authenticity do
not necessarily make a difference in terms of the simulations’ effec-
tiveness concerning learning and the transfer of complex skills (e.g.,
Gulikers et al., 2005; Norman et al., 2012). This pattern of findings
might be explained by the different approaches taken to define
authenticity as well as the variations in the aspects of the simulation that
are characterized as authentic. Several literature reviews in medical
education suggest distinguishing between two types of authenticity:
physical authenticity refers to whether the simulation looks realistic,
whereas functional authenticity refers to whether the simulation ad-
dresses the critical elements that demand relevant behaviors to complete
the learning task (Hamstra et al., 2014; Maran & Glavin, 2003; Norman
et al.,, 2012; see also Choi et al., 2014). With regard to achieving
cognitive learning outcomes, the functional authenticity of the simu-
lated learning task seems to be the decisive type of authenticity (Norman
et al.,, 2012), as it focuses on the aspects of the learning task that are
relevant to learning a certain skill and therefore must be practiced. In
contrast, some studies suggest that affective outcomes, such as motiva-
tion or interest, might be influenced by the physical authenticity of the
simulation-based learning environment (e.g., Yang & Goh, 2022). The
descriptions of the simulations presented in this issue’s contributions
seem to focus primarily on the aspects of physical authenticity and less
on describing the extent to which the simulations are functionally
equivalent or how they differ from authentic representations of profes-
sional practices. In addition, Hofmann et al. (2021) noted that many
studies on simulation-based learning do not offer sufficiently detailed
descriptions of the simulations and additional interventions (see also
Gross et al., 2019). This underrepresentation of the simulations’ func-
tional characteristics might be explained by a generally insufficient
theoretical basis for conceptualizing the characteristics of the learning
task in simulations designed for learning professional practices—that is,
the task of learning to engage in professional practices.

Having a conceptual basis for characterizing the professional prac-
tices that are to be simulated in sufficient detail seems vital for



exploiting the potential that simulations offer in professional education.
On the one hand, such a conceptual basis might facilitate the use of
simulations as a valid assessment and testing tool to derive meaningful
conclusions about the learners from any generated evidence (Duchatelet
et al., 2022; Stadler et al., 2021). On the other hand, a conceptual basis
for characterizing simulated professional practices is relevant for
designing and implementing simulations for learning purposes and
ensuring that the simulation design is aligned with the targeted learning
goals (see Hofmann et al., 2021). Future research could investigate the
design and implementation of the learning task in a simulation as a
separate contextual presage factor in simulation-based learning, one
that is distinct from the measures of instructional support, such as
scaffolding the learning process (e.g., using reflection prompts) or
providing debriefing and other types of feedback.

In the following section, we introduce a recently proposed frame-
work capable of advancing this research direction. It is concerned with
conceptualizing and adapting representations of practice for designing
simulations for professional education. It describes several features that
characterize representations of practice and offers an orientation to
systematically describe the functional aspects of learning tasks in sim-
ulations in professional education. Moreover, it suggests how to adjust
the demands of a learning task through representational scaffolding, a
measure of instructional support implemented directly in the learning
task.

5. Representations of practice for conceptualizing and adapting
the learning task in simulations

In higher education and professional training, simulations are often
designed to help learners learn how to engage in professional practices
(Fischer et al., in press). To do so, learners gradually need to master
transferring their relevant knowledge and skills to various practice sit-
uations. Simulations can thus also be described as approximations of
practice (Grossman et al., 2009), where professional practices are
decomposed into different representations—that is, different practice
situations or case vignettes—that can be recomposed into learning en-
vironments (see Fischer et al., in press; Grossman et al., 2009). As a
starting point for identifying and researching the functional character-
istics of simulated and real-life representations of professional practices,
we proposed four sets of representational features, informational
complexity, typicality, agency, and situation dynamics (see Fischer
et al., in press), which are described in further detail below. These
representational features facilitate defining the demands associated with
engaging in various professional practices. In addition, they allow
describing real-life practice situations as well as simulated practice
representations. They thus help describing the resemblance or diver-
gence of a simulation compared to the real-life practice that is to be
simulated as well as its approximation.

