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Abstract: Teachers need to learn complex skills in higher education, such as diagnostic argumentation. We suggest that relations between the
argumentation facets justification, disconfirmation, and transparency are a relevant indicator for the quality of diagnostic argumentation.In an
experimental study, we investigated whether automatic adaptive feedback — based on natural language processing — compared to static feed-
back facilitates relations between the argumentation facets in preservice teachers' diagnostic argumentation when learning with case-based
simulations. A sample of N = 60 preservice teachers received adaptive or static feedback on their written explanations concerning simulated
cases of pupils having behavioral or reading and writing problems. Using Epistemic Network Analysis, we analyzed learners' written explana-
tions and found that adaptive feedback compared to static feedback facilitates relations between justification, disconfirmation, and transpa-
rency in preservice teachers' diagnostic argumentation. The results confirm that adaptivity is an important feature of effective feedback, which
can be automated by methods of natural language processing.

Keywords: simulation, adaptive feedback, teacher education, diagnosing, natural language processing

Forderung von Begriindung, Widerlegung und Transparenz im diagnostischen Argumentieren: Effekte automatisch adaptiven Feedbacks
in der Lehrkraftebildung

Zusammenfassung: Lehrkrafte sind bereits wahrend ihrer universitaren Ausbildung mit dem Erlernen komplexer Fahigkeiten konfrontiert, wie
etwa dem diagnostischen Argumentieren. Ein relevanter Indikator fur die Qualitat diagnostischer Argumentation ist das Zusammenspiel zwischen
den Argumentationsfacetten Begrindung, Widerlegung und Transparenz. In einer experimentellen Studie untersuchten wir die Effekte adaptiven
Feedbacks, das mittels Natural Language Processing automatisiert wurde, im Vergleich zu statischem Feedback auf das Zusammenspiel zwi-
schen den Argumentationsfacetten in der diagnostischen Argumentation von Lehramtsstudierenden beim Lernen mit fallbasierten Simulationen.
Eine Stichprobe von N = 60 Lehramtsstudierenden erhielt entweder adaptives oder statisches Feedback auf ihre schriftlichen Erklarungen zu si-
mulierten Fallen von Schilerinnen und Schilern mit Verhaltens- oder Lese- und Rechtschreibproblemen. Eine Epistemic Network Analysis der
schriftlichen Erklarungen der Lernenden legt nahe, dass adaptives Feedback im Vergleich zu statischem Feedback das Zusammenspiel zwischen
Begrindung, Widerlegung und Transparenz in der diagnostischen Argumentation von Lehramtsstudierenden fordert. Die Ergebnisse unterstrei-
chen die Relevanz von Adaptivitat fur effektives Feedback und dessen Automatisierung mittels Natural Language Processing.

Schliisselworter: Simulation, adaptives Feedback, Lehrerbildung, Diagnostizieren, Natural Language Processing

Introduction terize such communicative aspects of diagnostic skills
as diagnostic argumentation, which we conceptualize
Simulation-based learning offers future teachers opportu-  through relations between the facets justification, discon-

nities to practice diagnostic skills, such as communicating  firmation, and transparency. In this study, we investigate
with school psychologists about pupils, who might have = how automatic adaptive feedback compared to static feed-
significant learning difficulties (e.g., dyslexia). We charac-  back facilitates relations between justification, disconfir-
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mation, and transparency in preservice teachers' written
diagnostic argumentation when learning with simulations.

Teachers' diagnostic skills

Teachers' diagnostic skills include assessing pupils' per-
formance, progress, and learning prerequisites (e.g., Siid-
kamp et al., 2018). Teachers also play an important role in
initially identifying pupils who have clinically significant
learning difficulties or behavioral problems, such as dys-
lexia or an attention deficit hyperactivity disorder (ADHD).
In many educational systems, actual clinical diagnoses are
made by clinical professionals, such as school psycho-
logists, with whom teachers need to collaborate (Albritton
et al., 2021). In such situations, teachers need to explain
their diagnostic reasoning to achieve a joint understanding
with a collaborating professional, which we refer to as di-
agnostic argumentation.

