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This chapter’s simulation at a glance

Domain Teacher education
Topic Students’ behavioral, developmental, and learning disorders
Learner’s task Take on the role of a teacher and gather information about a

problematic student to identify if the student may have a clin-
ically relevant disorder and if so, which one it could be

Target group Pre-service teachers for all school tracks in various stages of
teacher education

Diagnostic mode Individual diagnosing
Sources of
information

Documents (students’ school assignments, report cards, etc.);
reports of the student’s in-class and out-of-class behavior; pro-
tocols of conversations with other teachers, the student and
parents

Special features Use of natural language processing to provide automatic adap-
tive feedback based on the learners’ written explanations of
their diagnostic conclusion and processing of the case
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8.1 Competence Goals in Higher Education

Contemporary curricula in higher education emphasize the need to facilitate stu-
dents’ competence development. This trend is supported by practitioners and poli-
ticians, arguing that work in the digital age requires not merely conceptual
knowledge but also the ability to apply it to complex tasks in ill-defined situations
(Ananiadou & Claro, 2009). The emphasis on diagnostic competence development
in medical and teacher education is one of many examples related to this trend. In
accordance with Fischer et al. (2022), we define the action of diagnosing as the goal-
oriented collection and interpretation of case-specific or problem-specific informa-
tion to reduce uncertainty in order to make medical or educational decisions. Thus,
diagnostic competences are indicated by the accuracy of the diagnosis, application of
professional knowledge (see Förtsch et al., 2018), and performance of appropriate
epistemic-diagnostic activities (see Fischer et al., 2014).

Since learning competences is highly complex, support structures are required
that guide learners in their learning process (Chernikova et al., 2022; Van
Merriënboer et al., 2002). One such support structure is feedback, which has been
shown to be one of the main predictors of learning outcomes (Hattie & Timperley,
2007). Individual feedback requires high time investments by higher education
instructors, which is why it is often neglected (Nicol, 2010). This is one example
of how changing professional requirements affect learning objectives, which in turn
affect higher education practices and requirements.

Simultaneously, digitalization has brought about technical innovations that can
help to facilitate the adaptation of higher education practices. In recent decades,
computer-supported and web-based learning has enabled the widespread usage of a
range of instructional methods and measures for learning support. Among these is
simulation-based learning (Baek, 2009; Gegenfurtner et al., 2014), which has been
shown to be an effective approach for competence development (Berman et al.,
2016). There are also attempts to automate learner support in digital learning
environments, such as using artificial intelligence for intelligent tutoring systems
(Diziol et al., 2010; Naser, 2012). Such intelligent systems are able to adapt
automatically to learners’ competence level and learning progress by automatically
analyzing log data. Novel approaches also automate the analysis of written answers
using natural language processing (NLP) methods. These systems are utilized, for
example, to analyze lexical, syntactical, rhetorical, and other features of learners’
essays to provide feedback on the essays’ quality in terms of writing strategy
(McNamara et al., 2013). A more detailed automated analysis of writing strategy
in combination with the content of written answers was previously unrealizable due
to limitations of natural language processing methods (Diziol et al., 2010).

FAMULUS makes progress on this technical challenge with the most recent
natural language processing methodology, namely artificial neural networks, to
provide automatic adaptive feedback on learners’ written text answers while they
are engaged in simulation-based learning, in order to foster their diagnostic
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competences. The feedback is conceptualized to consider both the strategy and
content applied in the text answers. This combination better approximates more
advanced levels of feedback. Moreover, FAMULUS is an interdisciplinary project
involving the disciplines of teacher and medical education. The current chapter gives
an overview of the project’s background, goals, learning environment, schedule and
open questions referring to the teacher education subproject.