One major instructional benefit of simulation-based learning is that it
allows creating varying degrees of the simulation’s resemblance or
divergence compared to the real-life practices. By adapting the focus and
difficulty of the learning task—for example, based on the learners’
current level of knowledge and skills (i.e., individual presage factors)—
some aspects of the learning task can be highlighted while simplifying
others (see Plass & Pawar, 2020). For novice to intermediate learners,
such as students in higher education or apprentices in vocational edu-
cation, until they are able to cope with increasingly difficult tasks, these
adaptations usually include a higher degree of support and simplifica-
tion compared to real-life cases or practice situations (see Van Mer-
rienboer & Sweller, 2010). In contrast, in the context of designing
further training for advanced professionals, it might be suitable to create
simulations that represent rather realistic approximations of novel or
rare practice situations. We suggested characterizing such instances of
purposefully selecting and modifying representations of practice to
adjust the demands of the learning task in simulations as representational
scaffolding (Fischer et al., in press). The measures of selecting and

adjusting the representations of practice in simulations that specifically
target the representational features as leverage points for adjusting the
demands of the simulated learning task can be considered representa-
tional scaffolds. In the following section, we briefly describe the four
suggested sets of representational features and offer some examples of
the associated representational scaffolds.

The set of representational features addressing informational
complexity refers to aspects such as the amount and connectivity of in-
formation inherent to a practice situation or its representation (Stadler
et al., 2019). Informational complexity is relevant to be considered in
the simulation design, as high informational complexity (e.g., as in the
navigation simulator of Sellberg et al., 2022; or in the automotive
mechatronics simulator of Meier et al., 2022) can increase learners’
cognitive load, which might limit the learning processes and outcomes
while cognitively overwhelming novice learners (see Sweller, 2010).
Another relevant aspect of informational complexity is the salience of
cues in the total amount of information—that is, the salience of the in-
formation relevant for adequately processing a practice situation or
representation (Machts et al., 2021; Mamede et al., 2012). Complexity
scaffolds aim to adjust the informational complexity of representations
of practice in simulations, for example, by making relevant information
more salient. Highlighting the relevant information would be an option
to avoid overwhelming learners, however, without the negative effects
(e.g., on motivation) sometimes associated with highly structured ap-
proaches to learner support, such as modeling examples. Thus,
complexity scaffolds that increase the salience of cues might be prom-
ising for the automotive mechatronics technicians simulator introduced
by Meier et al. (2022). Similarly, in the navigation simulator presented
by Sellberg et al. (2022), such complexity scaffolds might support, in
particular, those learners with low levels of relevant learning
prerequisites.

A second set of representational features refers to the typicality of
specific cases or situations in a professional field (Papa, 2016). Typi-
cality can be distinguished in terms of prototypicality, which ranges
from prototypical to atypical, and exemplarity, which ranges from
frequent to infrequent. A prototypical practice situation or case vignette
matches the blueprint of the practice situation as it would be described
in a textbook and is, thus, rather easy to process. In comparison, atypical
practice situations or case vignettes involve patterns of information that
deviate from this prototype and are less likely to be processed
adequately, especially by novice learners (see Papa & Elieson, 1993).
The second subcategory of typicality is exemplarity, which describes the
prevalence of different exemplars of practice situations or cases within a
domain. Exemplarity can be considered to range from more to less
frequent, thus determining the likelihood that a professional will gain or
has already gained experience with a similar exemplar of a concrete case
or scenario. Typicality scaffolds can be used to purposefully incorporate
variations of typicality across practice situations or cases into the
simulation design, for example, by selecting representations of practice,
which occur rather frequently in everyday practice, as in the simulation
by Soellner et al. (2022) and Hanus et al. (2022). For those simulations,
it might also be possible to include less frequently occurring or partic-
ularly atypical cases to train more advanced learners.

