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Supplement A. Simulated Post-test Cases

The six learning cases and the two post-test cases started with a brief description, in which a
pupil was introduced as having some particular learning difficulties or behavioral problems.
The participating pre-service teachers were asked to take on the role of the pupil’s teacher and
further proceed with the case. On the next page, the participants saw a menu, which provided
access to different sources of evidence (see Supplementary Figure 1 and Supplementary
Figure 2). All of the simulated cases in the learning phase and in the post-test contained the
same sources of evidence: An observational report of the pupil’s behavior toward their peers
(e.g., during recess); an observational report of the pupil’s behavior during learning activities
in the classroom; samples of the pupil’s written assignments (e.g., exercises and tests); the
latest school certificate; a transcript of a conversation with colleagues that teach the pupil in
other subjects; a transcript of a conversation with the pupil; and a transcript of a conversation
with the pupil’s parents during a parent-teacher meeting (see Supplementary Figure 1 and
Supplementary Figure 2). Learners were free to choose, which sources of evidence they
would like to examine and in which order they would like to do so. To complete a case,
learners could click on “Submit Diagnosis” and write an explanation concerning their
diagnostic reasoning.

Supplementary Figure 1

Examples of Materials from the First Post-test Case
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Please note that you can freely choose to access the following informational sources in any sequence. You can return to this
menu at any time before submitting your final diagnosis.

Social Behavior Learning & Work Behavior Talk with Klara Collegial Exchange
Parent-Teacher Meeting Annual Report Submit Diagnosis

Eiterngesprich

v

> vork Zwischenzeugnis
Sprechstunde:

Sie: Guten Tag, wie kann ich Ihnen weiterhelfen?

Vater:

fanke. dass wir so kurzfristig zu Ihnen kommen durften!
wir o

h immer mit Sem ganz gut durchgeschiagen,

ich

o i ist selbst schon aufgefallen, d:
‘schwer tut. Aber erzahlen Sie mir doch zunachst einmal. wie die
Hausaufgabonsituation 2unause vorlauft

Mutter: Nun, ich, ha

\en. darGiber bin ich sehe froh. Von anderen Eltern hort man ja oft S
s 5.
Sie-Sind fastaller i

The first post-test case (see Supplementary Figure 1) was concerned with a fifth-

grader named Klara. The learners were asked to take on the role of the Klara’s teacher of
German and geography. Klara is described as socially well integrated, sharing several
friendships with other girls in the class. She is rather calm during the lessons, but she gives

https://doi.org/10.1024/1010-0652/a000363



good answers on question asked by the teacher. Her essays usually contain creative ideas and
she seems to spend an adequate amount of effort on completing her assignments. However,
her orthography skills are very poor. As also observable in the accessible samples of her
written assignments (see Supplementary Figure 1), she tends to confuse orthographic rules
and make basic spelling errors, such as omitting characters within words. She is also not
consistently making the same mistakes but sometimes misspells the same words in different
ways. By contrast, her reading speed and reading comprehension meet the average
performance level and she rather seems to enjoy discussing reading assignments. Her latest
school certificate as well as a conversation with Klara’s teacher of science and technology
indicate that Klara generally achieves average to good grades. However, particularly in
subjects that require a lot of writing, her grades seem to suffer from her writing. A
conversation with Klara as well as a conversation with her parents confirm that she is aware
and ashamed of her writing difficulties. However, the conversation with the parents also
indicates that during elementary school, Klara used to achieve average grades for her writing.
Overall, the case information was designed such that it suggests an isolated spelling disorder
as the most likely explanation for Klara’s performance problems.

Supplementary Figure 2

Examples of Materials from the Second Post-test Case
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Please note that you can freely choose to access the following informational sources in any sequence. You can return to this
menu at any time before submitting your final diagnosis.

Social Behavior Learning & Work Behavior Talk with Ralf Collegial Exchange Gesprichmit Raif
7 Ralf auf
Parent-Teacher Meeting Annual Report Submit Diagnosis angesprocher:

s denn?

fgefallen. dass du manchmal nicht ganz bei der Sact|
trdumst - empfindest du das auch s07

Zyischenzeugnis

Ralf: Hmm, ja kann s,
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Sache blaibon...ich finde das auch irgendwio blod.
s0?

 streite ich manchmal deswegen.