We characterize diagnostic argumentation by three
complementary argumentation facets that build on two
basic dimensions - an epistemic dimension (i.e., epistemic
activities; e.g., evaluating evidence) and a content dimen-
sion (e.g., case-specific evidence, such as hyperactive be-
havior; Bauer et al., 2019; Bauer et al., 2022): Justification
describes evaluating evidence (e.g., inattention, hyperac-
tivity, etc.) as a basis for drawing diagnostic conclusions
(see Toulmin, 1958). Disconfirmation of alternative expla-
nations denotes explicating and discussing differential di-
agnoses (e.g., ADHD, emotional stress, etc.; see Lawson,
2003; Toulmin, 1958). Transparency concerning the ap-
plied methods constitutes of describing the sources of evi-
dence and the processes of evidence generation (e.g.,
tests, observations, conversations, etc.; see Chinn & Rine-
hart, 2016).

Prior research suggests that preservice teachers seem
to focus on justification and tend to omit disconfirmation
and transparency in their diagnostic argumentation (Bau-
er et al., 2022). However, the information associated with
the three facets is complementary: Justification in relation
with disconfirmation indicates discussing two or more
competing diagnoses in light of the evidence; justification
in relation with transparency indicates explicating and po-
tentially evaluating methods and sources used to generate
specific evidence; disconfirmation in relation with trans-
parency indicates generating evidence for drawing con-
clusions concerning one or more specific diagnoses (Bauer
et al., 2019). Relating the different facets' complementary
information strengthens the conclusiveness of diagnostic
argumentation. Therefore, we consider relations between
the complementary information of justification, disconfir-
mation, and transparency as a relevant indicator for the
quality of diagnostic argumentation. Facilitating these as-
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pects of diagnostic skills seems relevant for preparing fu-
ture teachers for professional situations that require diag-
nostic argumentation.

Simulation-based learning and feedback

To facilitate diagnostic argumentation in higher educa-
tion, meta-analytical evidence suggests using case-based
simulations (Chernikova et al., 2020), which are approxi-
mations of practice that include simplified, yet valid re-
presentations of professional situations (Grossman et al.,
2009). Simulation-based learning might benefit from
elaborated feedback, which provides information on the
appropriate task processing (Wisniewski et al., 2020).

In online learning environments (e.g., digital case-
based simulations), elaborated feedback is often imple-
mented as static feedback, for example by providing an ex-
pert solution that exemplifies optimal task processing.
However, static feedback requires learners to compare
their own solution themselves, which demands high levels
of learners' cognitive capacities (Sweller et al., 2019) - es-
pecially with regard to demanding tasks, such as diagnos-
tic argumentation. In contrast, adaptive feedback adjusts to
a learner's task solution by directly addressing gaps com-
pared to the expert solution (Bimba et al., 2017), such as
missing argumentation facets in learners' diagnostic ar-
gumentation. By making relevant feedback information
more visible and accessible to the learners (Machts et al.,
2024), adaptive feedback increases the salience of the
feedback information, which might facilitate learners'
cognitive processing of the feedback (Sweller et al., 2019).

While providing an expert solution as static feedback is
easily automated, automating adaptive feedback on learn-
ers' argumentative task solutions is challenging. Yet, re-
cent technological advancements in the field of artificial
intelligence-based natural language processing (NLP)
-namely artificial neural networks that process the context
within language instead of only recognizing words - facili-
tate automating the analysis of written arguments and
thus, adaptive feedback on argumentative task solutions
(e.g., Wambsganss et al., 2021). However, the effects of
NLP-based automatic adaptive feedback compared to static
feedback on the relations between justification, disconfir-
mation, and transparency in preservice teachers' diagnos-
tic argumentation are yet to be investigated.

The present study
In this study, we reanalyzed data from a prior study (Sailer
et al., 2023), which investigated effects of NLP-based au-

tomatic adaptive feedback compared to static feedback in
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individual compared to collaborative learning settings on
preservice teachers' diagnostic accuracy and the quality of
justifications when learning with simulations. This prior
study did not investigate relations between justification,
disconfirmation, and transparency in preservice teachers'
diagnostic argumentation. To analyze relations between
argumentation facets, the present reanalysis employed the
method of Epistemic Network Analysis (ENA; Shaffer,
2017). ENA analyzes relations between categories in data
(e.g., Omarchevska et al., 2021), such as relations between
argumentation facets within written explanations, as well
as the relative emphasis on these categories.