A third set of representational features addresses professionals’
agency while engaging in professional or simulated practices. The de-
mands concerning professionals’ agency associated with a practice sit-
uation or representation can be partly determined by identifying the
required activities for adequately engaging in the respective practice
situation. These might consist, for example, in problem-solving activities
(e.g., planning, executing, and monitoring; Liu et al., 2016) or epistemic
activities (e.g., identifying problems, generating hypotheses, generating
and evaluating evidence, and drawing conclusions; Fischer et al., 2014).
In addition to such cognitive activities, many practice situations require
social activities (e.g., sharing information, negotiating, regulating
collaboration, and maintaining social interaction; Liu et al., 2016; see
also Braunstein et al., 2022). A simulation focusing on the social aspects



of professional practices (negotiating during political decision-making)
is described by Vermeiren et al. (2022). Besides the required activ-
ities, practice situations and representations can differ in terms of the
required degree of self-regulation—that is, how flexible professionals
must be in their actions and thinking (see Moilanen, 2007). The required
degree of self-regulation might differ depending on the structuredness
and standardization of a given practice situation as well as the number of
potential activities to choose from. When designing a simulation, agency
scaffolds can be applied to adjust the comprehensiveness of the required
activities and the required degree of self-regulation of a practice rep-
resentation compared to a real-life practice situation. Agency scaffolds
are already included in the simulation of political decision-making, as
there are specific social roles and sets of tasks assigned to the partici-
pants (Vermeiren et al., 2022). Another set of agency scaffolds that is not
yet considered in that simulation would target the learners’ self--
regulation—for example, guiding them to better prepare for the simu-
lated situation so that they can benefit more from the simulation.
Agency scaffolds might also be promising for the CPR simulation
described by Soellner et al. (2022). The simulation could offer some
possibility for using first-person-view videos as a resource for preparing
and guiding the social activity of debriefing.

A fourth set of representational features refers to the situation dy-
namics that do not result from the professional’s intervention but from
the changes in the practice situation itself over time (Frensch & Funke,
1995; Stadler et al., 2019). The situation dynamics of different practice
situations can vary in terms of their progression, which might be more or
less stable and more or less predictable. For example, the progression
might approximate linearity, or resemble any nonlinear dynamic, or
involve sudden changes after reaching a certain time or threshold. The
situation dynamics of the different practice situations can also vary in
terms of their tempo, ranging from an extremely slow tempo, at which
changes only become apparent over longer periods, to an extremely fast
tempo, at which professionals might still need to identify and process
various information. The progression and tempo of situation dynamics
might be adjusted when designing a simulation by means of dynamics
scaffolds. For example, the simulation for mountain rescuers (Hanus
et al., 2022) could offer a version with reduced tempo for novice
learners, in which they can stop and think about the further processing
of the task. In addition, the business informatics simulation (Hiithn &
Rausch, 2022) could offer novice learners opportunities to deliberately
pause the simulation to facilitate the groups’ planning of their next
steps.

Referring to the representational features of informational
complexity, typicality, agency, and situation dynamics helps in
describing the functional characteristics and demands of engaging in
professional practices. We thus suggest that these representational fea-
tures can be used to define and describe simulated professional practices
in future studies on simulations in the context of professional education.
Future research might also investigate the role of the learning task’s
functional characteristics as a contextual presage factor in simulation-
based learning, one that is distinct from measures of instructional
support.

Among these measures of instructional support is the representa-
tional scaffolding approach. Of course, other measures of learner sup-
port contribute to facilitating task processing and learning processes in
simulation-based learning as well. Among these are debriefing (e.g.,
Sellberg et al., 2022; Soellner et al., 2022) and other forms of feedback
(e.g., Sailer et al., 2022), as well as the more commonly known types of
scaffolding directed at the learning process (e.g., modeling examples,
Meier et al., 2022; or reflection prompts; Bannert & Mengelkamp, 2013).
However, these measures of learner support aim to facilitate the learning
of the main task by providing additional information as well as sug-
gesting certain actions or strategies. In contrast, representational scaf-
folding is implemented in the design of the simulation itself and adjusts
the demands of the main learning task by selecting and modifying
practice representations (Fischer et al., in press), which is why it might

be considered an essential part of designing and researching instruc-
tional support in simulation-based learning.