?
hter, wenn ich mich

erlager tun konnen. Und wie
dir sons ‘neuen” Schula? Hast du dich gut eingew

a
af: 3a, ut hier und die Kiass ist auch natt ch hat |
schnell wieder Freunde gefunden.
os e

The second post-test case (see Supplementary Figure 2) was concerned with a fifth-

grader named Ralf. The learners were asked to take on the role of the German teacher, who
realized that Ralf tends to be rather inattentive during class. He is known as outgoing and
talkative toward his peers. During school recess, other kids with whom he jokes around

usually surround him. In contrast, during class, he is usually very quiet and sometimes seems
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to be lost in thought. In addition, he is generally very slow in completing his assignments and
often does not fully finish them, which is also observable in the accessible samples of his
written assignments (see Supplementary Figure 2). He is rather disorganized and tends to
forget his learning materials, such as handouts or schoolbooks, at home. The latest school
certificate as well as a conversation with the math teacher indicate that Ralf generally
achieves average to poor grades. He has particular performance problems in math and is
currently having the lowest average math grade of all pupils in his class. Ralf himself
confirms that he tends to get lost in thought and explains that he has difficulties to stay
concentrated while doing a task. He emphasizes that it is easier for him to concentrate in some
classes, such as German class, which he enjoys more than other classes, such as math. At
home, his inattentiveness sometimes causes arguments with his mother. During a parent-
teacher conference, his mother explains that she repeatedly needs to remind Ralf to start doing
his homework as well as finishing it. Overall, the case information was designed such that it
indicates an attention-deficit disorder with a potential comorbid dyscalculia as the most likely
explanation for Ralf’s performance problems.

Supplement B. Static and Adaptive Feedback

Learners in the static feedback condition 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 Supplementary Figure 3).

In the adaptive feedback condition (AFC), learners’ explanations 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. Based on
the automatic analysis, a suitable subset of around 40 case-specific feedback paragraphs were
adaptively shown to the learner. Parts of the feedback addressed the epistemic activities and
their relations (i.e., epistemic dimension) and other parts the diagnostic entities and their
relations (i.e., content dimension; see Supplementary Figure 4). The adaptive feedback also
offered highlighting diagnostic entities and activities found in a learner’s submitted

explanation.
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Supplementary Figure 3
Static Feedback

Learners’ explanation

Static feedback

tete Fr t

Ihre Antwort:
Anton ist in allen Facher gut auBer Deutsch. Er hat groBe Schwierigkeiten beim Lesen und mit der Rechtschreibung.
Glucklicherweise befindet er sich in einem Umfeld, dasgmf\rsemeFMemmlst.Dedenfalswecench dasssemeMuttenhnbe:den

Hausaufgaben betreut und auch anderweitig
Leistungsdefizit, das er noch wieder aufholt. Ich d

evidence; involving relevant diagnostic entities, i.e., relevant pieces
of evidence) exemplified in the expert solution:

Diese Frage dient der Selbstuberprifungunq  «  pe experiences difficulties in both reading and writing: His

him to read and he cannot correctly divide words into single

Der 7-jahrige Erstklassler Anton fal

An example of justification (diagnostic activity of evaluating \

reading speed and accuracy are low and he also has problems with
reading comprehension. Especially unfamiliar words are difficult for

characters and syllables. His writing problems are indicated by ...” /

Arbeitsverhaltens fallt auf, dass er,
Lesegeschwindigkeit und -genauigkeit ai
unbekannter Worter fallt ihm schwer, auBq
Probleme im Bereich der Rechtschreibung
kann, Schriftbild und Geschwindigkeit mit|
verwechselt oder umstellt. Worter werde

Kleinschreibung beherrscht er nicht. Gg

einfacher als auch schwieriger Wortey

An example of transparency (diagnostic activity of generating
evidence; involving relevant diagnostic entities, i.e., relevant
informational sources) exemplified in the expert solution :

student’s tests and assignments should be analyzed: The report of
his latest reading exercise indicates ... In another reading test, his
answers ... In the latest dictation exercise there are ...”

