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Executive Summary

Diagnostic reasoning refers to the systematic collection and interpretation of problem
specific information with the goaf eeducing uncertainty in solvingproblem. Diagnostic
reasoning is highly relevant in various professional contexts. Therefore, it is important to
teach diagnostic reasoningrelated areas dfigher education. Diagnostic reasoning has been
researchecdhimedical education and teacher education in particular. However, only recently
has research been started to systematically integrate the theoretical and empirical
advancements of the two fields. The research presented in this thesis aims to contitieute to
endeavor of developing a credisciplinary research perspective on diagnostic reasoning, to
deepen the understanding of the relevant knowledge and skills, and ultimately, to further
improve the teaching and learning of diagnostic reasoning in medlidakacher education.
The thesis discusses the commonalities and differences in diagnostic reasoning in medical and
teacher education with respect to diagnostic problems, epistemic processing, and cognitive
structures and processes. In addition, furtexctons for researching and facilitating
diagnostic reasoning are identified: Using simulati@sed learning environments, cross
disciplinary comparisons of diagnostic activities and diagnostic practices seem to be a
promising approach to identifyingelid-specific epistemic ideals, standards, and processes
involved in diagnostic reasoning. A second research direction is the differentiation of
diagnostic reasoning skilts diagnostic competences. In this thesis, diagnostic reasoning
skills are suggestead be distinguished concerning the two subskills of diagnostic judgment
and diagnostic argumentatiddiagnostic judgment aims to achieve diagnostic accuracy in
solving diagnostic problems and has been investigated in prior research. In contrast,yhe newl
defined concept of diagnostic argumentation, including the facets of justification,
disconfirmation, and transparency, aims to achieve a common understanding with others by
comprehensibly and persuasively explaining interpretations and conclusionshuatla a
diagnostic problem. iiferentiating between diagnostic reasoning skills includes a third
research direction, that is, investigating w
requires specific learning opportunities. Using simulabesed learning has been found to
facilitate students6é | earning of diagnostic
sufficient support, such as adaptive feedback. Adaptive feedback on written task solutions can
be automated by making use of recent tebdbgical advancements in Natural Language
Processing (NLP). Moreover, when learning collaboratively, students can provide each other
additional feedbacknd e&changing arguments while solving simulated diagnostic prohlems

which may not onlyfosterdiagnastic judgment but also diagnostic argumentation.



The three identified research directions are addressed in the three papers that are
presented in the empirical part of this thesis. The first study compared diagnostic activities
and diagnostic practices medical education and teacher education. The second study
explored the differentiation of diagnostic reasoning skills into diagnostic judgment and
diagnostic argumentation in the context of teacher education. The third study investigated the
effects of NIP-based automatic adaptive feedback and collaborative learning on preservice
t e ac her s éasedlaamihgaftdiagnostic judgment and diagnostic argumentation.

The first study investigated diagnostic activities and diagnostic practices in a cross
disciplinary comparison of students in a medical education program and students in a teacher
education program. The students worked in a simuldtased learning environment in which
they were confronted with eight simulated diagnostic problems from #sgective fields.

After making a diagnosis, they wrote a justificatory report for each simulated case in which
they described their approach to solving the case. All justificatory reports were coded for four
diagnostic activities: generating hypothesesegating evidence, evaluating evidence, and
drawing conclusions. Diagnostic practices were operationalized as the relative frequencies of
co-occurring diagnostic activities by using the novel method of Epistemic Network Analysis.
Significant differences we found between the medical students and preservice teachers with
respect to both their diagnostic activities and their diagnostic practices. The medical students
put relatively more emphasis on generating hypotheses and drawing conclusions, therefore
apgdying a more hypothesidriven approachPreservice teachers focused on generating and
evaluating evidence, indicating a more ddtieven approach. Theresults may be explained

by different epistemic ideals and standards taught in higher educationotfelds.

The second study explored the suggested differentiation between diagnostic judgment
and diagnostic argumentation. In addition, the three facets of justification, disconfirmation,
and transparency were investigated as potential subskillsgrfatiic argumentation.

Teacher education was selected as the context for an initial investigation. The justificatory
reports collected from the preservice teachers during the first study were reanalyzed. In

addition, the analyses included the preserviaedeh e r s 6 pri or di agnostic
accuracy of their diagnostic judgments. The correlational results supported the assumption

that making accurate diagnostic judgments and formulating diagnostic argumentations may
represent different diagnostic seming skills. Moreover, because of the disparities found in

the underlying knowledge bases, the results supported the notion that justification,

disconfirmation, and transparency may represent distinct subskills of diagnostic



argumentation. However,pres&# i ce teachersdé diagnostic ar gul
three facets, suggesting a need for more specific training.

The third study in this thesis is an experimental study of the effects obii&&d
automatic adaptive feedback and collaborativenieg onpreservicdk e ac her sé si mul a
based learning of diagnostic reasoning skills, which were operationalized as the accuracy of
diagnostic judgments and the quality of justifications in diagnostic argumentations. NLP
based automatic adaptive feedbaas compared with an expert solution as a form of static
feedback. Further, the social mode of learning was experimentally varied, in that students
learned either individually or collaboratively as dyads. The results showed that, compared to
staticfeedbak , adapti ve feedback facilitated the q
in diagnostic argumentation. Moreover, adaptive feedback helped collaborative learners to
achieve the same level of accuracy of diagnostic judgments as individual leadhezefore,
adaptive feedback may have helped collaborative learners to cope with the possibly higher
demands induced by the collaborative learning situation.

The research presented in this thesis suggests that medical education and teacher
education haw developed specific diagnostic practices, which might relate tedipedific
ideals and standards that are internalized throughout higher education. In addition te content
specific diagnostic knowledge, the knowledge of figihecific ideals and standkir may be
considered part of the knowledge base on which (future) professionals perform diagnostic
reasoning. Further research is needed to advance the understaridiltyspfecificepistemic
ideals and standards in diagnostic reasoning. Moreover, fsearch may address to what
extent the knowledge of fielgpecific ideals and standards explains the performance and
learning of diagnostic reasoning skills and, in particular, of diagnostic argumentation. The
analyses suggested that the standardizafioliiagnostic reasoning in teacher education might
be less advanced compared to that of medical education. Justification, disconfirmation, and
transparency may provide a starting point for the further development of standards for
diagnostic argumentatiofuture research in medical education may address the replicability
of distinguishing diagnostic judgment, indicated by diagnostic accuracy, from diagnostic
argumentation, including the three facets of justification, disconfirmation, and transparency.
Distinguishing between the two diagnostic reasoning skills seems to be practically relevant, in
t hat adaptive feedback was especi adade¢y i mpor t
learning of diagnostic argumentation. NLP methods provide particular tseimefutomating
support measures for facilitatitige learning of complex reasoning skills, such as diagnostic

argumentation, even in shagrm interventions.
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Deutsche Zusammenfassung

DiagnostischeDenken bezeichnelas systematische Sammeln undriortetieren von
problembezogeneimformationen mit dem Ziel, Unsicherheit zu reduzieren einé
Problemidsung zu identifiziererDiagnostische Denkerist in verschiedenen beruflichen
Kontextenund auch in der Hochschulbildung zukinftiger Fachknabte hdher Relevanz.
Diagnostische Denkenwurde in der Forschung bishesbesondergn den Bereichen der
medizinischen Ausbildung und der LehrerbildleglcksichtigtJedoch wurde die
Integrationtheoretischeund empirischeFortschritteder beiden Felderisher weitestgehend
vernachlassigtDie in dieser Dissertation prasentierte Forschungeswdin Beitrag zu den
jungsten Bestrebungen eirdisziplintibergreifende Forschungsperspektive auf das
diagnostische Denken zu entwickeln diesem Zusammenhang wizddem angestrebtad
Verstandnisron relevanten Wissenund Fertigkeitenvertiefen und letztendlictdasLehren
und Lernen diagnostischen Denkens inmedizinischen Ausbildung und der Lehrerbildung
weiter zu verbesserin derDissertationverdeGemeinsarkeiten und Unterschiede des
diagnostischen Denkens in dir medizinischen Ausbildung und der LehrerbildimBezug
auf diagnostische Probletellungen epistemische Verarbeitung sowie kognitive Strukturen
und Prozessdiskutiert Dabei werden weitere itungen fur dig&rforschungundauch fir
die Forderungles diagnostischen DenkesusfgezeigtDie Nutzung simulationsbasierter
Lernumgebungen flinterdisziplinarevergleiche von diagnostischen Aktivitaten und
diagnostischen Praktikearscheinwielverspechend, um feldspezifische epistemische Ideale,
Standards und Prozessediagnostischen Denkeru identifizieren. Eine zweite
Forschungsrichtung ist eitdnterscheidungler bisher undefinierteMehrzahldiagnostischer
Fertigkeitenoder Diagnosekompetenzbmsichtlichzwei zu differenzierender Fegkeiten
diagnostischeUrteilenund diagnostisctseArgumenteren Diagnostisches Urteilen zielt
darauf abeinerichtige Diagnogstellung bei deLésung diagnostischer Problstallungerzu
erreichen und wurdedbeitsvon vorangehendeforschung untersucht. Demgegeniber zielt
dasneu definiert&Konstruktdes diagnostischen Argumertensauf das Erreichen eines
gemeinsamen Verstandnisses mit anderen ab, mittels verstandlicher und Uberzeugender
Erklarung der Intgaretationen und Schlussfolgerungen zu einer diagnostischen
Problemstellungum das diagnostische Argumentieren genauer zu konzeptualisieren, werden
drei Facettereingefiihrt: DieBegriindung diagnostischer Schlussfolgerungen,
Widerlegung alternativer Eirungen undlie Transparenz hinsichtlich des diagnostischen
VorgehensDie Unterscheidungon diagnostischem Urteilen und diagnostischem

