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2.1 Theoretical Overview

2.1.1 Instructional Support in Facilitating Competences

The conceptual framework used in this book is based on theoretical and empirical
findings on skill development and theories of expertise development (Anderson,
1983; Jonassen, 1997; Renkl & Atkinson, 2003; Van Lehn, 1996), which suggests
that learners need sufficient prior knowledge and to engage in complex practice
opportunities to improve their professional competencies. Existing research on
complex learning environments supports the claim that learning is more effective
when instructional support is included (Lazonder & Harmsten, 2016). One possibil-
ity to avoid ineffective learning related to exposure to complex and ill-structured
problems, particularly at early stages of expertise development, is to accompany the
challenging tasks with scaffolding procedures, particularly those emphasizing meta-
cognition and reflection as the main mechanisms of learning through experience.
Therefore, we also include an overview of scaffolding types and measures as part of
our theoretical framework.
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2.1.2 Simulations in Medical and Teacher Education

A simulation is a model or representation of reality (object, system, or situation) with
certain parameters that can be controlled or manipulated. The aim of a simulation is
to arrive at a better understanding of the interconnections between the variables in
the system or to put different strategies to test (Frasson & Blanchard, 2012; Shannon,
1975; Wissenschaftsrat., 2014). Thus, a central goal of simulations teaching diag-
nostic competences is to provide training opportunities in which learners can take
diagnostic actions on cases with a certain similarity to professional practice (Seidel
et al., 2015; Shavelson, 2013). Both digital simulations and face-to-face role-plays
have been used as simulation-based learning environments. Numerous primary
research on the effectiveness of simulations in medical and teacher education
supports their effectiveness (e.g., Koparan & Yilmaz, 2015; Liaw et al., 2010;
Matsuda et al., 2013). Meta-analytic studies in medical education (e.g., Cook
et al., 2012, 2013) provide evidence supporting the generalizability of the high
effects of simulations. However, the open question is what features and parameters
make simulations most effective in different contexts for learners with certain
personal characteristics, such as learning prerequisites, different levels of prior
professional knowledge, and levels of expertise.

2.2 Model Description

The conceptual model (Fig. 2.1) consists of five essential blocks of elements:

“Test performance” block: diagnostic competences are considered to be the target
learning outcome and can be measured by assessing the efficiency and the accuracy
of the diagnosis, applying professional knowledge, and performing appropriate
diagnostic activities.

“Processes in simulation-based learning environments” block: activities in
simulation-based learning environments are hypothesized to directly affect the
learning outcomes. This block also includes diagnostic activities performed to
acquire the target knowledge and competences and an intermediate assessment of
the diagnostic accuracy and efficiency during the learning phase.

“Individual learning prerequisites” block: the following factors are hypothesized
to have (1) a direct effect on the development of diagnostic competences as learning
outcomes and (2) an indirect effect via Block II by specifying the way learning
strategies and instructional support are utilized. This block includes the existing
professional knowledge base: learners’ conceptual and strategic knowledge, execu-
tive functions/working memory capacity, motivational variables, and interest.

“Instructional support” block: instructions include different types of scaffolding
and ways to present information to the learners. They are hypothesized to influence
the improvement of diagnostic competences by supporting learning processes and
activities. The availability of appropriate instructional support that matches the
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Fig. 2.1 Fostering diagnostic competences with simulation-based learning: adapted from concep-
tual framework by the COSIMA research unit (Heitzmann et al., 2019)

learning goals and learners’ individual prerequisites determines the effectiveness of
simulation-based learning environments.

The “Context of simulation” block encompasses the construction of learning
environments and competence assessments and is hypothesized to have an effect
on learning processes, the types of instructional support that can be utilized, and
outcomes. This block includes the domain and the nature of the diagnostic situation
(the information base and the need to collaborate during the diagnosis).

In the following paragraphs, we will describe the specific variables included in
the five blocks of the conceptual model in more detail.