In our reanalysis, we investigated the effects of adaptive
compared to static feedback on the relations between justi-
fication, disconfirmation, and transparency and thus, on the
quality of preservice teachers' diagnostic argumentation.
We hypothesized that adaptive feedback compared to static
feedback facilitates relations between justification, discon-
firmation, and transparency, because adaptive feedback
might increase the salience of feedback information ad-
dressing the argumentation facets and their relations.

Method

Participants and research design

For our reanalysis, we used a subsample of our prior study
(Sailer et al., 2023) and excluded the learners of a collabo-
rative learning condition to focus on the effects of adaptive
compared to static feedback on individual learners' dia-
gnostic argumentation. We reanalyzed data of N = 60
German preservice teachers (50 female, 10 male; age:
M =22.47, SD = 3.45 years; semester: M = 4.62, SD = 3.13,
Min = 1, Max = 14), using a randomized experimental
design with the between-subjects factor type of feedback
and the two experimental groups adaptive feedback (n = 30)
and static feedback (n = 30).

Learning environment, materials and tasks

Learners were asked to take on the role of a teacher and
process six simulated pupil cases in a learning phase and
two simulated pupil cases as post-test. All cases concerned
pupils with various learning difficulties or behavioral prob-
lems that might indicate a clinical diagnosis in the range of
ADHD or dyslexia. The cases were implemented on the
case-based online platform CASUS (http://www.casus.
net). In each case, learners could access different sources
of evidence, such as conversation transcripts (see ESM 1,
Supplement A; for all learning materials see: https://osf.io/
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hn7wm/). To complete a case, preservice teachers wrote
an explanation concerning their diagnostic reasoning.

Static and adaptive feedback

In the learning phase, learners in the static feedback condi-
tion (SFC) received case-specific expert solutions, which
exemplified the epistemic and the content dimension of
how experts would relate the complementary information
of justification, disconfirmation, and transparency in their
diagnostic argumentation (see ESM 1, Supplement B: Sup-
plementary Figure 3).

In the adaptive feedback condition (AFC), learners' expla-
nations were analyzed by an NLP-algorithm, which was
trained using the Python-based web service NeuralWeb.
The training data (i.e., written explanations on the same
simulated cases of 118 preservice teachers) was manually
coded regarding diagnostic entities (i. e., content dimension;
e.g., hyperactivity) and epistemic activities (i.e., epistemic
dimension; e.g., evaluating evidence). Thus, the algorithm
could identify diagnostic entities and epistemic activities as
correct, incorrect, or missing in new explanations written by
learners in the present study (for details about the algorithm
and the feedback system see Pfeiffer et al., 2019 and Schulz
etal.,2019). Based on the automatic analysis, a suitable sub-
set of around 40 case-specific feedback paragraphs were
adaptively shown to the learner. Parts of the feedback ad-
dressed the epistemic activities and their relations (i.e.,
epistemic dimension) and other parts the diagnostic entities
and their relations (i.e., content dimension; see ESM 1, Sup-
plement B: Supplementary Figure 4). The adaptive feedback
also offered highlighting diagnostic entities and activities
found in a learner's submitted explanation.

Procedure

Participants spent M = 156.50 (SD = 33.65) minutes on the
laboratory study. They watched a short video about navi-
gating in CASUS and an 18-minute video input about pu-
pils' learning difficulties and behavioral problems. Next,
participants entered the learning phase with six simulated
cases and received static or adaptive feedback. Partici-
pants took a short break after three cases. Finally, partici-
pants processed two post-test cases without receiving
feedback.