Argumentieren impliziert eine drittéorschungsrichtundgiese adressiert die Fragdy



viii

Studierende zurzrlernen debeiden Fertigkeitespezifische Lernund Unterstitzungs
mafl3nahmebendtigen Esliegt bereits Evidenz dazu vatass der Einsatz von simulatiens
basiertem Lerneforderlich fir darlernen des diagnostischen Denket$ vorausgesetzt
Studierende erhaltedabeiausreichende Unterstitzungjdpelsweise in Form von
adaptivem Feedbackeue technologische Fortschritte im Bereich des Natural Language
Processing (NLP) ermdglichen inzwischen die automatisierte Analyse und hierdurch das
automatisierte Bereitslien von a@aptiven Feedback zu schriftlichen Aufgabenlésungen
StudierendenDaruber hinauktnnen kollaborative Lernformate nitzlich sein, in denen sich
Studierenden gegenseitig zusatzliches Feedback gebkaborativeLernformate haben
zudem den Vieil, dass Lernendeereitswahrend desdsungprozesses Argumente
formulieren und austauschen, was vor allem zur Férderung des diagnostischen
Argumentierens, aber auch des diagnostischen Urteilens férderlich sein kdnnte.

Die dreiaufgezeigter-orschunggchtungen werden in drei Artikeln adressiert, die im
empirischen Teil dieser Arbeit vorgestellt werden. Der erste Anegjleichtdiagnostische
Aktivitdten und diagnostische Praktiken in deedizinischen Ausbildung und der
Lehrerbildung Der zweite Atikel untersuchte digorgeschlagenBifferenzierungvon
diagnostische Urteilenund diagnostischie Argumentieren im Kontext der Lehrerbildung.
Der dritte Artikel untersuchte digffekte vonmittels NLP automatsiertemadaptiven
Feedback und kollaborativebernen auf das simulationsbasierte Lerdeadiagnostische
Urteilers und diagnostischreArgumenterens vorehramtsstudierenden

Im ersten Artikel wurde eimterdisziplinareiVergleichdiagnostischeAktivitaten
und diagnostischidPraktiken demediznischen Ausbildung und der Lehrerbildung
durchgefuhrt Studierend®eider Fachebearbeiteten in einer simulationsbasierten
Lernumgebungeweilsacht simuliertd-élle zu diagnostischen Problemstellunges ihrem
jeweiligenFeld. Jeweilsm Anschluss an diDiagnosestellung verfassteie Studierenden
fur jeden simulierten Fall eine Erklarung zu lhrer Diagnosesteliondg sie ihren
Losungsansatz besetrenund begriindesollten In dlen Erklarungstextemvurden vier
diagnostische Aktivitaten kodiert:yidothesen generieren, Evidenz generieren, Evidenz
evaluiererund Schlussfolgerungen zieh&ie diagnostischen Praktiken beider Felder
wurden mittels der neuen Methodik der epistemischen Netzwerkanalyse osisitia,
welche dierelativen HaufigkeitendesgemeinsameAuftretensderdiagnostische Aktivitaten
als Netzwerk abbildeEs wurden signifikante Unterschiede zwiscMedizin- Und
Lehramtsstudierenddrstgestelltsowohl hinsichtlich ihreberichteterdiagnostischen

Aktivitdten als auclhinsichtich der ibergeordnetediagnostischen Praktikehm Vergleich



legtenMedizinstudierende einen starkeren Schwerpunkt auf das Generierelypatesen
unddas Ziehen voschlussfolgerungenyas im Gesamtbiléineneherhypothesen
gesteuerteAnsatzdiagnosischer Praktiken ergibt.ehramtsstudierende legten einen
starkeren Fokus auf die Generierung und Auswertundevadrenz was auf eineeher
datemetriebenem\nsatzdiagnostischer Praktikemndeutet. Die Ergebnisse kdnnen durch
unterschiedliche epistencaise Ideale und Standards erklart werdegicheim Rahmen der
medizinischen Ausbildung und der Lehrerbildgedehrt werden.

Der zweite Artikel untersuchte die vorgeschlagene Unterscheidung zwischen
diagnostische Urteilenund diagnostischie Argumenterenals zwei zu differenzierende
diagnostische Fertigkeite@arlber hinaus wurden die drei Facetten Begriindung,
Widerlegung und Transparenz als potenziellef@gibkeitendes diagnostischen
ArgumenterensuntersuchtZum Zweckeiner initialen Analyseler Forschungsfragen wurde
der Bereich der Lehrerbildurggwahlt. Die fir den ersten Artikel im Bereich der
Lehrerbildung gesammeltdtfrklarungstextevurden erneut analysierti®Analysen
schlossen ariiber hinaus das diagnostische Vorwissen der Lehramtssiudiser und die
Genauigkeithrer diagnostischen Urteile ein. Dierrelativen Egebnisse stitzten die
Annahme, dass das Treffgenauediagnostischer Urteile und das Formulieren
diagnostischer Argumeationenunterschiedlicheliagnostische Fertigkeitetarstellen.
Daruber hinaus zeigten sich Unterschiede dahingehend, welche Wissensarten Varianz in den
drei Facetten der Begriindung, Widerlegung und Transparenz erklaren konnten. Dies stitzt die
Annahme, dass Begrindung, Widerlegung und Transparenz unterstigddilfertigkeiten
des diagnostischen Argumentierens darstelléa.diagnostischreArgumentatioender
Lehramtsstudierenddreinhaltetenedochnur selterelle drei FacetterDies konnte darauf
hinweisen, dass bisher unzureichend spezifische Lerngdleten in der Lehrerbildung zur
Verflgung stehen.

Der dritte Artikel prasentiert eine experimentelle Studie zukfégktenvon mittels
NLP automatiertemadaptiven Feedbackind kollaborativem Lernen auf das
simulationsbasierte Lernen des diagnostisddenkens von Lehramtsstudierenden. Hierbei
wurden insbesondere die Genauigkeit diagnostischer Urteile und die Qualitéat von
Begriuindungen im diagnostischen Argumentieren untersuchaasatische adaptive
Feedbackvurde mit eineExpertenlosungls statishes Feedbackerglichen. Dartiber hinaus
wurdedie Sozialform des Lernemsperimentell variiert, indem digtudierendeentweder
einzelnlerntenoder kollaborativ als Dyaden. Die Ergebnisse zeigten, dass adaptives Feedback

im Vergleich zu statischem Feedhlaur Verbesserung d€yualitdt der Begrindungen den



diagnostischen Argumentationen von Lehramtsstudierelneitragen konnteDarlber hinaus
half adaptives Feedback kollaborativen Lernenden, die gleiche Genaugki&gnostische

Urteilen zu erreitien wie einzelne Lernend@as aaptive Feedback kdnnte kollaborativen

Lernenden geholfen haben, die mdglicherwdisesh die kollaborative Lernsituatidrdheren

Anforderungerder Lernsituatiorzu bewaltigen.

Die in dieser Dissertation prasentierten Fbhtsgsergebnisdegennahe, dassich in
der medizinischen Ausbildung und deghrerbildung spezifische diagnostische Praktiken
entwickelt habenwelche maglicherweisauf fachspezifische Ideale und Standards
zurlickzufiihren sind. Solche Ideale und Starslarerden im Laude der hochschulischen
Ausbildung von den Studierendeearinnerlicht. Neben inhaltsspezifischem diagnostischem
Wissensollte daheauch das Wissen um fachspezifische Ideale und Standards alssTeil de
professionelleWissens angesehen werdanfdessen Basigukinftige) Fackrafte
diagnostisches DenkemwendenWeitere Forschung ist erforderlich, um das Verstarndnis
fachspezifischeepistemische Idealen und Standardsn diagnostischeenken
voranzutreiben. Daruber hinasgllte weitereForschungintersucheywelche Rolledas
Wissen unfachspezifische Ideale und Standardder Performanand cemErlernenvon
Fertigkeiten desliagnostische Denkens undhsbesonderdesdiagnostische
Argumenterensspielt Die Befundmustelegtenzudemnahe, dass die Standardisierung des
diagnostischen Denkens in der Lehrerbildung im Vergleich zur medizinischen Ausbildung
weniger weit fortgeschritten sein konnke Bezug aufStandardgumdiagnostischen
Argumenterenkdnnendie drei Facetten d@&egrindung, Widerlegung und Transpareais
Ansatzpunkt fur die Weiterentwicklung von Standadishen Zukiinftige Forschungn
Bereich demedizinischen Ausbildungollte insbesondere auch dreplizierbarkeit der
Unterscheidungon diagnostisch Urteilen gekemzeichnet durch diagnostische
Genauigkeitund diagnostische Argumenteren einschlief3lich der drei Facetten der
BegrindungWiderlegung und TranspareraressiererDie Unterscheidung der beiden
vorgeschlagenen diagnostischeartigkeitenscheintzudempraktisch relevant zu sein, diech
dasadaptives Feedbadksbesonderéir das simulationsbasierternendes diagnostischen
Argumenterensvon Lehramtsstudierendeaads effektiv zeigteZudem zeigten sich in den
Ergebnissen die Potentidi P-basierteMethodenzur Automatisierung von Textanalysen
fur die Unterstitzung des Lernekmsmplexerkognitiver Fertgkeiten, wiebeispielsweiseles

diagnostischen Argumertens auchim Rahmerkurzfristige Interventionen.
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1 General Introduction