2.2.1 Professional Knowledge Base

The definition and differentiation of knowledge types constituting the professional
knowledge base in the model are adopted from previous research in teacher and
medical education (Fortsch et al., 2018). Professional knowledge consists of content
and strategic knowledge. Content knowledge as defined by Shulman (1987) or
conceptual knowledge (Stark et al., 2011) refers to the knowledge of subject matter,
key terms, and their interrelations. Strategic knowledge, in turn, relates to the
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application of conceptual knowledge to solve a problem. The distinction between
strategical and conceptual knowledge has been validated in empirical studies in
medical education and beyond (e.g., Fortsch et al., 2018).

2.2.2 Individual Learners’ Characteristics

Apart from the prior professional knowledge base, a range of other learner-related
factors can potentially influence learning processes and outcomes: executive func-
tions, working memory capacity, motivational variables, and interest. The concep-
tual model refers to individual learner characteristics in order to capture aptitude—
treatment interactions (Snow, 1991), the expertise reversal effect (Kalyuga, 2007),
and other motivational and affective predictors of learning outcomes with moderate
to high effects (see Lazowski & Hulleman, 2016 for an overview). In line with
research findings on the role of working memory (e.g., Koopmann-Holm &
O’Connor, 2017; Sweller, 2005) and executive functions (Miyake & Friedman,
2012; Schwaighofer et al., 2015), we hypothesize that these factors might moderate
both learning processes and outcomes.

2.2.3 Diagnostic Activities

Diagnostic processes require the collection, integration, and generation of case-
specific information to reduce uncertainty and make medical or educational deci-
sions. Therefore, we hypothesize that these processes require the same activities that
are used across domains to collect and generate knowledge. The taxonomy of eight
activities relevant to diagnostic processes was adopted from research on scientific
reasoning and argumentation (Fischer et al., 2014). These activities include problem
identification, questioning, hypothesis generation, construction/redesign of artifacts,
evidence generation, evidence evaluation, drawing conclusions, and communicating
the results. Diagnosing may require all or only some of these activities, the order of
these activities may vary, with some activities repeated and some skipped depending
on the particular situation at hand.

2.2.4 Diagnostic Quality: Accuracy and Efficiency

Diagnostic quality consists of the two measures diagnostic accuracy and diagnostic
efficiency. Accuracy is a measure of the correspondence between the true state of the
person being diagnosed and the diagnosis. In medical education, this would refer to
correctly identifying the disease; in teacher education, this would relate to the
assessment of the student’s knowledge, their competence, or the identification of
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misconceptions. The second variable is diagnostic efficiency, which refers to the
time, effort, and costs required to reach an accurate diagnosis and contributes to the
quality of the diagnosis alongside diagnostic accuracy.

2.2.5 Simulations as Instructional Method

To develop professional competencies, learners need to have sufficient prior knowl-
edge at their disposal and engage in a large amount of practice (i.e., Van Lehn,
1996). Simulations allow learners to practice authentic cases without compromising
patients’ or students’ safety or well-being, and address rare and complex situations.
Simulations also provide sufficient time and opportunity for practice, understanding
underlying principles and concepts, and developing reasoning and reflection skills
(Frasson & Blanchard, 2012).

2.2.6 Explicit Presentation of Information

Presenting information explicitly may play an important role in designing learning
environments that facilitate the development of competences. Domain concepts and
strategies, the framework of the task, and its requirements need to be communicated
to guide students’ attention to the most relevant information and reduce confusion
(Kirschner et al., 2006; Sweller, 2005). However, there is no systematic research on
how much explicit information needs to be communicated in different domains and
learning environments. Moreover, research on the role of and interaction between
the explicit presentation of information and other instructional methods is scarce.
How the explicit presentation of information can be included in simulations is further
described in Chaps. 6 and 7.

2.2.7 Scaffolding

The most prominent definition of scaffolding (Wood et al., 1976) defines it as the
process of supporting learners by taking over some intricate factors of the task.
According to recent literature reviews (Belland, 2014; Reiser & Tabak, 2014),
scaffolding is effective in supporting the development of complex cognitive skills.
It can facilitate cognitive, metacognitive, motivational and strategic learning pro-
cesses and outcomes (Hannafin et al., 1999). Some promising forms of support in
simulation-based learning that have shown positive effects in facilitating learning are
providing examples, prompts, role-taking, and introducing reflection phases.
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Prompts refer to information or guidance offered to learners during the learning
process in order to improve its effectiveness (Berthold et al., 2007). Empirical
evidence provides support for self-explanation prompts (Heitzmann et al., 2015,
2019), metacognitive prompts (Quintana et al., 2004), and collaboration scripts
(Fischer et al., 2013; Vogel et al., 2017) as supports for learning. How prompts
can be used successfully in simulations is described in Chaps 5, 6, and 8.