Um die genannten Problembereic

“To generate further information on the identified problem areas, the

werden: Das Leseprotokoll spiegeft wieder,
einem Wort verschieifen kann. Die Antworl
Anton nicht sinnentnehmend gelesen. Im

Die aufgefihrten Auffalligkeiten sprecher|
die Leistungsprobleme des Schiile}
Leistungen zeigt. Das spricht gegen
kombinierte Stérung schulischer Leistu
klinische Aufmerksamkeitsproblematik,

hypotheses; involving relevant diagnostic entities, i.e., relevant
differential diagnoses) exemplified in the expert solution :

“In particular, the evidence prompts the hypothesis that the student
might have dyslexia. His problems are primarily evident in subjects
that require much reading and writing, which refutes several
relevant differential diagnoses, such as impaired vision, a mixed
disorder of scholastic skills, ...”

G) example of disconfirmation (diagnostic activity of generating \

v

unwahrscheinlich.
Um letztere auszuschlieBen, kann zunachst Antons Sozialverhalten beobachtet werden. Hier finden sich keine

Supplementary Figure 4

Automatic Adaptive Feedback

Learners’ explanation

Adaptive feedback

@ Textaufgabe

Anton ist in allen Fachem gut auf3er Deutsch. Er hat groBe Schwxmgkonon beim Lesen und mit der Rochtschmbung

Glacklicherweise befindet er sich in einem Umfeld, das gut fur seine Forderung ist. Jedenfalls weil® ich, dass seine Mutter |hn bei den

Hausaufgaben betreut und auch anderweitiq fordert. Anton ist erst in der ersten Klasse und viellei Ist es nur ein b
eistungsdefizit, das er noch wieder aufholt. Ich denke es kann aber sein, dass er eine Lese-Rech ickelt oder hat

\

Automatically detected instance of disconfirmation (“it could also
be a temporary performance deficif’) in the learner’s explanation,

Vielen Dank fur Ihre Antwort! which was highlighted by clicking on the corresponding feedback
Bitte klicken Sie auf die 4 Ruckmeldungen um paragraph:
Riickmeldungen zur Arg i “It is good that you discussed alternative explanations for the
®Gut, dass Sie(ggf. auch wieder verworfene) Vi pupil's Identlﬁeqp mb’e.m' b.ec.ause gene’a."ng a”e,mar,’ve
Hypothesen ermoglichen bei der Suche nach ein hypotheses facilitates identifying relevant information. /
OVe hen Sie, Ihr Vorgehen zur gew gonau« zu beschreiben. Das schafft Transp und
Nachr in der K AN - o

~

\rFeedback paragraph addressing the facet of transparency, which

4 Hier haben Sie die fir Sie wichtigen Erge
was missing in the learner’s explanation:

um im Anschluss eine fundierte Schiussfolgen
“Try to describe your approach to generating the information that
you used as evidence in further detail. Doing so increases
transparency and comprehensibility of your conclusions and the
potential necessity to generate further information.”

4 Sehr gut, Sie haben die gesammelten Infor
Schiussfolgerung gezogen

Rickmeld zu Diag! und Befund

4 Sehr gut, Sie haben erkannt, dass Anton wahrsc
Lese-Rechtschreibstorung zum Ende der ersten Klasse ist aufgmnd indmdueller Abwe»chungen in der Lementwicklung jedoch
eher unGblich. Es ware sinnvoll, den Schiler zum Beginn des zweiten Schuljahres weiter zu beobachten und bei Bestehen der
Probleme den Schulpsychologen wegen einer Testung hin. hen: Eine eind ge zu Lese- und
Rechtschreibproblemen kann letztlich nur mittels Te rfahren getroffen werden Das ausschlaggebende
Kriterium fur eine offizielle Diagnosestellung ist der mittels Testverfahren ermittelte Prozentrang innerhalb einer reprasentativen
Vergleichsstichprobe