1.1 Aim and Structure of the Thesis
Diagnostic reasoning is relevant in many figldeitzmann et al., 2019)ts learning
should thus be candered an important part of the education of future professionals within
these fields. A thorough understanding of it is necegsadlgfine meaningful educational
objectives and design and implement effective learning environrf@agmé & Merrill,
1990; Grossman et al., 2008jowe\er, various research strands concerning diagnostic
reasoning have been developed in different fields, using different terms and theoretical
notions, which complicates the integration and (if possible) transfer of theoretical and
empirical accomplishmentsss fields. This thesis describes research that aimed to
contribute to (a) developing a credisciplinary research perspective on diagnostic reasoning,
(b) integrating and refining the existing understanding of diagnostic reasoning skills, and (c)
invedigating approaches to facilitate the learning of diagnostic reasoning skills.
As the point of departure for developing a crdsiplinary research perspective on
diagnostic reasoning (see aim a), this work focused on medical education and teacher
educdion. Future physicians, according to consensus, take over substantial responsibility for
their patientsd health, so they need extensi
symptomatologies. Similarly, teachers are significargponsible fosupporting their
pupil s6é | ear ni:ng haenyd ndeeevde Itoop Memtgnose, for e
performance, progress, and learning prerequi@iesetorius et al., 2013)his has led to
researchers and educators in teacher education increasingly acknowledging the role of
di agnostic reasoning i n (efg.uHenppiche¢talt20Bc her sb6 e
Medical education and teacher education share particularly interesting commonalities
when it comes to diagnostic reason{phtgitzmann et al., 2019For nstance, researchers
from both fields have referred thagnostic competencés.g., Fink, Reitmeier et al., 2021;
Hoth et al., 2016; Kramer, Fortsch, Boone et al., 2021; Papa, a8H8) umbrella term for
the knowledge, skills, and attitudgsee Blomeke et al., 201pjofessionals need to perform
competent diagnostic reasonimjagnosingh means Or ecogni zing exact.|
and is associated with the activities and peses of classifying causes and forms of
phenomenéd 6 di agnosi ngo, n.d.). These causes and
they are | atent or hi(detznannatald2010eBe h additton be 1 de
to medical education and teacher education, research in other fields, such as mechatronics, has
referred tadiagnosing(Abele, 2018) Therefore, to integrate research from different fields,
this thesis investigatediagnostic reasoning a -diign@dicbllection and interpretation of

casespecific or problenspecific inform#éon to reduce uncertainty in order to make medical



or educat i dhemzinannet al.,i261P, @nAccordingly, diagnostic reasoning

does not necessarily refer to a specific field or content area (e.g., reasoning in medicine) but
rather denotes a certain type of reasoning that can address a wide range of problems and occur
in diverse situationée.g., Abele, 2018; Kron et al., 2021; Radkowitsch et al., 2@E8)ond
diagnostic competence and diagnostic reasoning, research in medical education and teacher
education, it is important to note, has, however, mostly referred to cdraamd terms:

clinical reasoningn medical educatiofe.g., Norman et al., 201@nhdassessmerie.g.,

Herppich et al., 2018)r judgment(e.g., Praetorius et aR017)in teacher education.

However, due to the broad scoped@gnostic reasoningt seems reasonable to use it as a
common term for elaborating on a cralsciplinary research perspective, aiming to better
understand not only the associated knolgieand skills but also the learningdeignostic
reasoning.

In addition to suggesting that the research strands from medical education and teacher
education share terminological commonalities, Heitzmann €@i9)offered further
arguments for integrating the diagnostic reasoning research of both($ieédsleitzmann et
al., 2019, pp3i 4). However, these arguments demand further elaboration and
systemé#zation, for which they can be broadly categorized as either epistemically grounded
or cognitively grounded. Therefore, to (see aim a) develop a-diegplinary research
perspective on diagnostic reasoning, this thesis further elaborated on thesarvetramds
of epistemic and cognitive arguments.

In doing so, this thesis also aimed to (see aim b) integrate and advance the existing
understanding of diagnostic reasoning skills. The medical education and teacher education
literature does not clearlysdinguish between different diagnostic reasoning skills; instead, it
ascribes various indicators of diagnostic reasoning to a broad and not fully defined range of
skills or competencg®.g., Heitzmann et al., 2019; Herppich et al., 20T8gre are,
however, both epistemic and cognitive arguments for distinguishing between at least two
diagnostic reasoning skills, which this thesis refemstdiagnostigudgment(e.qg., Loibl et
al., 2020)and diagnostic argumentation. To distinguish between them demands not only
elaboration of the two cattructs, but also investigation, which this thesis will also undertake.

Moreover, trying to distinguish betwedragnostigudgment andliagnostic
argumentation also raises several questions. Especially the matter of facilitating the two
diagnostic reasong skills is important. Aiming tosge aint) identify andnvestigate
approaches to facilitate the learning of diagnostic reasoning skills, this thesis elaborated on

the benefits of using simulatidmased learning environmer{tShernikova, Heitzmann,



Stadler et al., 2020; see Fink, Radkowitsch et al., 2021; Heitzmann et al.f@&019)
researching and facilitating diagnostic reasoning skills. To specifically foster diagnostic
judgment and idgnostic argumentation, two specific means that might support simulation
based learning of diagnostic reasoning skills are suggested: adaptive feedback and
collaborative learning. However, the effects of adaptive feedback and collaborative learning
on thesimulationbased learning of diagnostic reasoning skills also required investigation. In
particular,whether the proposed interventions have differing effects on diagnostic
argumentation and diagnostic judgment must be investigated, to determine tiwalpract
impact of differentiatingliagnostic reasoning skills for teaching, learning, and measurement
purposes.

The thesis has three main parts. The first part discusses diagnostic reasoning in
medical education and teacher education, introducing severaklaséd, epistemically
grounded, and cognitively related reasons that explain why and in which regard different
fieldsi medical education and teacher education, in particutaaly be comparable or
limited in their comparability with respect to diagnostasoning (see aim a). First, the object
of reasoning diagnostic problems is characterized (see section 1.2). Diagnostic problems
can be compared in terms of several characteristesmtent aresgxemplarity complexity,
and required activities that can affect their processing in terms of diagnostic reasoning.
These characteristics should thus be considered when researching diagnostic reasoning across
different diagnostic problems. Further, an epistemically grounded view of diagnostic
reasoning (e section 1.3) is elaborated on; in particular, epistemic(a@esChinn et al.,

2011) diagnostic activitiegsee Fischer et al., 2014nd diagnostic practicésee Bauer et

al., 2020) and how compang different fields with respect to their epistemic processing may
offer specific insights into their diagnostic reasoning. This is followed by detailing the
differences and similarities in the cognitive aspects of diagnostic reasoning and offering a
rationale as to why and how the existing concepts may be further integrated and refined (see
aim b; see section 1.4). In doing so, a differentiation of diagnostic reasoning skills into
diagnostic judgmente.g., Loibl et al., 2020and the novel conceptualization of diagnostic
argumentation is suggested, followed by how both may be facilitated (see aim c; see section
1.5) using simulatiobasedarning approachés.g., Chernikova, HeitzmanhRink et al.,

2020) adaptive feedbaqle.g., Bimba et al., 2017and collaborative learning.g., Csanadi

et al., 2021) The first part concludes by describing the general research quéstersection

1.6) investigated in the subsequent empirical part.



The second part of the thesis describes the three empirical studies that addressed
several questions within the outlined research agenda. The first study exemplified the
comparison of diagrstic activities and diagnostic practices in medical education and teacher
education (see section 2). The second study addressed the differentiation of diagnostic
reasoning skills into diagnostic judgment and diagnostic argumentation (see section 3). The
third study presented the results of the different and interacting effects that adaptive feedback
and collaborative learning in simulations havepoeservicdk e acher s 6 | earni ng ¢
judgment and diagnostic argumentation (see section 4).