8.2 Teachers’ Diagnosing of Their Students’ Psychological
Problems

As previous chapters have already outlined (see Chernikova et al., 2022; Codreanu
et al., 2022), diagnostic competences are a core learning objective in teacher
education. Teachers have to diagnose students’ performance (Schrader, 2011) and
individual prerequisites, such as competence level and motivation (Spinath, 2005).
These individual prerequisites also include students’ behavioral, developmental, and
learning disorders. Such disorders affect around 5% of students (Hölling et al.,
2014). Behavioral disorders like ADHD and developmental disorders like specific
learning disorders become observable in elementary school or early secondary
school at the latest and are therefore relevant for teachers in all types of schools.
Often, the symptomatology further evolves as students face increasing performance-
related and social challenges in school (Schulte-Körne, 2016). This is why teachers
are confronted with students’ behavioral, developmental, and learning disorders in
their classrooms. They are oftentimes the first professionals who have the opportu-
nity to identify an existing problem and initiate further action (Reinke et al., 2011).
Therefore, diagnosing students’ psychological problems is not only a relevant aspect
of teachers’ everyday practice but part of their professional responsibility. When
confronted with a problem, teachers need to apply epistemic activities, like gener-
ating hypotheses, generating and evaluating evidence for and against these hypoth-
eses, and drawing diagnostic conclusions (see Fischer et al., 2014). In this regard,
diagnosing can be decomposed into the application of a diagnostic strategy (see
Fischer et al., 2014) and relevant concept knowledge (see Coderre et al., 2003; see
Förtsch et al., 2018). One example would be the evaluation of the evidence for
“inattention” and “hyperactivity” to draw a conclusion regarding the hypothesis
“ADHD”. Teachers should be able to identify psychological problems among
students and apply a diagnostic strategy and relevant concepts accordingly. More-
over, they need to be able to communicate their diagnoses professionally (see
Lawson & Daniel, 2011) e.g., to a school psychologist. This requires combining
arguments for and (if applicable) against differential diagnoses to construct a
diagnostic argument.

Despite its relevance, students’ psychological problems are rarely part of
teachers’ initial professional education. It has been found that teachers rate their
general knowledge about psychological disorders as mediocre at best (Reinke et al.,
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2011; Rothì et al., 2008). Consequently, diagnosing students’ psychological prob-
lems seems to be a particular challenge for teachers (Eklund et al., 2009; Papandrea
&Winefield, 2011; Rothì et al., 2008; Trudgen & Lawn, 2011). Aside from students’
families, teachers usually possess the broadest information about individual stu-
dents. Observations in and outside the classroom, documents like assignments and
exams, conversations with other teachers, the students themselves, parents or other
students can provide meaningful insights. Moreover, teachers can observe their
students over the course of at least one school year and therefore gain a develop-
mental perspective on each student. In particular, externalizing disorders like ADHD
that manifest considerably in a student’s behavior allow teachers to apply a wide
range of observational methods and resources. Other disorders that can be identified
by teachers are developmental disorders of scholastic skills like dyslexia, since they
have a strong impact on a student’s performance.

Generally, the literature on teachers’ diagnosing of students’ psychological
problems is sparse. One reason for that might be that the topic is located at the
intersection of two professional disciplines, namely teaching and clinical psychol-
ogy. These two disciplines as well as adjacent professional disciplines offer valuable
insights into teachers’ diagnosing and how to design a suitable learning environment
for pre-service teachers. The following section further elaborates on the interdisci-
plinary relations concerning teachers’ diagnosing of students’ psychological
problems.

8.3 Interdisciplinary Setting

The central discipline with respect to designing a simulation and learning environ-
ment that aims to improve teachers’ diagnostic competences is of course teacher
education. It is important to understand that diagnosing students’ psychological
problems is only one among many demands teachers are asked to fulfill in their
everyday practice. Therefore, realistic learning objectives must first be determined. It
seems reasonable to suggest that teachers should be able to identify students’
psychological problems in terms of distinguishing between clinically relevant and
nonrelevant behavior, reflect on potential hypotheses and generate, evaluate, and
integrate evidence obtainable in the everyday school setting. Therefore, the learning
goal is the capability to draw substantiated conclusions and formulate argumentation
texts to communicate these conclusions to other teachers and psychological
professionals.