6. Conclusion

Future research could increasingly shift its focus away from col-
lecting more evidence for the effectiveness of simulation-based learning
to investigating the learning mechanisms involved in simulation-based
learning. The current special issue illustrates this trend of researching
simulations beyond the educational assessment of their effectiveness
with regard to learning outcomes as the product of simulation-based
learning, instead focusing on the educational evaluation of the mecha-
nisms and processes that make simulation-based learning more or less
effective. As demonstrated in the contributions of this special issue, such
research might benefit from using diverse data sources and methodo-
logical approaches, including longitudinal and qualitative analyses, to
analyze learners’ processing of simulations in further detail. We found a
strong focus on cognitive processes and outcomes in the contributions.
However, as some of the studies illustrate, analyzing different types of
process indicators (i.e., affective, metacognitive, regulative, and social
processes) and learning outcomes (i.e., regulative and affective out-
comes) seems vital for further improving the understanding of why,
how, and under which conditions simulations offer optimal learning
benefits. In this regard, another vital aspect in the educational evalua-
tion of simulation-based learning consists in further researching the ef-
fects and interactions of different presage factors—that is, individual
presage factors (i.e., learners’ prerequisites) and contextual presage
factors (i.e., the design and implementation of simulations).

In particular, we identified the functional characteristics of the
learning tasks in simulations as an additional contextual presage factor
of simulation-based learning that is currently underrepresented in
research. This must be addressed more systematically in future research.
To advance this research direction, we discussed four sets of features of
practice representations—informational complexity, typicality, agency,
and situation dynamics—that might facilitate defining and describing
the functional characteristics and demands of the learning task of
engaging in a professional practice. The suggested representational
features highlight leverage points for systematically selecting and
adjusting the practice representations by employing representational
scaffolding as a means of instructional support that is integrated directly
into the learning task. The approach of characterizing the demands
associated with the different representations of practice in simulations
for professional education and the implied instructional support mea-
sure of representational scaffolding offer new directions for future
research regarding the design of simulations and the educational eval-
uation of simulation-based learning. Such research might facilitate the
systematic design of simulations and, thus, advance (future) pro-
fessionals’ learning in vocational education, higher education, and
professional training.

Declaration of Interest

We have no known conflict of interest to disclose.

Acknowledgements

This research was supported by Deutsche Forschungsgemeinschaft,
DFG FOR2385.

References

Bandura, A. (1997). Self-efficacy: The exercise of control. New York, NY: Freeman.

Bannert, M., & Mengelkamp, C. (2013). Scaffolding hypermedia learning through
metacognitive prompts. In R. Azevedo, & V. Aleven (Eds.), International handbook of
metacognition and learning technologies (pp. 171-186). New York: Springer. https://
doi.org/10.1007/978-1-4419-5546-3_12.


https://doi.org/10.1007/978-1-4419-5546-3_12
https://doi.org/10.1007/978-1-4419-5546-3_12

Biggs, J. B. (1993). From theory to practice: A cognitive systems approach. Higher
Education Research & Development, 12(1), 73-85. https://doi.org/10.1080/
0729436930120107

Braunstein, A., Deutscher, V., Seifried, J., Winther, E., & Rausch, A. (2022). A taxonomy
of social embedding - A systematic review of virtual learning simulations in
vocational and professional learning. Studies in Educational Evaluation, 72, Article
101098. https://doi.org/10.1016/j.stueduc.2021.101098

Brydges, R., & Butler, D. (2012). A reflective analysis of medical education research on
self-regulation in learning and practice. Medical Education, 46(1), 71-79. https://doi.
org/10.1111/j.1365-2923.2011.04100.x

Chernikova, O., Heitzmann, N., Stadler, M., Holzberger, D., Seidel, T., & Fischer, F.
(2020). Simulation-based learning in higher education: A meta-analysis. Review of
Educational Research, 90(4), 499-541. https://doi.org/10.3102/0034654320933544

Choi, H. H., Van Merriénboer, J. J., & Paas, F. (2014). Effects of the physical environment
on cognitive load and learning: Towards a new model of cognitive load. Educational
Psychology Review, 26(2), 225-244. https://doi.org/10.1007/5s10648-014-9262-6

Codreanu, E., Sommerhoff, D., Huber, S., Ufer, S., & Seidel, T. (2020). Between
authenticity and cognitive demand: Finding a balance in designing a video-based
simulation in the context of mathematics teacher education. Teaching and Teacher
Education, 95, Article 103146. https://doi.org/10.1016/j.tate.2020.103146

Coldwell, M., & Maxwell, B. (2018). Using evidence-informed logic models to bridge
methods in educational evaluation. Review of Education, 6(3), 267-300. https://doi.
org/10.1002/rev3.3151