The thirdand final part of the thesis (see section 5) summarizes and integrates the
findings into the initially outlined theoretical assumptions and research agenda. Based on the
summary and integrations, the thesis concludes by discussing the implicationsdtrese
and practice.

1.2 Diagnostic ReasoningacrossDifferent Fields: Solving Diagnostic Problems

The differences in terms dfagnostic problemare one othe major challenges in
researching diagnostic reasoning across different fields. Researchersdthoal education,
teacher education, and other fields, such as mechatronics, have conceptualized diagnostic
reasoning as a problesolving processge.g., Abele, 2018; Barrows & Pickell, 1991; Csanadi
et al., 2021; Heitzmann et al., 2019; Kiesewetter et al., 2883uch, diagnostic problems
can be described in terms of the characteristics of a predddrmg task: Tk t as kds cont
area,exemplarity complexity, and the required activities to solve the problem can vary across
problems in different fields but also problems within a field.

Diagnostic problems clearly differ from each other in terms of ttitent aea
Physicians usually diagnose a patientds heal
practitioner may try to determine the causes
nausea, which may be caused by one of the various virus infectionsépafitis A virus
infection). Teachers are mainly concerned wi
progress, and learning prerequisites, such as reading difficulties, which may be caused, for
example, by lack of practice, visual impairment, or dysi@iestwood, 2008)Clearly, the
content area of diagnostic problerasiot comparable across different fields or even across
diagnostic problems within the same fi¢gchwartz & Elstein, 2008; Wimmers et al., 2007)

However, different content areas are associated with argdtheacteristic of
diagnostic problemsvhich isstill contentrelated y& more abstracDiagnostic problems can
be characterizeregarding what may be referred toeasmplarityof a problenfor a specific

professional contexihis characteristicelatestoth@ r eval ence of a di agno:



exemplars within a specifici el dds pr of e swhichabteariinesaghe likelihooch me n t
that a professional will gain or has already gained experience regarding the respective
problem(seeKolodner, 1992; Renkl, 2014; Thomassen & Stentoft, 2086cordingly,
exemplarityincreases the practical need of a professional to have knowledge about the
respective diagnostic problem and how to solyseiéWinch, 2004. In medical education,
theexemplarityof diagnostic problems, such as specific symptomatological patterns, may be
derived from their prevalence estimate in the population or from expert interviews (see
Charlin et al., 2000; Papa et al., 1998owever, owing to the various specializations of
professionals and the specifics of their professional environments, determining the
exemplarityof diagnostic problems in rather bro@elds is, to some degree, difficult. For
example, the diagnostic problems oncologists and cardiologists typically encounter in their
professional environments will be considerably diverse. Likewise, the diagnostic problems
teachers typically encountertineir professional environments will vary depending on factors
such as the school track, pupilsd6b age, and t
can be ascribed to broader classes of diagnostic problems that relate to morexantgsary
tas ks. For example, teachers wil/ consider th
of skill belonging to the typical classes of diagnostic problems they encounter in their
professional environments. Therefore, in rather broadly defined fieldsasunkedical
education and teacher educatidiagnostic problems can still, to some degree, be classified
according to theiexemplarity

In addition to content area aedemplarity diagnostic problems can be characterized
using other, less conterglaed but more structural means, and one among them is
complexity whichhas been defined as the demands imposed by the structure of a problem
(Robinson,2001) A probl embés complexity is mainly de
connectivity of information that needs to be procegsed Campbell, 1988; Stadler et al.,
2019; Sweller, 2010)For example, the amount and connectivity of problem information,
which is available as potential evidence,magr y (e. g., i nformation at
symptoms); further, the number and connectivity of potential problem solutions (e.g., relevant
differential diagnoses) can differ across problems. In medical education, since the
interconnections between problenfdarmation and relevant differential diagnoses easily
accumulate to a high number and often form ambiguous patterns, diagnostic problems have
been described as highly compl@tamede et al., 2007; Papa, 2018)teacher education, a
similarly structured and complex area of dia

individual learning prerequisites: If pupils exhibit extensive performance or behavioral



problems, many different and interconnected factoramu® e consi dered, such
prior academic progress and achievements, their home environment, cognitive abilities, social
behavior, emotional and motivational states and traits, and so on. When researching

diagnostic reasoning across differentdgeor even across different problems, the amount and
connectivity of problem information must be considered, because it can affect, for example,

the cognitive processing of information (see section 1.4.2).

Collecting and processing information requirpedfic activities that are necessary to
solve the problem; however, thequiredactivitiescan systematically differ across diagnostic
problems and situations and, thus, across different fields. Therefore, as another structural
characteristic of diagnastproblems, the required activitiesfer to the observable
interactions with the problene @.,Eichmann eal., 202(. These interactions can be
conceptualized in terms of epistemic activiiEscher et al., 2014%uch as problem
identification, hypothesis generation, evidence generation, evidence evaluation, or drawing
conclusions. Epistemic activities, since they are particulatévant for solving diagnostic
problems, have also been referred tdiagnostic activitiegsee Heitzmann et al., 201%or
exampl e, when confronted with a patientds he
hypotheses about the nature of the problem, generate and evaluate evidence accordingly, and
finally draw conclusions about the diagnosis and appropriate treatheadhers, identifying
a potential problem in one of their pupils, may as well generate hypotheses about the nature of
the problem, generate and evaluate evidence, and draw conclusions about the diagnosis and
appropriate interventions. Beyond identifyithg potential similarities across different fields,
diagnostic activities can also offer a systematic view of the differences between typical
diagnostic problems. For example, a diagnostic problem may either be given already (e.g.,
introduced by the pati¢or a colleague) or may need to be identified in the first place (e.g.,
during classroom observations).

The similarities and differences in diagnostic problems across (and within) different
fields may be specifically addressed by research. However,areegher research interests,
such as studying the similarities and differences in epistemic processing or cognitive
processing (see sections 1.3 and 1.4) across different fields such as medical education and
teacher education. Accordingly, research caaffected by the choice of the researched
diagnostic problems, since variations in the characteristics of the diagnostic problems can
systematically influence the diagnostic reasoning (e.g., systematic differences in the
diagnostic activities required smlve the different diagnostic problems). Crdgstiplinary

research in diagnostic reasoning should, therefore, consider the variations in the



characteristics of the diagnostic problems across different fields and, if possible, try to match
the charactestics of the researched diagnostic problems.
1.3 Epistemic Processing in Diagnostic Reasoning: Aims, Activities, and Practices
1.3.1 Diagnostic Accuracy: The Central Epistemic Aim in Solving Diagnostic Problems

As a problerrsolving process, diagnosticagoning is also a process of generating
knowledge about a diagnostic problem. Diagnostic reasoning is thus linked to several aspects
of epistemic cognitiorfe.g., Chinn et al., 2011; Greene et al., 2@8) scientifiaceasoning
(e.g., Fischeretal.,,2018) Epi st emi ¢c cognitions are fcognit
and t heir (@hnheta. v201hgldn), with epistemicambei ng t he dinte
objectives of dGhigmetad.i2@l#h pi2Bhsdich ascatquirmg accurate
knowledge. In diagnostic reasoning, the central episteimiésato achieve accurate
knowledge of a diagnosis, also referred taliagnostic accuracye.g., Kolovou et al., 2021;
Kramer, Fortsch, Boone et al., 202Ihe high relevance of diagstic accuracy is grounded
by the fact that inaccurate diagnoses can lead to inadequate decisions, ultimately resulting in
insufficient improvement or even harm. If a physician arrives at an inaccurate diagnosis, a
patient may receive no or inappropriateatment, which fails to improve or even harms the
patient 6(®lormaoetdl, 20870 iSi mi | arl 'y, teacherso6é error
criticalyharmt hei r pupi |l s6 educational success and
ultimately derail their future careers and impair tiseicietal participadon (e.g., Elhoweris,
2008) This is especially true if a diagnostic problem is associated with a criticafinmigtct
content area; for example, if a pupil heegsisting learning difficulties caused by a
developmental disordé€e.g., Reinke et al., 2011; Volpe et al., 2006high degree of
accountability and responsibility is considered as increasing the situationamepisidue of
achieving an epistemic ai(see Chinn et al., 201,13uch as diagnostic accuracy, and
therefore needs to be considered another factor of influence on diagnostic reéssming
Blomeke et al., 2015; Loibl et al., 2020)

Past research on diagnostic reasoning in medical edu¢atgpnNorman et al., 2017)
and teacher educatida.g., Urhahne & Wijnia, 202X5ftrongly focused on achieving
diagnostic accuracy, with several studies investigating how to avoid diagnostic inaccuracy in
terms of diagnostic errors and cognitive biases in diagnostic reagergngNorman et al.,
2017) Moreover, achieving diagnostzcuracy was investigated in relation to cognitive
aspects such as knowledge structeeg., Charlin et al., 2012; see section 1.4rltypes of

cognitive processine.g., Croskerry, 2009; Loibl et al., 2020; see section lah@)lso in



relation to the application of epistemic activities while solving diagnostic prol{eigns
Kramer, Fortsch, Boone et al., 2021)
1.3.2 Diagnostic Activities: Conceptualizing Diagstic ProblemSolving

To achieve epistemic aims (e.g., diagnostic accuracy), individuals engagistamic
activitiesfor generating and justifying scientific knowledge (such as generating hypotheses,
generating evidence, evaluating evidence, and dgaeonclusions; see section 1E2scher et
al., 2014. The research on epistemic activities primarily focused on how individuals within
different fieldsi teacher educatiofCsanadi et al., 20213ocial work educatio(Ghanem et
al., 2018) or medical educatiofLenzeret al., 2017) perform epistemic activities during
reasoning or problersolving. However, while focusing on how individuals in these fields
perform epistemic activities, this research disregarded to compare the different fields with
respect to their ggoaches in performing diagnostic activities.