The distinction between clinically relevant and nonrelevant behavior and the
classification of symptoms in terms of disorders are closely related to the discipline
of clinical psychology. These concepts build on diagnostic categories defined by the
medical domain and documented in diagnostic manuals such as the ICD-10 (Dilling
et al., 2015), which serves as the diagnostic reference standard in Germany. To
achieve the aforementioned learning goal, pre-service teacher education needs to
provide basic conceptual knowledge on diagnostic classifications and related
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symptomatology that are particularly relevant for the age group served by a given
school type. Moreover, some general strategic knowledge on how to approach
diagnosing, generate evidence, and differentiate between different diagnoses with
similar manifestations is necessary.

To design an effective learning environment that targets teachers’ diagnostic
competences, research on diagnostic processes and actions should be taken into
account. Such research can primarily be found in the discipline of medical education.
A central insight in this field is that learning how to apply conceptual diagnostic
knowledge and diagnostic strategy based on case information requires repeated
practice (Schmidt & Rikers, 2007). In medical education, this practice is commonly
provided by confronting learners with virtual patients (Berman et al., 2016). Edu-
cators present virtual patients in different presentation formats. One such format is
the serial cue format, which presents case information separated by units. Typically,
the case information is presented as the results of various medical tests, which can be
accessed in a sequential fashion.

8.4 Simulation Description

FAMULUS designs and tests a learning environment involving document-based
simulation to foster diagnostic competences. The learning environment is
implemented using the learning management system CASUS (Simonsohn &
Fischer, 2004). Building on the idea of virtual patients, the learning environment
presents six cases of students showing problems that are potentially related to a
behavioral, developmental or learning disorder. The cases were developed with the
involvement of experts in school psychology and educational sciences. Blueprints
were created before the case information was divided up and assigned to informa-
tional sources like “classroom observation” or “meeting with parents”. Based on the
blueprints, different types of learning materials were developed, e.g., written records
of conversations or observations and visuals of documents, such as report cards and
school assignments. Following this procedure, six cases in the serial cue format were
designed and implemented in the simulation-based learning environment. Another
expert from psychotherapy validated the cases in terms of symptomatic authenticity
and representativeness.

During the learning phase, learners first watch a 20-min video presenting basic
knowledge about diagnosing and behavioral, developmental, and learning disorders
among students. This video was included to meet learners’ prerequisites (see
Chernikova et al., 2022) by addressing their limited prior professional
knowledge base. Next, learners are asked to adopt the perspective of a teacher and
diagnose the six learning cases. While interacting with the learning environment,
they need to apply four epistemic activities in particular (Chernikova et al., 2022;
Fischer et al., 2014): generating hypotheses, generating evidence, evaluating evi-
dence and drawing conclusions. For each case, they receive brief initial problem
information. On this basis, the learners need to generate up to three initial hypoth-
eses. They then can access the complete case information, which is presented in
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serial cue format with the following informational sources: the teacher’s classroom
observations, schoolyard observations, school assignments and report cards as well
as conversations with other fictional teachers, the student him- or herself and the
student’s parents. The learners do not have to examine all informational sources but
make selections and stop the information search at any time. Thus, the learning
environment simulates the activities of evidence generation and evaluation. As a
final task for each case, learners have to draw a diagnostic conclusion. Moreover,
they are asked to communicate their diagnostic actions and write a substantiated
argumentation text for their conclusion in a free-text format.

8.5 Feedback Description

As part of the learning environment, an automatic adaptive feedback tool was
designed as a learner support (see Chernikova et al., 2022). It specifically addresses
the gap between a learner’s answer and the sample solution for each learning case
and provides hints on how to better apply relevant conceptual and strategic knowl-
edge. Providing such process-related explanations which point the learners to indi-
vidual options for improvement has been shown to be more effective for learning
competences than simpler feedback like presenting the correct response—e.g., an
expert solution (Hattie & Timperley, 2007).