Data sources and measurements

As data source, we used the written explanations from the
two post-test cases (see ESM 1, Supplement A). We manu-
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ally coded the explanations of all cases using a case-specif-
ic coding scheme for (a) justification, (b) disconfirmation,
and (c) transparency. Two trained raters double coded
18 % of the data and achieved substantial agreement: For
(a) justification, we coded the presence or absence of the
six primary supporting pieces of evidence for the correct
diagnosis (Cohen's x = .90). For (b) disconfirmation, we
coded the presence or absence of the six most relevant dif-
ferential diagnoses (Cohen's x = .94). For (c) transparency,
we coded the presence or absence of informational sourc-
es of the six primary evidences for the correct diagnosis
(Cohen'sk=.92).

Statistical analysis

To investigate the relations between justification, discon-
firmation, and transparency in preservice teachers' diag-
nostic argumentation, we used an ENA (Shaffer, 2017).
The ENA algorithm operationalized the argumentation
facets' relations by accumulating and weighting co-occur-
rences of the argumentation facets, first within learners'
written explanations, then per simulated case, and then
per experimental group (SFC vs. AFC). The resulting
mathematical model is depicted in two-dimensional net-
work graphs. The graphs show the strength of relations
(i.e., relative frequencies of co-occurrences) between jus-
tification, disconfirmation, and transparency per experi-
mental group as a network. In addition, group means pro-
vide information about the relative focus on the facets and
on their relations in the argumentation. By aligning two
group means on one axis in the network space, systematic
variance is shifted to one dimension, which enables statis-
tical testing of group differences. To test group differences
between SFC and AFC, we used an independent-samples
t-test (a=.05).

Transparencye

Disconfirmation Disconfirmation

FerTre

Justification
a. Static Feedback

b. Comparison

;ngfiaptive
Static

Results

Using ENA, we investigated whether adaptive compared
to static feedback facilitates relations between justifica-
tion, disconfirmation, and transparency in preservice
teachers' diagnostic argumentation in the two post-test
cases. A randomization check indicated no significant a
priori performance differences (see ESM 1, Supplement C)
or differences in time on task in the learning phase (see
ESM 1, Supplement D) between the two feedback condi-
tions. Supplement E reports descriptive and inferential
statistics of the individual argumentation facets.

Figure 1 presents the diagnostic argumentation networks
of the SFC (Figure 1a) and of the AFC (Figure 1c). The thick-
ness of the networks' colored edges reflects the relative
strength of relations between two argumentation facets re-
spectively. In both conditions, the relation between justifi-
cation and disconfirmation (i.e., discussing differential di-
agnoses in light of relevant evidence) had the highest
relative frequency. The relation between justification and
transparency (i.e., explicating methods and sources used to
generate relevant evidence) had the second highest relative
frequency in both conditions. The comparison graph (Fig-
ure 1b) subtracts the two networks to highlight their differ-
ences and shows a group mean for each feedback condition
(colored squares; dashed boxes are confidence intervals).

The group mean of the SFC (Figure 1b, red square) was
located toward the edge representing the relation between
justification and disconfirmation. However, along the edge
connecting justification and disconfirmation as well as in
comparison to the AFC group mean, the SFC group mean
was located more toward justification. We interpret this
finding such that overall, learners in the SFC showed a rel-
atively strong focus on justification.

By comparison, the group mean of the AFC (Figure 1b,
blue square) was located higher along the Y-axis, more to-

Transparency, Transparencyg

Disconfirmation

Justification
c. Adaptive Feedback

Justification

Figure 1. Diagnostic Argumentation Networks of the SFC (1a) and the AFC (1c) in the Post-test; The Comparison Plot (1b) Shows Differences Bet-
ween the Two Networks, Group Means (Colored Squares), and Confidence Intervals (Dashed Boxes).
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ward disconfirmation and transparency. This more central
position suggests that learners in the AFC included rela-
tively more relations between justification, disconfirma-
tion, and transparency compared to learners in the SFC.
Learners in the AFC especially focused more on the rela-
tion between justification and transparency (i.e., a strong-
er engagement in explicating methods and sources used to
generate relevant evidence). However, as indicated by the
comparison graph and the position of the group mean,
learners receiving adaptive feedback also had a slightly
stronger focus on the relation between justification and
disconfirmation as well as the relation between disconfir-
mation and transparency.