From a sociecultural perspective, epistemic activities are established by and within
epistemic communitiesee Kelly, 2008)Consequently, individuals within an epistemic
community feature a shared understanding of when and how epistemic activities need to be
performed; hence, epistemic activities must be considered at an individual as well as a
collective level(seeKel y , 200 8; Leont 6 ev, TheredoieBcompdtiogt h &
epistemic activities across different fields may reveal observable variations regarding the
specific ways and preferences of when and how epistemic activities are performed within
fields.

When physicians or teachers solve diagnostic problems and aim to achieve diagnostic
accuracy, they engage in epistemic activities, referred to as diagnostic activities in the context
of diagnostic reasonin@deitzmann et al., 2019Though prior research concerned with
diagnostic reasoning investigated diagnostic activities both in medical edueatjgriFink,
Reitmeier et al., 2021; Lenzer et al., 20&i)l teacher educatiga.g., Kramer, Fortsch,

Boone et al., 2021; Wildgarisang et al., 2020)it did not compare how the diagnostic

activities were applied in the two fields. This research gap might stem fronrtesnce

regarding the comparability of diagnostic activities across fields. For instance, since the
content of physiciansd diagnostic probl ems
section 1.2), the specific content of th@ncrete hypothesesyidence, and conclusions also
varies: a physiciands hypothesis about the
teacherdés hypothesis about the causes for
intended epistemiaims are the sanfee., ahieving diagnostic accuracye purpose of

each diagnostic activity is conceptually transferable across different (seleddHetmanek et

a

c
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al., 2018) Irrespective of the specific content of a hypothesis, the activity of generating
hypotheses holds the purpose of identifying poét explanations, which may require further
investigation. Thereforehe variations across different fields regarding when and how
di agnostic activities are performed may prov
epistemic approaches towatihgnostic reasoning. Thus, to gain insights into the epistemic
approaches involved in diagnostic reasonmmedical education and teacher education, the
firststudypr esented in this thesis investigated t6F
preservie t eacher sd di asgudyd s section 2aresearclvquastioel. ( s e e
1.3.3 Diagnostic Practices: Collective Patterns of Diagnostic Activities

Research can investigate not only the individual epistemic activities with respect to
when and howihey are performed but also the collective patterns of activities observable
across the individuals of an epistemic community. These patterns can indicaterenu ni t y 6 s
epistemic practicegsee Kelly, 2008; Roth & Lee, 2006)t he speci fi c ways me
community propose, justify, evaluate, and legitimize knowledge claims within a disciplinary
f r a me elly, RaD8, p.99). Epistemic practices are considered to existcatlactive
|l evel , but 0caddiVicuasal waysdoeabi zact hese pract
(Roth & Lee, 2006, p32). The individuals of an epistemic community might, therefore, vary
in their application of epistemic activities and yet contribute to the d\etérn of their
Cc 0 mmu nepisteynic practices. The specifics in @ mmu nepistem@ practices relate to
sharedepistemic ideals (standards and criteria to assess the achievement of aims; e.g., a
diagnosis is grounded on valid and convincing ewig¢and a shared understanding of which
processes are accepted as being reliable (e.g., how to generate valid and convincing evidence;
seeDuncan & Chinn,2016. Ther ef or e, c oemgtenic pracgcesaodmmu ni t i
identifying the specifics in their epistemic practices can offer insights into their epistemic
ideals, standards, and procegsee Duncan & Chinn, 2016)

Similar to transferring epistemic activities into tentext of diagnostic reasoning, the
idea of epistemic practices may be integrated into researching diagnostic reasoning as well.
Relating the definitions of diagnostic reasoning and epistemic practices, this thesis defined
diagnostic practiceas the sygmatic approaches applied to collect and integrate information
to reduce uncertainty and make and communicate informed and justifiable decisions in
professional situationsee Heitzmann et al., 2019; Kelly, 2008he diagnostic practices
within different fields may involve specifics concerning their epistemic ideals, standards, and

processefDuncan & Chinn, 2016)Therefore, comparing diagnostic practices across medical
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education and teacher education might i mprov
diagnostic reasoning, which gfit facilitate future research.

The research in both medical education and teacher education has identified and
conceptualized their approaches toward diagnostic reasoning. However, both fields have
developed rather separate strands of research, invaliffegent terms and theoretical
notions, and this complicates the integration of the theoretical and empirical accomplishments
into a crosglisciplinary research perspective on diagnostic reasoning. To investigate
diagnostic practices in medical educatémd teacher education, the theoretical
conceptualizations from the two fields can be initially interpreted and integrated by referring
to their diagnostic activities (s@&auer et al., 2020; Kramer, Fortsch, Seidel et al., 021

In medical education, studies have found that medical students follow a diagnostic
practice denoted ashgpothesigdriven approachStudents generageveral hypotheses and
evaluate the corresponding evidence to draw conclusions about the initially generated
hypothesege.g., Coderre et al., 2010; Kiesewetter et al., 20133 hypothesislriven
approach conforms to an epistemic idefadlifferential diagnosing, which is regarded as a
reliable process in medicine and thus systematically taught to students in medical education
(see Duncan & Chinn, 2016; Kassirer, 2010)addition, research found that some medical
students comply with data-driven approachwhich involves generating and evaluating
evidence while simultaneously neglecting to generate specific hypotheses and integrate
evidence into conclusior{se.g., Grasel & Mandl, 1993; Kiesewetter et 2013; Norman et
al., 2007)

In teacher education, the research on diagnostic practices has primarily referred to the
framework of professional visiofisoodwin, 1994)This framework distinguishes between
two canponentsnoticingandreasoning The former includes identifying problems and
generating hypotheses, and the latter includes three further subcomponents: describing,
explaining, and predictin¢e.g., Seidel & Stirmer, 2014)escribingcorresponds to reporting
the generated evidendexplainingmeans evaluating the evidence in reference to diagnostic
knowledge. Acordingly, these two subcomponents focus on evidence, wheeshistingthe
consequences of observations is indicated by generating hypotheses or drawing conclusions.
Research found that e x peomprisetlescabing, explaimg, add agn o s
predicting(Seidel & Prenzel, 2008However, describing wasidind to be a prevailing aspect
compared to predicting, which was found to be more diy&temer et al., 2016)

Diagnostic activities provide a point of departure to conceptually integrate th

theoretical approaches from medical education and teacher education. However, the idea of
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considering the collective patterns of diagnostic activities as diagnostic practices and

comparing the different fields with respect to their diagnostic pracsc@sovel approach in
diagnostic reasoning research. Thservable variations regarding the diagnostic practices in
medi cal education and teacher education may
approaches toward diagnostic reasoning camieg, for examplegpistemic ideals, standards,

and processgsee Duncan & Chinn, 2016)herefore, the firsstudypresented in this thesis
additionally aimed to expl diffeebetiwveemtheswo tiethe nt s 0
of medical education and teacher education f8&ay1 in section 2, researchugstion 2).

Overall, the presented ideas and approaches with respect to conceptualizing and
researching epistemic processing in diagnostic reasoning across medical education and
teacher education may critically advance a shared research perspectivenostitiag
reasoning. In particular, researching diagnostic activities and diagnostic practices may result
in new insights about similarities and differences in terms of-figlted specifics concerning
epistemic ideals, standards, and proce&sssDuncan & Chinn, 2016)

1.4 Cognition in Diagnostic Reasoning: Knowlége, Processing, and Skills
1.4.1 Diagnostic Knowledge: A Contefpecific Basis for Diagnostic Reasoning

Beyond advancing research on epistemic processing in diagnostic reasoning in
different fields as a collective perspective on diagnostic reasohisgyritical to proceed and
further advance research focusing on individ
especially prior research on the cognitive aspects in diagnostic reasoning must be considered
to identify the potential and limitations amerning the transferability of concepts and findings
across different fields.