4 Der Schiler hat in der Tat spezifische Leistungsprobleme im Bereich Lesen

OS«e hmen noch genauer spezﬁzlmn konnen, dass Anton im Bereich Lesen unter anderem Probleme mit der
ha ders das Lesen k Worter fallt ihm schwer. Auch das Leseprotokoll
sptogon wieder, dln Amon botm Worter 1F oder Buchstaben nicht zu einem Wort verschleifen kann. Seine

g

Eltem i dass die g Schwierigk auch zu Hause bei den Hausaufgaben beobachtbar sind

saiiAoe ansoubelp

sannua ansoubeip

uo yoeqpaad

uo yoeqpaad
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Supplement C. Randomization Check
Individual Argumentation Facets before the Feedback Intervention

In the following, we report the descriptive statistics of the individual argumentation
facets in the first learning case prior to receiving the first feedback, separated by the
experimental conditions. We also calculated a multivariate ANOVA with the independent
variable feedback and the dependent variables justification, disconfirmation, and transparency
to report inferential statistics concerning the a priori differences of the individual
argumentation facets between the static feedback condition and the adaptive feedback
condition.

In terms of justification, participants in the static feedback condition included on
average M = 2.63 (SD = 1.52) of the six primary supporting pieces of evidence for the correct
diagnosis in their diagnostic argumentation, whereas in the adaptive feedback condition the
average was M = 2.50 (SD = 1.11). The difference was not statistically significant, F(1,58) =
0.15, p = .70, np? = 0.003.

In terms of disconfirmation, participants in the static feedback condition included on
average M = 1.27 (SD = 0.89) of the six most relevant differential diagnoses in their
diagnostic argumentation, whereas in the adaptive feedback condition the average was M =
1.20 (SD = 1.11). The difference was not statistically significant, F(1,58) = 0.07, p = .79, np?
=0.001.

In terms of transparency, participants in the static feedback condition included on
average M = 1.47 (SD = 1.55) of the six most relevant differential diagnoses in their
diagnostic argumentation, whereas in the adaptive feedback condition the average was M =
1.23 (SD = 1.28). The difference was not statistically significant, F(1,58) = 0.41, p = .53, np?
=0.007.

Overall, we found no significant a priori difference between the static feedback
condition and the adaptive feedback condition concerning the individual argumentation facets,

which further supports that the randomization was successful.

Relations between the Argumentation Facets before the Feedback Intervention

We considered learners’ performance in the first learning case as pretest, because
learners received the first feedback only after completing the first learning case. Using ENA,
we compared diagnostic argumentation networks of the static feedback condition
(Supplementary Figure 5a) and of the adaptive feedback condition (Supplementary Figure 5¢)

in the first learning case (interpretation of the ENA networks is explained in the Results
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section of the manuscript). Using a t-test, we found no significant a priori difference between
the group mean of the static feedback condition (M = .12, SD = .68) and the group mean of
the adaptive feedback condition (M =-.12, SD = .81), t(56.42) =-1.20, p = .23, Cohen’s d =
.31. Thus, the randomization is considered successful.

Supplementary Figure 5

Diagnostic Argumentation Networks of the Static Feedback Condition (5a) and the Adaptive
Feedback Condition (5c) before the Intervention; The Comparison Plot (5b) Shows
Differences Between the Two Networks, Group Means (Colored Squares), and Confidence
Intervals (Dashed Boxes)

Transparency Transparency. Transparency’

A b

Adapiive _Static

Disconfirmation Disconfirmation @~ % Disconfirmation 7 4
AR T '
Justification Justification Justification
a. Static Feedback b. Comparison c. Adaptive Feedback

Supplement D. Time on Task
Time on Task during the Learning Phase with the Feedback Intervention

In the following, we report the descriptive statistics of time on task during the learning
phase, separated by the experimental conditions. In doing so, we distinguished between time
on task for examining the case materials and time on task writing a diagnostic argumentation.
We also calculated a multivariate ANOVA with the independent variable feedback and the
dependent variables examination time and writing time to report inferential statistics
concerning the differences between the static feedback condition and the adaptive feedback
condition.