The results of the ¢-test confirmed that the group means
of the SFC (M = -.12, SD = .65) and the AFC (M = .12,
SD = .55) were significantly different, £(114.71) =-2.16, p =
.03, Cohen's d = .40. The findings support the hypothesis
that adaptive compared to static feedback facilitates rela-
tions between justification, disconfirmation, and transpar-
ency in preservice teachers' diagnostic argumentation.

Discussion

In this study, we investigated whether NLP-based auto-
matic adaptive feedback compared to static feedback fa-
cilitates relations between justification, disconfirmation,
and transparency in preservice teachers' diagnostic argu-
mentation when learning with simulations. We consider
relations between the argumentation facets as a relevant
indicator for the quality of diagnostic argumentation: Pro-
viding and relating the complementary information asso-
ciated with the argumentation facets might facilitate
achieving a joint understanding with collaborating profes-
sionals (Bauer et al., 2019; Bauer et al., 2022).

Using the method of ENA (Shaffer, 2017), we found sup-
port for the hypothesis that adaptive feedback compared
to static feedback may foster relations between justifica-
tion, disconfirmation, and transparency. Preservice teach-
ers receiving static feedback had a relatively strong focus
on justification. This stronger focus on justification has to
be considered relative to the other argumentation facets,
thus, indicating fewer relations between argumentation
facets in general and the relation between justification
and transparency in particular. In a prior study, we found
that preservice teachers who received no feedback when
learning with simulations focused on justification in their
diagnostic argumentation as well (Bauer et al., 2022). The
results of the present study therefore suggest that static
feedback advanced preservice teachers' quality of diagnos-
tic argumentation less than adaptive feedback. Adaptive
feedback was superior in fostering preservice teachers' ar-
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gumentation quality in terms of relating the complementa-
ry information associated with justification, disconfirma-
tion, and transparency.

Adaptive feedback might have facilitated learners' cog-
nitive processing of the feedback by increasing the salience
of feedback information addressing the argumentation fac-
ets and their relations (Machts et al., 2024; Sweller et al.,
2019). The adaptive feedback addressed whether the fac-
ets of diagnostic argumentation were identified as present
or missing in learners' submitted explanations, whereas
the static feedback exemplified the argumentation facets
without directly addressing the learners' explanations. The
adaptive feedback also offered to highlight the correspond-
ing parts in learners' explanations (see ESM 1, Supple-
ment B: Supplementary Figure 4), thus making connec-
tions between the feedback information and the learners'
explanations more visible and accessible to the learners.
The results emphasize that elaborated feedback is most ef-
fective when adaptively addressing learners' task process-
ing and helping them to understand how to improve their
performance (Bimba et al., 2017; Wisniewski et al., 2020).
Using an artificial neural network algorithm for NLP proved
to be feasible and effective for providing adaptive feedback
on written explanations in real-time. However, training
data and expertise in NLP are resource intense necessities
that need to be considered. Yet, the NLP-based approach
might be efficient for employing adaptive feedback on writ-
ten task solutions at a large scale (e.g., for high numbers of
students in teacher education programs).

Investigating the quality of diagnostic argumentation by
the relations between justification, disconfirmation, and
transparency is a relatively new approach, which requires
further validation (e.g., comparing novices and experts).
Our reanalysis was underpowered for detecting small ef-
fects, which suggests replication research. The employed
NLP algorithms are specialized on the simulated cases used
in this study, which limits generalizability of both the ap-
plicability of the algorithms and our study's results. Future
research might investigate how to transfer the algorithms to
other cases. Further research might also investigate the ef-
fects of adaptivity with regard to different feedback charac-
teristics (e.g., salience through highlighting).

Conclusion

Artificial intelligence-based NLP proved to be an effective
approach for automating adaptive feedback. Adaptive
feedback compared to static feedback fosters the quality of
preservice teachers' diagnostic argumentation, indicated
by the relations between justification, disconfirmation,
and transparency, when learning with simulated cases. Fa-
cilitating diagnostic argumentation in teacher education
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programs by using case-based simulations with adaptive
feedback might contribute to the further professionaliza-
tion of future teachers.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/10.
1024/1010-0652/2a000363

ESM 1. Provides further information about the simulation
and the post-test cases, the static feedback and automatic
adaptive feedback, and the results of additional analyses
(PDF).
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