Independent of the fieldliagnostic knowledges considered a crucial prerequisite for
diagnostic reasoning@.g., Blomeke et al., 201Hlowever, both medical education and
teacher education have developed their tvaoretical conceptualizations of diagnostic
knowledge(e.g., Croskerry, 2009; Shulman, 198@)accordance wh the content areas of
diagnostic problems, several models conceptualize diagnostic knowledge in terms of content.
In medical education, the models differentiate content, for example, in the area of biomedical
knowledge (e.g., pathophysiology or biochemyisand clinical knowledge (e.g.,
symptomatology of specific diseas@&sashuizen, 1992 and partially also distinguish other
content areas, such as psychological or sociological know(&igelin et al., 2012)in
teacher education, diagnostic knowledge has been most commonly conceptualized in
reference t&chulman(1986, 1987)who differentiated between content knowledge

(knowledge about the connections between the contents of one subjeatpgedl
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knowledge (knowledge about the more general aspects of teaching, such as learning processes
or classroom management), and pedagogical content knowledge (sundwéexdige about
instructional strategies akehowledge about typical errors made bydgints ina subject).

Beyond distinguishing the content areas, the theoretical models in both fields have
conceptualized diagnostic knowledge in terms of the different cognitive types of knowledge,
such as conceptual knowledge and strategic knowlgdge Kopp et al., 2009; Mayer, 2010;
Shulman, 1986)Conceptual knowledge wosists of categories, such as diagnoses and relevant
cues, as well as their relations with each ofbey., Kopp et al., 2009%trategic knowledge
indicates the knowledge about how to proceed in diagnosing a specific prolgenwich
differential diagnoses are relevant, how they can be rejected, which informational sources can
deliver critical evidence; e.g<opp et al., 200p

A review of diagnostic knowledge integrated the conceptualizations from medical
education and teacher education into a edissiplinay model with two dimensions: one
dimension relating toontentrelated facets of knowledg#ne second relating mgnitive
types of knowledg@-ortsch et al., 2018 he twedimensional model of professional
diagnostic knowledg@-o6rtsch et al., 20183% a valuable starting point to integrate prior
research from medical education and teacher education into adesoigdinary research
perspective on diagnostic knowledge. However, the integratei®l acknowledges the issue
of contentspecificity in diagnostic knowledge across different fields or even across different
sets of problems within a fiel@.g., Kolovou et al., 2021; Schwartz & Elstein, 2008;

Wimmers et al., 2007 he contenspecificity, in turn, also limits the comparability of
abstract conceptualizations of knowledge (in teofrthie cognitive types of knowledge). The
contentspecificity of diagnostic knowledge implies that the potential to empirically compare
different fields with respect to diagnostic knowledge is limited.

1.4.2 Cognitive Processing: Fundamental CommonalitiedDiagnostic Reasoning

Despite the limited comparability of contesyiecific diagnostic knowledge, various
cognitive processes can be assumed to be theoretically and conceptually comparable across
different fields. In particular, the processeegrperise developmeni terms of encapsulation
and script formatioite.g., Charlin et al., 2007; Lachner et al., 2016; Schmidt & Rikers, 2007)
as well asnformation processinée.g., Croskerry, 2009; Norman, 2008ay be relevant to
beconsidered with regard to diagnostic reasoning.

In the course of expertise development, (future) professionals extensively practice
diagnostic reasoning by applying diagnostic knowledge, which is initially organized in

detailed causal networkSchmidt & Rikers, 2007)By means of repeated knowledge
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application and exposure to various diagnostic problems, the diagnostic knowledge becomes
increasingly encapsulated into highevel concept$Schmidt & Rikers, 2007)With further

practice and experience, diagnostic knowledge becomes significantly associated with episodic
knowledge from previouslyidgnosed problems. This integration of diagnostic knowledge

into episodic representations of diagnostic problems is called script forfBamows &

Feltovich, 1987; Charlin et al., 2007; Lachner et al., 2016; Putham,.1987)

The encapsulated concepts and formed scripts enable the recognition of patterns of
information as a whole, without demanding the working memory to consciouskyssro
detailed relations between informatigee Evans, 2008; Norman et al., 200He
subconscious recognition of patterns of information has been characterintdta®
information processinge.g., Kahneman, 2003, 2011; Morewedge & Kahneman, 2a18)
associated with a fast processing speed and minimized cognitivestmiivans, 2008;
Kahneman, 2011; Kalyuga, 201Which facilitates resoureefficient acting in professional
situations. In contrastontrolledinformation processingenotes evaluating isolated pieces of
information and consciously analyzing theawusal relationée.g., Kahneman, 2003, 2011;
Morewedge & Kahneman, 2010)hecontrolledtype of information processing is associated
with increased cognitive load and Ieus functionally limited by the working memory
capacity(see Evans, 2008; Kahneman, 2003; Kalyuga, 2@dntrolledinformation
processing can be found in (future) professionals with lower levels of seyaevho have
lower chances of recognizing familiar patterns of information in a diagnostic pr¢edéem
Schmidt& Rikers, 2007) However controlledinformation processing can also be
specifically evoked by certain characteristics of the diagnostic problem, such as increased
complexity due to ambiguous informatiMamede et al., 20079r certain characteristics of
the situation, such as collaborative diagnostic reasqHiiegewetter et al., 2017,

Radkowitsch et al., 2020yvhich requires explicating reasons toward a collaborating
professioml (or future professional).

In summary, the cognitive processes involved in diagnostic reasoning may be
considered nospecific to a fieldHeitzmann et al., 2019; see Kirschner et al., 20Ifgy
may be influenced by the characteristics of the indivigeig., the knowledge and level of
expertise of the professional or future professional), the characteristics of the diagnostic
problem (e.g.exemplarityor complexity as described in section 1.2), and the characteristics
of the situation (e.g., collabdize diagnostic reasoning). Assuming that cognitive processing

is nonspecific to any field, the respective research findings may be considered transferable
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across different fields, while considering the limitations associated with the characteristics of
the researched individuals as well as diagnostic problems and situations.
1.4.3 Diagnostic Reasoning Skills: Distinguishing Judgment and Argumentation

The situational application of diagnostic knowledge and cognitive processing to solve
a diagnostic probha requires abilities, which can be subsumediagnostic reasoning skills
(e.g., llgen et al., 2012 onsidering the fieldpecifics of diagnostic knowledge in relation to
the nonspecific nature of cognitive processing in diagnostic reasoning, diagnostic rgasonin
skills can be deemed to comprise shares of both-$igédific and notspecific aspectésee
Hetmanek et al., 2018)vhich research may further investigate and disentangle.

However, one key obstacle in doing so is that the literature does not clearly distinguish
between differendiagnostic reasoning skills. Instead, it is common to ascribe various
indicators to a broad and not fully defined plural of skills or competdeogs Heitzmann et
al., 2019; Herppich et al., 2018; ligen et al., 200*)e reason for this lack of conceptual
clarity in diagnostic reasoning skills might be thmplicit nature of the cognitive processes,
which limits research to the assessment of indicators of observable processes and products
(Loibl et al., 2020) The processes of diagnostic reasoning are observedaiopée,
regarding the performance of diagnostic activities (8MijldgansLang et al., 2020see
section 1.3.2), while the products of diagnostic reasoning can be assessed regarding the
achievement of aims, such as diagnostic accuracy keng,, Heitzmann et al., 202%ee
section 1.3.1). Another typical approach to assess diagnostic reasoning is through the use of
verbalization(see Loibl et al., 2020jor example, in terms of thinking aloud or dialogesy.,
Csanadi et al., 2021\vhich can be recorded during the process, or in terms of assessing the
posthoc explanations of a diagnosis as a product of diagnostic reasoningr@ug. et al
2018; Rapanta & Felton, 20R1

However, ascribing nererbal and verbal indicators to the same diagnostic reasoning
skills may be considered problematic in terms of the assumed distinction of the underlying
cognitive processing types (see section2):4Nhile controlledinformation processing is
considered conscious and thus explicaiplielitive information processing is considered
unconsciouge.g., Evans, 2008Accordingly, if diagnostic accuracy is achieved through
intuitive information processing, it is not necessarily\gegithat the resulting diagnosis will
be well explained in terms of verbalizing the previously processed information.

A second reason for nererbal and verbal indicators not being ascribed to the same
diagnostic reasoning skills concerns epistemic asaeChinn et al., 201 1see ao section

1.3.1), which go beyond achieving diagnostic accuracy in situations requiring verbalization.
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For example, in situations of collaborative diagnostic reasdiiiegewetter et al., 2017;

Radkowitsch et al., 2020providing verbalized reasons is associated with aiming to achieve a
commonunderstandingvith others(Chinn et al., 2011; Mercier & Heintz, 2014y means of

verbal sensenaking, articulation, and persuasi@@erland & Reiser, 2009; Rapanta & Felton,

2021) Additionally, there are nonimmediate dialogical situatisee Walto, 1990) such as
documenting diagnostic reasoning, which, non
understanding and evoke understanding in others at a later point in time.

Therefore, this thesis differentiated diagnostic reasoning skills into the well
edablished concept of diagnosjidgment(e.g., Loibl et al., 2020and the novel concept of
diagnostic argumentation. Within this distiilen, diagnostic judgmentefers to interpreting
information about a diagnostic problem and integrating it into a diagnostic conclusion,
pursuing the aim to achieve diagnostic accufaeg Heitzmann et al., 2019; Loibl et al.,

2020; VictorChmil, 2013) On the other handijagnostic argumentatiorefers to explaining
the interpretations about a diagnostic prob&well as the resulting diagnostic conclusions
comprehensibly and persuasivége Berland & Reiser, 2009; Walton, 1990)

Drawing on the reasons related to cognitive processing and epistemic aims that are
considered nopecific to any field, distinguishing between diagnostic judgment and
diagnostic argumentian as different diagnostic reasoning skills may be relevant to both
medical education and teacher education. However, the assumed distinctiveness of diagnostic
judgment and diagnostic argumentation demanded empirical investigation, which was
addressed ithe second studyresented in this thesis (s&edy2 in section 3, research
guestion 3).