Learners receive automatic adaptive feedback on their diagnostic argumentation
texts. The feedback is given on two levels: the application of a diagnostic strategy
and the application of case-specific concepts. The general diagnostic strategy refers
to the epistemic activities of generating hypotheses, generating evidence, evaluating
evidence and drawing conclusions (Fischer et al., 2014). The case-specific concepts
concern differential hypotheses in the clinical spectrum (e.g., ADHD) as well as
hypotheses in the nonclinical spectrum (e.g., family problems), and particular
evidence (e.g., inattention, hyperactivity and impulsivity). To provide in-time auto-
matic adaptive feedback, the learners’ argumentation texts are automatically ana-
lyzed by an NLP algorithm, more specifically an artificial neural network (Schulz
et al., 2019). The algorithm automatically identifies the presence or absence of the
four epistemic activities and several case-specific concepts. It does so by calculating
the likelihood of expressions’ affiliation to previously trained categories. This
enables the algorithm to automatically analyze new texts and recognize unknown
expressions, which, however, need to be similar to what the algorithm learned
earlier. This automatic analysis, in turn, activates a range of predefined feedback
components. These components combine to form a real-time automatic adaptive
feedback response for each learner’s argumentation text for each learning case.

If, for example, a learner did not draw a diagnostic conclusion in their argumen-
tation text, he or she receives the feedback that this component is essential but
missing in their submitted argumentation text. The learner is also prompted to
include a substantiated conclusion in their next argumentation text. One example
for feedback on the conceptual level would be the confirmation of correctly consid-
ered diagnoses and the correction of incorrectly considered diagnoses as well as
feedback on specific evidence used to justify the arguments.
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The overall quality of the adaptive feedback critically depends on how accurately
the NLP algorithm detects epistemic activities and case-specific concepts. The
following section further illustrates the associated tasks and challenges for the
project, referring to the example of automatically analyzing epistemic activities.

8.6 Training of an NLP Algorithm

Previous studies have already attempted to train NLP algorithms for the automatic
identification of epistemic activities (Daxenberger et al., 2018). These algorithms
were trained based on the coding of think-aloud protocols of pre-service teachers
diagnosing everyday classroom problems (Csanadi et al., 2016) and social workers
diagnosing client problems (Ghanem et al., 2018). These studies applied the method
of conditional random fields (CRFs; Okazaki, 2007). CRFs consider the correlations
between adjacent codes to identify the best chain of codes for each sentence (Ma &
Hovy, 2016). However, the accuracy of the algorithms in identifying epistemic
activities was rather weak.

The FAMULUS algorithm is trained based on argumentation text data collected
in the context of a previous study. This previous study had 118 pre-service teachers
learn with a preliminary version of the FAMULUS simulation-based learning
environment involving the six current learning cases and two additional cases
from the same symptomatic spectrum. The resulting data set of 944 argumentation
texts was manually coded by four coders concerning the four epistemic activities of
generating hypotheses, generating evidence, evaluating evidence and drawing con-
clusions. The intercoder reliability was calculated based on 150 fourfold-coded texts,
resulting in sufficient agreement.

Based on a data set of 440 argumentation texts, a first neural network model was
fitted. The CRF method was combined with the more recent method of bidirectional
long short-term memory (BILSTM; Reimers & Gurevych, 2017). The BILSTM
method considers the overall context of codes within the text by looking at bidirec-
tional long-term dependencies (Ma & Hovy, 2016). Schulz et al. (2019) provide
further details about the methodology and model fitting process.

The performance of the algorithm was tested on 110 additional argumentation
texts, showing a satisfactory model fit. The algorithm’s coding performance was also
compared to the human intercoder reliability and achieved more than 70% of the
human coding performance. Moreover, the FAMULUS algorithm achieved almost
twice the performance reported by previous studies attempting to train algorithms for
the automatic identification of epistemic activities (Daxenberger et al., 2018).