Role-taking can be considered a type of scaffolding when it reduces the full
complexity of a situation by assigning learners a specific role with limited tasks or a
limited perspective on the full task. A large body of empirical research suggests that
complex skills can be acquired effectively in the agent role (i.e., teacher or doctor)
(e.g., Cook, 2014). Scaffolding for role-taking is implemented in the simulations
described in Chaps. 4, 5, 9, and 10.

The positive effects of reflection on learning were first proposed by Dewey
(1933). Reflection can be induced through guided reflection phases and can take
place before, during, or after an event. Different types of reflection (e.g., reflecting
on reasoning or reflecting on the problem at hand) have been reported to efficiently
foster the acquisition of diagnostic competences in medicine (Sandars, 2009) and
teacher education (Beauchamp, 2015). Reflection phases were included in the
simulations described in Chap. 9.

2.2.8 The Nature of the Diagnostic Situation

The nature of the diagnostic situation is defined by the set of specific features present
in the specific situation in which the diagnosis takes place (Heitzmann et al., 2019).
Heitzmann et al. suggest differentiating these features along two dimensions: (1) the
source of information for the diagnosis, and (2) the necessity to collaborate with
other professionals to reach the diagnosis. With regard to the first dimension, a
distinction can be made between interaction-based and document-based diagnoses.
In a diagnosis based on interaction, the information is gathered through interaction
with another person (e.g., patient, student, their family members, etc.), (see simula-
tions described in Chaps. 4, 5, 6, and 9); conversely, document-based diagnosis
relies on information obtained in written or recorded form (see simulations described
in Chaps. 5, 7, and 9). This distinction is highly relevant for practice, as different
information sources might require different processing times as well as different
types and amount of scaffolding. The second dimension ranges from individual
diagnostic actions to a necessity to collaborate and communicate with other pro-
fessionals during the diagnostic process. The processes involved in such collabora-
tion and the factors relevant for diagnostic efficiency and accuracy during it have not
been thoroughly researched in either the medical or teacher education fields. Simu-
lations involving a collaborative context are described in Chaps. 7 and 10.
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2.2.9 Domain

We focused on medical and teacher education as two domains that require accurate
diagnoses before further professional action can be taken. Simulations in medical
education are described in Chaps. 9 and 10. Simulations in teacher education are
described in Chaps. 3, 4, 5, 6, 7, and 8. There are some similarities in diagnostic
processes and thus also in diagnostic competences between these two domains.
Therefore, we assume that interdisciplinary research and applications of
simulation-based learning can provide insights for both fields.

The diagnostic process in medicine aims to determine the cause of a disease and
the appropriate course of action for either further diagnosis or treatment (Charlin
et al., 2000). The diagnostic process in teacher education aims to identify the gap
between the present and the desired state of learners’ competences and optimize the
use of instructional methods to close this gap (Helmke et al., 2012). While the two
fields differ, it is also obvious that these diagnostic processes share a key common-
ality, namely that diagnosing a patient’s health status or a learner’s understanding is
a goal-oriented process of collecting and integrating case-specific information to
reduce uncertainty in order to make medical or educational decisions (Heitzmann
et al., 2019).

2.3 Evidence from a Meta-Analysis

Recently, we conducted a meta-analysis of 35 empirical studies building on the
conceptual framework developed above to investigate the role of instruction, scaf-
folding, and contextual factors in facilitating the development of diagnostic compe-
tences in learners with different levels (low and high) of professional knowledge. As
little empirical research was found on the effects of simulation-based learning on the
development diagnostic competences, a broader search was conducted and studies of
different types of instructional support were included in the analysis. We specifically
focused on investigating the role of problem-solving as one of several problem-
centered instructional approaches (Belland et al., 2017, p. 311).