1.4.4 Conceptualizing Diagnostic Argumentation: Justification, Disconfirmation, and
Transparency

Investigating diagnostic argumentation as a distinct diagnossomesy skill initially
requires a detailed and fielchspecific approach to conceptualizing diagnostic argumentation.
Considering the epistemic aim of achieving a common understanding (e.g., by means of
verbal sensenaking, articulation, and persuasione section 1.4.3), diagnostic
argumentation should be conceptualized with respect to facets that contribute to facilitating a
potentiar e ci pi ent 8s understanding and evaluati on
needs to be acknowledged that b individual, who is engaging in diagnostic reasoning,
and the potential recipients are embedded in an epistemic community, one that might have its
own specific practices and standards of diagnostic reasoning and argumentation (see section

1.3.3). The diferent epistemic communities engaging in diagnostic reasoning are, however,
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embedded in a broader context of science, which is characterized by most widely
generalizable scientific practices and standésde JiméneAleixandre & Crujeiras, 2017;
Mercier & Heintz, 2014; Osborne, 201%herefore, fielespecific standards in diagnostic
argumentation should comply with (or otherwigerbconsidered in reference to) the
fundamental norms and standards that have developed in the broader costexitifiic
argumentatior(e.g., Bricker & Bell, 2008; Mercier & Heintz, 2014; Sampson & Clark, 2008)

Scientific argumetation has been evaluated in reference to various conceptualizations
and frameworksge.g., Kelly & Takao, 2002; Lawson, 2003; Sandoval & Millwood, 2005;
Schwarz et al., 2003; van Eemeren & Grootendorst, 2004; Zohar & Nemet, 2012)g
which especially the Toulmin argumentation pati@moulmin, 1958)gained wide acceptance
and foundational influence. The most common theme stegyby this framework is that
claims need to be justified by evidence to be comprehensible to any relifitehtock,

2005; Toulmin, 1958)Moreover, justifying a claim by providing evidence allows the
recipients to discuss the presented evidendeaise potential issues about the line of
reasoning. However, there are two further salient themes emerging from the literature of
scientific reasoning and argumentation: One of these themes emphasizes the relevance of
considering and disconfirming altettive explanationge.g., Lawson, 2003Bimilar to the
scientific approach of disconfirming alternative hypothéseas, Gorman et al., 1984he
argumentative approach of disconfirming alternative explanations offers additional support
for the explanation aimed to be presented as accurate or preferable in gsgevagwson,
2003; Toulmin, 1958)The second theme emphasizes the role of methodologicspharamcy
regarding the approaches and informational sources used to generate g@dpnEescher et
al., 2014) Explicating the methods and informational sources facilitates their critical
evaluation and hus,the evaluation of the quality apeérsuasiveness of the presented
evidence and conclusiofsee Bromme et al., 2018; Chinn & Rinehart, 2016)

In reference to the three identified themes in scierdifgtimentation, diagnostic
argumentation can be conceptualized and evaluated with respect to the three facets of
justification, disconfirmation, and transparency. Because these three facets resemble some
standards and practices involved in scientific arguaten, they should be weduited to
contribute to a recipientsdéd understanding
argumentationJustificationin diagnostic argumentation refers to providing evidence for a
diagnosis (see Figure 1). Diagnose&nalsle claims that need to be justified by making a
warranted connection to evidence generated about the diagnostic p(ebéehtitchcock,

2005; Toulmin, 1958)Therefore, justificadbns in diagnostic argumentation present and
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evaluate evidence as a basis from which to draw conclusions about a diggg®sischer et

al., 2014; Heitzmann et al., 201®isconfirmationin diagnostic argumentation emphasizes

the role of discussing differential diagnoses. Attempting to reduce uncertainty, professionals
who engage in diagnostic reasng might generate and evaluate hypotheses; that is,
differential diagnosef~ischer et al., 2014; Heitzmann et al., 2019; Klahr & Dunbar, 1988)
Considering the full picture of available evidence, there might be clear differences in the
likelihood of an accurate diagnosis and the relevant differatiighoses. However, the
differential diagnoses may still be considered alternative explanations in solving the given
diagnostic problem. Therefore, to demonstrate that alternative explanations have been
considered, the differential diagnoses should bei@tpld and discussed in diagnostic
argumentation (see Figure 1). Explicitly considering and disconfirthimgifferential

diagnoses as competing explanations facilitates the comprehensibility and persuasiveness of
the final diagnosis. In addition, the ngients can build on this information to evaluate and
criticize whether the relevant differential diagnoses have been missed or mistakenly rejected.
Transparencyn diagnostic argumentation refers to describing the processes of evidence
generation (see Hige 1). Explicating how the evidence was generated offers information
about the reliability of the methodology and informational soufCésn et al., 2014; Fischer

et al., 2014)Therefore, transparency in diagnostic argumentadonf | i t at es a r eci
understanding and evaluation of the quality of the evidence and, ultimately, the validity of the
diagnostic conclusionsee Bromme et al., 2018; Chinn & Rinehart, 2016; Vazire, 2017)
Figure 1

Underlying Framework of the Proposed Conception of Diagnostic Argumentation
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There are, howeveseveral research questions that emerge with respect to the
presented conceptualization of diagnostic argumentation, all of which require further
investigation. First, considering the assumption that diagnostic practices of argumentation
may vary acrosdifferent fields, research maxplore how students from different fields
(such as teacher education and medical education) make juséfiation, disconfirmation,
and transparency in their diagnostic argumentationgtsely2 in section 3, researcluestion
1 for an exploration gustification, disconfirmation, and transparemeyeacher education)

Second, it is unclear whether justification, disconfirmation, and transparency represent
distinct subskills or one joint underlying skill of diagnostrgumentationOne part of this
guestion concerns to what extent justification, disconfirmation, and transparency are based on
the same or different knowledge. As a diagnostic reasoning skill, diagnostic argumentation
involves thesituational applicationf diagnostic knowledge. In particularjritvolves
explicatingdiagnostic reasoning and problesolving, for which conceptual and strategic
diagnostic knowledge are needed (e.qg., for generating evidence from informational sources
and for makinga warrantd connection between the evidence and a diagnosis or several
differential diagnosedieitzmann et al., 20)9However, diagnostic argumentation
additionally aims to provide a compmaisible and persuasive presentation of diagnostic
reasoning, for which further knowledge and skills beyond conceptual and strategic diagnostic
knowledge may be necessdsge Hetmanek et al., 2018hus, research may explore the
interrelations between justification, disconfirmati@and transparency in diagnostic
argumentation and determine to what extent the three facets are explained by conceptual and
strategic diagnostic knowledge (sstady?2 in section 3, research questions 1 and 2 for an
exploration ofjustification, disconfimation, and transparenayteacher education)

Third, if the findings support the proposition of differentiating between judgment and
argumentation as two distinct diagnostic reasoning skills, there is a need to further investigate
which educational intgentions are specifically suitable to support the learning of diagnostic
argumentation. Moreover, to determine the practical impact of differentdifiggostic
reasoning skills for teaching, learning, and assessment purpidsesto be investigated
whether learning interventions have differing effects on diagnostic argumentation and
diagnostic judgmentshe matter of facilitating diagnostic reasoning skills in higher

education is addressed in the following section.
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1.5 Facilitating Diagnostic Reasomg Skills
1.5.1 Using SimulatiorBased Learning in Higher Education

Research that aims to understand the variables and processes involved in diagnostic
reasoning ultimately aims to identify the potential for facilitating the learning and, thus, the
performance of diagnostic reasoning skills. To prepare future professionals to engage in
diagnostic reasoning ieal professional settingsee Grossman et al., 200Bjgher
education must foster knowledge encapsulation, script formation (see sectiorahd {Ag
situational application of diagnostic reasoning skills (see section IR&&arch in medical
education and teacher education has addressed the question of how to learn diagnostic
reasoning skills in higher education: The findings suggestttisahighly beneficial to
confront future professionals with authentic diagnostic problems in the course of higher
educationChernikova, Heitzmann, Fink et al., 2020) Howe ver , st udifent sé ac
practice and, consequently, the number and diversity ofifeancounters with diagnostic
problems are limite@Grossman et al., 2009; Heitzmann et al., 20l8)olving inexperienced
students in redlife practice is also associated with increasssburce requirements (e.g.,
educatorsd time investment i fegsoconqEgmngti ng st u
pat i entAvétah 8083 Ib both medical education and teacher education,
simulationbased learningvas suggested as a promising approach for approximating practice
in higher education to familieme students with everyday professional situati@radley,
2006; Grossman et al., 2009; Kaufman & Ireland, 2016)