Cook, D. A. (2014). How much evidence does it take? A cumulative meta-analysis of
outcomes of simulation-based education. Medical Education, 48(8), 750-760. https://
doi.org/10.1111/medu.12473

Doring, N., & Bortz, J. (2016). Forschungsmethoden und Evaluation in den Sozial- und
Humanwissenschaften. Springer. https://doi.org/10.1007/978-3-642-41089-5

Duchatelet, D., Jossberger, H., & Rausch, A. (2022). Assessment and evaluation of
simulation-based learning in higher education and professional training: An
introduction. Studies in Educational Evaluation, 75, Article 101210. https://doi.org/
10.1016/j.stueduc.2022.101210

Duchatelet, D., & Donche, V. (2022). Assessing student learning during simulations in
education: Methodological opportunities and challenges when applying a
longitudinal case study design. Studies in Educational Evaluation, 72, Article 101129.
https://doi.org/10.1016/j.stueduc.2022.101129

Duchatelet, D., Donche, V., Bursens, P., Gijbels, D., & Spooren, P. (2020). Unravelling the
interplay of sources of self-efficacy in negotiating in role-play simulations of political
decision-making: A longitudinal in-depth case study. Contemporary Educational
Psychology, 62, Article 101874. https://doi.org/10.1016/j.cedpsych.2020.101874

Frensch, P.A., & Funke, J. (1995). Complex problem solving: The European perspective.
Lawrence Erlbaum Associates, Inc. https://doi.org/10.4324/9781315806723.

Fischer, F., Kollar, 1., Ufer, S., Sodian, B., Hussmann, H., Pekrun, R., Neuhaus, B.,
Dorner, B., Pankofer, S., Fischer, M., Strijbos, J.-W., Heene, M., & Eberle, J. (2014).
Scientific reasoning and argumentation: Advancing an interdisciplinary research
agenda in education. Frontline Learning Research, 2(3), 28-45. https://doi.org/
10.14786/11r.v2i2.96

Fischer, F., Bauer, E., Seidel, T., Schmidmaier, R., Radkowitsch, A., Neuhaus, B., Hofer,
S., Sommerhoff, D., Ufer, S., Kuhn, J., Kiichemann, S., Sailer, M., Koenen, J.,
Gartmeier, M., Berberat, P., Frenzel, A., Heitzmann, N., Holzberger, D., Pfeffer, J.,
Lewalter, D., Niklas, F., Schmidt-Hertha, B., Gollwitzer, M., Vorholzer, A.,
Chernikova, O., Schons, C., Pickal, A. J., Bannert, M., Michaeli, T., Stadler M., &
Fischer, M. R. (2022). Representational scaffolding in digital simulations — learning
professional practices in higher education. Information and Learning Sciences.
Preprint at https:/doi.org/10.31234/0sf.io/bf92d. In press.

Gross, B., Rusin, L., Kiesewetter, J., Zottmann, J. M., Fischer, M. R., Priickner, S., &
Zech, A. (2019). Crew resource management training in healthcare: A systematic
review of intervention design, training conditions and evaluation (Article) BMJ
Open, 9(2), Article e025247. https://doi.org/10.1136/bmjopen-2018-025247.

Grossman, P., Compton, C., Igra, D., Ronfeldt, M., Shahan, E., & Williamson, P. W.
(2009). Teaching practice: A cross-professional perspective. Teachers College Record,
111(9), 2055-2100. https://doi.org/10.1177/016146810911100905

Gulikers, J. T. M., Bastiaens, T. J., & Martens, R. (2005). The surplus value of an
authentic learning environment. Computers in Human Behavior, 21, 509-521. https://
doi.org/10.1016/j.chb.2004.10.028

Hamstra, S. J., Brydges, R., Hatala, R., Zendejas, B., & Cook, D. A. (2014). Reconsidering
fidelity in simulation-based training. Academic Medicine, 89(3), 387-392. https://
doi.org/10.1097/ACM.0000000000000130

Hanus, S. A., Jossberger, H., & Gruber, H. (2022). Evaluation of mountain rescuers’ (non-
Jtechnical skills during simulated resuscitation. Studies in Educational Evaluation, 72,
Article 101122. https://doi.org/10.1016/j.stueduc.2021.101122