In the future, the training data set for the algorithm will be extended to the full
data set of 944 argumentation texts. The algorithm will also be extended to auto-
matically code the dimension of case-specific concepts. The extended and improved
algorithm will then serve as a basis for the automatic adaptive feedback component.
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8.7 Outlook

In an upcoming laboratory study, the automatic adaptive feedback will be compared
with a nonadaptive feedback option regarding the effect on learning diagnostic
competences. In doing so, we will contribute to Questions 2 (learner support) and
4 (adaptation) of the overarching research questions mentioned in the introduction
by Fischer et al. (2022). The proposed sample for the study consists of
180 pre-service teachers. They will access the learning environment, diagnose the
six simulated learning cases and write an argumentation text for every case. Partic-
ipants in the experimental condition will receive adaptive feedback in line with their
argumentation texts, while participants in the control group will receive static
feedback consisting of a comprehensive expert solution. The effects of both types
of feedback will be analyzed regarding several outcomes: (1) diagnostic accuracy in
the learning cases and (2) knowledge gain from pre- to post-test. It is expected that
the automatic adaptive feedback will exceed the nonadaptive expert solution in terms
of participants’ performance and learning gains.

This experimental study will be replicated in a second FAMULUS sub-project
that develops a highly similar learning environment and adaptive feedback compo-
nent to foster diagnostic competences in medical education. In the medical learning
environment, learners will have to diagnose six patients with symptoms of fever or
back pain. An interdisciplinary comparison of the sub-projects from teacher and
medical education regarding learners’ interactions with the learning environment
and the structure of their diagnostic argumentations might reveal interesting results
as well. One example would be to explore sequences of epistemic activities in
diagnostic argumentation (see Csanadi et al., 2018). The sequence of epistemic
activities seems to differ substantially across pre-service teachers. A comparison
with medical students might indicate interdisciplinary similarities or differences in
the variability and predominant patterns of sequences. Moreover, changes in vari-
ability and sequences across the learning cases will be examined.

Another area of exploration is how to further improve the NLP algorithm’s
coding accuracy. The accuracy generally depends on several determinants, such as
the consistency and quality of the text material, the amount of training data, the
consistency and quality of the training data, and consistency of the coding in the
training data. One solution approach within the FAMULUS project is an attempt to
improve the consistency and quality of the text material that has to be coded. The
previously collected text material currently being used as training data will be
analyzed in terms of the potential need to further clarify the task instructions.
Improving the instructions (if necessary) might in turn improve the consistency
and quality of the argumentation texts collected in the upcoming study and hence
future additional NLP training data. Adding argumentation texts from the upcoming
study to the training data will also increase the overall amount of training data. These
steps might further increase the algorithm’s accuracy and thus also the quality and
effectiveness of the automatic adaptive feedback.

Lastly, it will be interesting to examine how the FAMULUS learning environ-
ment can be integrated into actual higher education classes. This transfer will be
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investigated in a field study. This simulation-based learning opportunity will be
offered in regular teacher education classes at three different universities. The
implementation will be evaluated and the results of the laboratory studies will be
validated.

8.8 Conclusion

Simulation-based learning is a feasible approach to implement effective learning
environments in higher education for competences, such as diagnostic competences.
However, learning competences requires specific and intensive learner support.
Implementing high-quality learner support that can be feasibly applied on a large
scale is a major challenge. Automation using artificial intelligence seems to be a
promising way to approach some parts of these challenges. FAMULUS illustrates
and evaluates natural language processing measures to automate process-related
feedback on diagnostic argumentation text answers. Some initial applications of
the natural language processing algorithms presented in this chapter indicate that the
automated text analyses might be sufficiently accurate to support learners with
adaptive process-related feedback during their learning. This appears to be particu-
larly important in interdisciplinary and ill-defined fields of application like teachers’
diagnosing of students’ behavioral, developmental, and learning disorders, where
corresponding learning opportunities are largely lacking or neglect competence-
oriented learning.
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The images or other third party material in this chapter are included in the chapter's Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter's Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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