The main aim of the meta-analysis was to estimate the overall effect of instruc-
tional support on the development of diagnostic competences in the domains of
medical and teacher education and, more specifically, provide the missing evidence
and synthesized results on the effects of different scaffolding types. We also
included learning with examples as a scaffolding type (in addition to prompts,
role-taking and reflection phases). Examples allow learners to retrace the steps of a
solution (worked example) or observe a model displaying the problem-solving
process (modeling example) before they solve problems independently (Renkl,
2014). Instructional support had a moderate positive effect on diagnostic compe-
tences, which is in line with previous research findings on fostering complex
cognitive skills (Belland et al., 2017; Dochy et al., 2003). Problem-based learning
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as an instructional support facilitated the improvement of diagnostic competences in
all learners, independently of their prior professional knowledge base. However, it is
important to note that all interventions that applied a problem-based learning
approach also implemented at least one other type of scaffolding or additional
instruction.

One of the research questions in the meta-analysis specifically addressed the
interaction between individual learners’ prerequisites (i.e., prior knowledge base)
and the effectiveness of a problem-solving approach and scaffolding procedures.
The hypothesis behind this research question was that scaffolding measures vary in
the degree of self-regulation required from learners. Thus, we assumed that provid-
ing example solutions and modeling desired behavior are more strongly guided
forms of instruction requiring less self-regulation, as the learners do not face a
problem to solve, but rather a solution. In contrast, reflection phases were considered
to require high levels of self-regulation. Diagnostic competences were found to be
facilitated effectively through problem-solving independent of learners’ knowledge
base. Although all types of scaffolding had positive effects on learning, scaffolding
types providing high levels of guidance were more effective for less advanced
learners, whereas scaffolding types relying on high levels of self-regulation were
more effective for more advanced learners.

Moreover, the context was a significant moderator of improved diagnostic com-
petences, with better learning associated with an interactive diagnostic situation. The
domains of medical and teacher education were comparable in the effects of instruc-
tional support and scaffolding, but differed in terms of the prior professional
knowledge base and therefore presumably in the design of effective learning envi-
ronments to foster diagnostic competences.

2.4 Conclusions

This chapter addressed existing theoretical and empirical research on developing
competences in higher education. It aimed at describing state-of-the-art research and
developing a theoretical framework for using problem-solving (with and without
simulations) to facilitate the development of diagnostic competences in medical and
teacher education. Existing research suggests that instructional support that uses
problem-solving to facilitate the development of complex cognitive skills and
competences, and in particular diagnostic competences, has a moderate positive
effect on learning outcomes (Chernikova et al., 2019). Meta-analytical studies, in
turn, provide evidence of positive effects of simulations, as an example of a problem-
solving approach, on learning in multiple domains.

The existing research suffers from a vast heterogeneity with respect to how
researchers define diagnosing and diagnostic competences, which individual
learners’ prerequisites and processes they assume to be relevant for diagnosing
and learning to diagnose, what instructional approaches should be used, and how
the context (i.e., the nature of the diagnostic situation) can influence the effectiveness
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of learning. Nevertheless, simulations are promising means to measure and facilitate
diagnostic competences.

Notably, both the literature review and the meta-analysis identified a range of
empirical studies that used different simulations to facilitate skills related to diag-
nostic competences; however, it also became clear that empirical studies rarely
provide detailed descriptions of the learning environments and simulations involved
or the measures used to assess improved competences. This makes it difficult to draw
conclusions about effects of specific learning activities and processes.

Moreover, hardly any study reused existing simulation-based learning environ-
ments, preferring to design new ones from scratch and match them to the study’s
particular needs. Such an approach contributes to high levels of heterogeneity that is
difficult to explain as well as difficulties in summarizing the applied methods. This in
turn leads to a lack of standardized instruments and measures that can be systemat-
ically used and adjusted if needed. However, such efforts are necessary to create
foundations for high-quality, interdisciplinary, replicable empirical research and for
better-designed learning environments to effectively facilitate the acquisition of
diagnostic competences.
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