Hegland, P. A., Aarlie, H., Strgmme, H., & Jamtvedt, G. (2017). Simulation-based
training for nurses: Systematic review and meta-analysis. Nurse Education Today, 54
(1), 6-20. https://doi.org/10.1016/j.nedt.2017.04.004

Hofmann, R., Curran, S., & Dickens, S. (2021). Models and measures of learning
outcomes for non-technical skills in simulation-based medical education: Findings
from an integrated scoping review of research and content analysis of curricular
learning objectives. Studies in Educational Evaluation, 71, Article 101093. https://doi.
org/10.1016/j.stueduc.2021.101093

Hiihn, C., & Rausch, A. (2022). Collaboration and emotions during simulation-based
learning in general management courses. Studies in Educational Evaluation, 73, Article
101130. https://doi.org/10.1016/j.stueduc.2022.101130

Heitzmann, N., Seidel, T., Opitz, A., Hetmanek, A., Wecker, C., Fischer, M., Ufer, S.,
Schmidmaier, R., Neuhaus, B., & Siebeck, M. (2019). Facilitating diagnostic
competences in simulations: A conceptual framework and a research agenda for

medical and teacher education. Frontline Learning Research, 7(4), 1-24. https://doi.
org/10.14786/flr.v7i4.384

Liu, L., Hao, J., von Davier, A. A, Kyllonen, P., & Zapata-Rivera, J.-D. (2016). A tough
nut to crack: measuring collaborative problem solving. In Y. Rosen, S. Ferrara, &
M. Mosharraf (Eds.), Handbook of research on technology tools for real-world skill
development (pp. 344-359). IGI Global. https://doi.org/10.4018/978-1-4666-9441-
5. ch013.

Machts, N., Chernikova, O., Jansen, T., Fischer, F., & Moller, J. (2021, 14.09.2021).
Salienz von Informationen in Simulationen diagnostischer Situationen. Eine
Konzeptualisierung. 18. Fachgruppentagung der Fachgruppe Padagogische
Psychologie der Deutschen Gesellschaft fiir Psychologie, Heidelberg.

Mamede, S., Splinter, T. A. W., van Gog, T., Rikers, R. M. J. P., & Schmidt, H. G. (2012).
Exploring the role of salient distracting clinical features in the emergence of
diagnostic errors and the mechanisms through which reflection counteracts
mistakes. BMJ Quality & Safety, 21(4), 295. https://doi.org/10.1136/bmjqs-2011-
000518

Maran, N. J., & Glavin, R. J. (2003). Low-to high-fidelity simulation-a continuum of
medical education. Medical Education, 37, 22-28. https://doi.org/10.1046/j.1365-
2923.37.51.9.x

Meier, J., Spliethoff, L., Hesse, P., Abele, S., Renkl, A., & Glogger-Frey, 1. (2022).
Promoting car mechatronics apprentices’ diagnostic strategy with modeling
examples: Development and evaluation of a simulation-based learning environment.
Studies in Educational Evaluation, 73, Article 101117. https://doi.org/10.1016/j.
stueduc.2021.101117

Mislevy, R. J. (2013). Evidence-centered design for simulation-based assessment. Military
Medicine, 178(10), 107-114. https://doi.org/10.7205/MILMED-D-13-00213

Moilanen, K. L. (2007). The adolescent self-regulatory inventory: The development and
validation of a questionnaire of short-term and long-term self-regulation. Journal of
Youth and Adolescence, 36(6), 835-848. https://doi.org/10.1007/510964-006-9107-
9

Mulder, M., Gulikers, J., Biemans, H., & Wesselink, R. (2009). The new competence
concept in higher education: Error or enrichment. Journal of European Industrial
Training, 33(8/9), 755-770. https://doi.org/10.1108/03090590910993616

Norman, G., Dore, K., & Grierson, L. (2012). The minimal relationship between
simulation fidelity and transfer of learning. Medical Education, 46(7), 636-647.
https://doi.org/10.1111/j.1365-2923.2012.04243.x

Papa, F. J. (2016). A dual processing theory based approach to instruction and
assessment of diagnostic competencies. Medical Science Educator, 26(4), 787-795.
https://doi.org/10.1007/540670-016-0326-8

Papa, F. J., & Elieson, B. (1993). Diagnostic accuracy as a function of case
prototypicality. Academic medicine: Journal of the Association of American Medical
Colleges, 68(10), 58-60. https://doi.org/10.1097,/00001888-199310000-00046

Plass, J. L., & Pawar, S. (2020). Toward a taxonomy of adaptivity for learning, 2020/07/
02 Journal of Research on Technology in Education, 52(3), 275-300. https://doi.org/
10.1080/15391523.2020.1719943.