Participants in the static feedback condition took on average M = 192.23 (SD = 72.80)
seconds per learning case for examining the case materials, whereas in the adaptive feedback
condition the average was M = 191.60 (SD = 76.21) seconds per learning case. The difference
was not statistically significant, F(1,58) = 0.01, p =.97, ny? < 0.001.

Regarding the time on task for writing a diagnostic argumentation, participants in the
static feedback condition took on average M = 250.21 (SD = 151.03) seconds per learning
case, whereas in the adaptive feedback condition the average was M = 275.31 (SD = 152.78)
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seconds per learning case. The difference was not statistically significant, F(1,58) = 0.41, p =
.53, np? = 0.007.
The result indicate that participants in both experimental groups spent similar efforts

on processing the simulated cases and learning tasks.

Time on Task during the Post-test Phase without the Feedback Intervention

In the following, we report the descriptive statistics of time on task during the post-test
phase, separated by the experimental conditions. In doing so, we distinguished between time
on task for examining the case materials and time on task writing a diagnostic argumentation.
We also calculated a multivariate ANOVA with the independent variable feedback and the
dependent variables examination time and writing time to report inferential statistics
concerning the differences between the static feedback condition and the adaptive feedback
condition.

Participants in the static feedback condition took on average M = 95.67 (SD = 61.32)
seconds per post-test case for examining the case materials, whereas in the adaptive feedback
condition the average was M = 106.43 (SD = 59.00) seconds per post-test case. The difference
was not statistically significant, F(1,58) = 0.48, p = .49, np = 0.008.

Regarding the time on task for writing a diagnostic argumentation, participants in the
static feedback condition took on average M = 113.90 (SD = 50.87) seconds per post-test case,
whereas in the adaptive feedback condition the average was M = 147.73 (SD = 67.02) seconds
per post-test case. The difference was statistically significant with a medium effect, F(1,58) =
4.85, p=.03, np?> = 0.077.

The result show that participants in the adaptive feedback condition took on average
more time to write a diagnostic argumentation in the post-test cases than participants in the

static feedback condition.

Supplement E. Individual Argumentation Facets in the Post-test

In the following, we report the descriptive statistics of the individual argumentation
facets in the two post-test cases, separated by the experimental conditions. We also calculated
a multivariate ANOVA with the independent variable feedback and the dependent variables
justification, disconfirmation, and transparency to report inferential statistics concerning the
differences of the individual argumentation facets between the static feedback condition and

the adaptive feedback condition in the post-test phase.
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In terms of justification, participants in the static feedback condition included on
average M = 1.93 (SD = 0.86) of the six primary supporting pieces of evidence for the correct
diagnosis in their diagnostic argumentation in each post-test case, whereas in the adaptive
feedback condition the average was M = 2.50 (SD = 0.64). The difference was statistically
significant with a large effect, F(1,58) = 8.37, p = .005, ny? = 0.126.

In terms of disconfirmation, participants in the static feedback condition included on
average M = 1.20 (SD = 0.64) of the six most relevant differential diagnoses in their
diagnostic argumentation in each post-test case, whereas in the adaptive feedback condition
the average was M = 1.40 (SD = 0.82). The difference was not statistically significant, F(1,58)
=1.11, p = .30, np% = 0.019.

In terms of transparency, participants in the static feedback condition included on
average M = 0.67 (SD = 0.86) of the six most relevant differential diagnoses in their
diagnostic argumentation in each post-test case, whereas in the adaptive feedback condition
the average was M = 1.03 (SD = 1.03). The difference was not statistically significant, F(1,58)
=2.22,p = .14, 15> = 0.037.

Overall, we found that participants in the adaptive feedback condition achieved
descriptively higher post-test scores for the individual argumentation facets. However, the
difference was only statistically significant for justification, but not for disconfirmation or
transparency.

The ENA analysis reported in the paper suggested that adaptive feedback compared to
static feedback facilitated relations between justification, disconfirmation, and transparency in
pre-service teachers’ diagnostic argumentation (i.e., participants in the adaptive feedback
condition rather related the complementary information of all three argumentation facets).
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