Pintrich, P. R. (1994). Continuities and discontinuities: Future directions for research in
educational psychology. Educational Psychologist, 29(3), 137-148. https://doi.org/
10.1207/515326985ep2903_3

Richardson, M., Abraham, C., & Bond, R. (2012). Psychological correlates of university
students’ academic performance: A systematic review and meta-analysis.
Psychological Bulletin, 138(2), 353-387. https://doi.org/10.1037/a0026838

Sailer, M., Bauer, E., Hofmann, R., Kiesewetter, J., Glas, J., Gurevych, 1., & Fischer, F.
(2022). Adaptive feedback from artificial neural networks facilitates pre-service
teachers’ diagnostic reasoning in simulation-based learning. Learning and Instruction.
, Article 101620. https://doi.org/10.1016/j.learninstruc.2022.101620

Sellberg, C., Wiig, A. C., & Saljo, R. (2022). Mastering the artful practice of navigation:
The situated endorsement of professional competence in post-simulation
evaluations. Studies in Educational Evaluation, 72, Article 101111. https://doi.org/
10.1016/j.stueduc.2021.101111

Soellner, N., Eiberle, M., Berberat, P. O., Schulz, C. M., Hinzmann, D., Rath, S.,
Haseneder, R., & Gartmeier, M. (2022). Just showing is not enough: First-person-
view-videos as a feedback tool in resuscitation simulation. Studies in Educational
Evaluation, 72, Article 101100. https://doi.org/10.1016/j.stueduc.2021.101100

Stadler, M., Iliescu, D., & Greiff, S. (2021). Validly authentic: Some recommendations to
researchers using simulations in psychological assessment. European Journal of
Psychological Assessment, 37(6), 419-422. https://doi.org/10.1027/1015-5759/
a000686

Stadler, M., Niepel, C., & Greiff, S. (2019). Differentiating between static and complex
problems: A theoretical framework and its empirical validation. Intelligence, 72,
1-12. https://doi.org/10.1016/j.intell.2018.11.003

Sweller, J. (2010). Element interactivity and intrinsic, extraneous, and germane
cognitive load. Educational Psychology Review, 22(2), 123-138. https://doi.org/
10.1007/510648-010-9128-5

Tynjala, P. (2013). Toward a 3-P model of workplace learning: A literature review.
Vocations and Learning, 6(1), 11-36. https://doi.org/10.1007/s12186-012-9091-z

Van Merriénboer, J. J. G., & Sweller, J. (2010). Cognitive load theory in health
professional education: design principles and strategies. Medical Education, 44,
85-93. https://doi.org/10.1111/j.1365-2923.2009.03498.x

Vermeiren, S., Duchatelet, D., & Gijbels, D. (2022). Assessing students’ self-efficacy for
negotiating during a role-play simulation of political decision-making. Taking


https://doi.org/10.1080/0729436930120107
https://doi.org/10.1080/0729436930120107
https://doi.org/10.1016/j.stueduc.2021.101098
https://doi.org/10.1111/j.1365-2923.2011.04100.x
https://doi.org/10.1111/j.1365-2923.2011.04100.x
https://doi.org/10.3102/0034654320933544
https://doi.org/10.1007/s10648-014-9262-6
https://doi.org/10.1016/j.tate.2020.103146
https://doi.org/10.1002/rev3.3151
https://doi.org/10.1002/rev3.3151
https://doi.org/10.1111/medu.12473
https://doi.org/10.1111/medu.12473
https://doi.org/10.1007/978-3-642-41089-5
https://doi.org/10.1016/j.stueduc.2022.101210
https://doi.org/10.1016/j.stueduc.2022.101210
https://doi.org/10.1016/j.stueduc.2022.101129
https://doi.org/10.1016/j.cedpsych.2020.101874
https://doi.org/10.14786/flr.v2i2.96
https://doi.org/10.14786/flr.v2i2.96
https://doi.org/10.1136/bmjopen-2018-025247
https://doi.org/10.1177/016146810911100905
https://doi.org/10.1016/j.chb.2004.10.028
https://doi.org/10.1016/j.chb.2004.10.028
https://doi.org/10.1097/ACM.0000000000000130
https://doi.org/10.1097/ACM.0000000000000130
https://doi.org/10.1016/j.stueduc.2021.101122
https://doi.org/10.1016/j.nedt.2017.04.004
https://doi.org/10.1016/j.stueduc.2021.101093
https://doi.org/10.1016/j.stueduc.2021.101093
https://doi.org/10.1016/j.stueduc.2022.101130
https://doi.org/10.14786/flr.v7i4.384
https://doi.org/10.14786/flr.v7i4.384
https://doi.org/10.4018/978-1-4666-9441-5
https://doi.org/10.4018/978-1-4666-9441-5
https://doi.org/10.1136/bmjqs-2011-000518
https://doi.org/10.1136/bmjqs-2011-000518
https://doi.org/10.1046/j.1365-2923.37.s1.9.x
https://doi.org/10.1046/j.1365-2923.37.s1.9.x
https://doi.org/10.1016/j.stueduc.2021.101117
https://doi.org/10.1016/j.stueduc.2021.101117
https://doi.org/10.7205/MILMED-D-13-00213
https://doi.org/10.1007/s10964-006-9107-9
https://doi.org/10.1007/s10964-006-9107-9
https://doi.org/10.1108/03090590910993616
https://doi.org/10.1111/j.1365-2923.2012.04243.x
https://doi.org/10.1007/s40670-016-0326-8
https://doi.org/10.1097/00001888-199310000-00046
https://doi.org/10.1080/15391523.2020.1719943
https://doi.org/10.1080/15391523.2020.1719943
https://doi.org/10.1207/s15326985ep2903_3
https://doi.org/10.1207/s15326985ep2903_3
https://doi.org/10.1037/a0026838
https://doi.org/10.1016/j.learninstruc.2022.101620
https://doi.org/10.1016/j.stueduc.2021.101111
https://doi.org/10.1016/j.stueduc.2021.101111
https://doi.org/10.1016/j.stueduc.2021.101100
https://doi.org/10.1027/1015-5759/a000686
https://doi.org/10.1027/1015-5759/a000686
https://doi.org/10.1016/j.intell.2018.11.003
https://doi.org/10.1007/s10648-010-9128-5
https://doi.org/10.1007/s10648-010-9128-5
https://doi.org/10.1007/s12186-012-9091-z
https://doi.org/10.1111/j.1365-2923.2009.03498.x

student characteristics and simulation features into account. Studies in Educational
Evaluation, 72, Article 101124. https://doi.org/10.1016/j.stueduc.2022.101124

Virtanen, P., Niemi, H., & Nevgi, A. (2017). Active learning and self-regulation enhance
student teachers’ professional competences. Australian Journal of Teacher Education,
42(12), 1-20. https://doi.org/10.3316/ielapa.313660196196001

Yang, F., & Goh, Y. M. (2022). VR and MR technology for safety management education:
An authentic learning approach. Safety Science, 148, Article 105645. https://doi.org/
10.1016/j.ssci.2021.105645


https://doi.org/10.1016/j.stueduc.2022.101124
https://doi.org/10.3316/ielapa.313660196196001
https://doi.org/10.1016/j.ssci.2021.105645
https://doi.org/10.1016/j.ssci.2021.105645

	Simulation-based learning in higher education and professional training: approximations of practice through representational scaffolding
	Elisabeth Bauer, Nicole Heitzmann, Frank Fischer
	Nutzungsbedingungen / Terms of use:
	CC BY-NC-ND 4.0  

	Simulation-based learning in higher education and professional training: Approximations of practice through representationa ...
	1 Simulations in higher education and professional training
	2 Educational evaluation of simulation-based learning
	3 Contributions to this special issue
	4 From a status quo to a quo vadis in researching simulations for professional education
	5 Representations of practice for conceptualizing and adapting the learning task in simulations
	6 Conclusion
	Declaration of Interest
	Acknowledgements
	References