Simulationsare simplifia but valid representations of professional situations that have
a set of features, which can be manipulated by lea(Heitzmann et al., 2019; Saugéal.,
2007) In higher education, digital simulations such as virtual pat{€udsket al., 2010)
have become increasingly popu{@egerurtner et al., 2014because of their resource
effectiveness and accessibility to large groups of learners. Designing a simulation allows the
presentation of specifically selected diagnostic problems and the functional adaptation of their
characteristis , such as reducing a problembébs compl ex
diagnostic problems makes simulations a valuable tool not only for educational purposes but
also for researching diagnostic reasoning across and within different(fahéts
Radkowitsch et al., 2021)

Simulations are particularly beneficial not only for practicing gaay professional
situations but also for specifically focusing on infrequamtigh-risk situations and
repeatedly practicing specific subsets of skllle Coninck et al., 2019; Grossman et al.,
2009; Kaufman & Ireland, 2016; Ziv et al., 2008)mulationbased learning is thus
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considered welkuitable to foster diagnostic reasoning sKileitzmann et al., 2013nd

may be also regarded as wsllited to specifically practice diagnostic judgment and
diagnostic argumentation (see section 1.4.3). As-areddytical findings indicate, simulation
based learning exerts ade positive effect on diagnostic reasoning when compared to no
intervention(Chernikova, Heitzmann, Stadler et al., 2020; Cook et al., 2010; Cook et al.,
2011)and small to medium positive effects when compared to other types of instruction
(Cook et al., 2010; Cook et al., 201Pjowever, despite presenting simplified representations
of diagnostic problems and situations, simulati@sed learning remains challenging for
learnersin particular, novice learners require support and feedback to cope with the
complexity of the simulated problems and effectively learn diagnostic reasoning skills
(Cheanikova, Heitzmann, Fink et al., 2020; Cook et al., 2010; Cook et al., 2013; Wisniewski
et al., 2020)

Research has not investigatedether facilitating diagnostic judgment and diagnostic
argumentation in simulatiebased learning requires differenpport and feedback to be
effective. For example, supporting learners to provide-figdity justifications in diagnostic
argumentation might require particularly elaborated feedback. Moreover, if research identifies
the dffering effects of feedback orlo¢r support measures on the learning of diagnostic
judgment and diagnostic argumentation, these findings would emphasize the practical
relevance of differentiatingiagnostic reasoning skills for teaching and learning purposes.
Whethersimulationbased leaning of diagnostic judgment and diagnostic argumentation
requires different feedback wile exploredn the thirdstudypresented in this thesis (see
study3 in section 4).

1.5.2 Automatic Adaptive Feedback in Simulati®dased Learning

Receiving feedbek is considered crucial for maximizing the benefits of simulations in
learning complex skills such as diagnostic reaso(@wpk et al., 2010; Cook et al., 2013;
Scheuer et al., 2012yeedback provide i nf or mati on about the aspe
performance or understanding, such as a correct task solution, corrective information about
the gap between the | earnerds performance an
complementary information abba task, information about alternative strategies, or
encouragemer{tHattie & Timperley, 2007)However, different types of feedback are
associated with varying benefits for different types of learning objectives. For example, task
related feedback focuses solely on the information about correct taskrsoand is
considered effective for facilitating simple and familiar tasks (i.e., they can be performed

using mainlyintuitive informationprocessing; see section 1.4:ttie & Timperley, 2007,
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Narciss et al., 20)4However, to facilitate the performance of tasks that demand the
identification of causal relations thugh controlledinformation processing (see section 1.4.2),
elaborated feedback is needed, which offers information on how to appropriately process a
task(Cook et al., 2013; Hattie & Timperley, 2007; Narciss et al., 2014; Scheuer et al., 2012;
Wisniewski et al., 2020)Consideringhe learning of diagnostic judgment or diagnosti
argumentation, both diagnostic reasoning skills, since they can imvatelledinformation
processingshould benefit from elaborated feedbadkwever, diagnostic argumentation is
assumed to involve a higher necessitydamtrolledinformation proessing, whereas

diagnostic judgment can partly rely oruitive informationprocessing (see sections 1.4.2 and
1.4.3) Therefore, the effects of elaborated feedback on diagnostic judgment and diagnostic
argumentation may vary.

Elaborated feedback on thppropriate or optimal processing of a task can be
implemented using different means. Often, elaborated feedback is implemesitaiicas
feedbacki.e., nonadaptive feedback), for example, by presenting an expert solution, which
exemplifies the procesgrof the task and can be made available to all learners after they
submit their own attempts at solving the problgng., Renkl, 2014)in doing so, an expert
solution can servas a generic and thus a resougfficient form of feedback in higher
education. Moreover, providing expert solutions as static feedback can be easily automated in
digital learning environments (e.g., in digital simulations). However, a disadvantagg of an
form of static feedback is that learners need to compare their own task processing and solution
with the expert solution and identify areas for improvement by themselves. Since this
comparison confronts learners with large amounts of information, gcat eed | ear ner s
working memory capacity and restrain their learr(®@geller et al., 2019)

In contrast to static feedbacgaptive feedback d j ust s t o a | earner 0:
processing and solutigsee Plass & Pawar, 2020y, for example, highlighting the gaps
between the current and desired performance or by providing additional explanation if
significant mistakes are detect@®Imba et al., 2017; Narciss et al., 2014; Plass & Pawarr,

2020) Adaptive feedback can thus facilitate | e
knowledge and options for improvement and thrae the working memory capacity for the

actual learning processes ($¢ereno, 2004; Narciss, 2008; Sweller et al., 20Therefore,

elaborated adaptive feedback may be particularly beneficial for learning skills, such as

diagnostic argumentation, that require identifying causal relations thomungiolled

information processing and are associated with high demands on working memory.
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However, providing adaptive feedback manu
andwriting detailed and elaborated feedback is an extremely resmterssive task for
hi gher education teachers. Automating the an
learning environments (e.g., in digital simulations) to proadematic adaptie feedbacko
numerous learners seems to be a potential solution. Prior research primarily explored the use
of closed format questions or log data, which can be assessed automatically by cognitive
tutors and intelligent tutoring syster{Graesser et al., 2018jlowever, providing automatic
adaptive feedback on diagnostic argumentation requires automating the analysis of verbal data
and, to this end, Natural Language Processing (NLP) can be employed, which uses methods
of artificial intelligence and machine learning to parse, analyze, and understand human
languaggManning & Schuetze, 2005] he recent advancements in the methods of artificial
intelligence and machine learning, namely artificial neural networks, offer new technical
capabilities that enable the analysis of complex Jetéta(Li, 2018), such as diagnostic
argumentation, to be automated. NLP methods may thus be considered useful in automating
the detailed, redtime analyses oflearer s 6 di agnosti c argumentati o
adaptive feedback without involving a human correftee Plass & Pawar, 202@ome

initial evidence suggests, that using NLP to automate adaptive feedback on written

explanations can facilitate | earnersodo revisi
enhance the quality (@Huettalh2017 Zhaet al.,2028)6 | ust i f i
NLP-based automaticdaa pt i ve f eedback may al so incresé

simulationbased learning of diagnostic reasoning skills, especially regarding the quality of
justification in diagnostic argumentation. Therefore,tthed studypresented in this thesis
compaed theeffects of NLRbased automatic adaptive feedback and static feedback (i.e., an
expert solution) on the accuracy of diagnostic judgments and the quality of justifications in
diagnostic argumentation in the context of simulatiased learnin§seestudy 3 in section 4,
research questions 1 and 3).
1.5.3 Social Form of Learning in SimulatiorBased Learning

Simulatiorbased learning can be implemented in different learning settings. In
particular, thesocial form of learningan be varied: learnersrcaolve diagnostic problems in
simulationrbased learningdividually or collaboratively(see Chi, 2009)Collaborative
|l earning refers to two or more individual sbo
| earning activities, thereby exédrsteien @@ omwtnunell
& Hmelo-Silver, 2013; Roschelle & Teasley, 1998pllaborative learning often involves

collaborative problersolving, which is characterized by the shared goal of collectively
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finding a problem solutiofsee Dillenbourg et al., 2009; Hme®lver & DeSimone, 2013;
Roschelle & Teasley, 1993research on collaborative learning found that using simulations
as a learningrevironment is highly effective when compared to other technologically
supported learning environmerifeong et al., 2019)

Collaborativesimulatiortbased learning of diagnostic reasoning skills involves
collaborative learning and collaborative problsoiving by letting learners solve diagnostic
problems together, thus making them engage in collaborative diagnostic regsening
Kiesewetter et al., 2017; Riealvitsch et al., 2020)Collaborative diagnostic reasoning
requires learners to explicate and exchange reasons while they are engaged in solving a
diagnostic problem. This iprocess diagnostic argumentation might facilitate-post
diagnostic argumerntian, that is, the comprehensible and persuasive explanation of the
diagnostic conclusions (see section 1.4.3). Evidence concerning collaborative problem
solving suggests that collaborative learners reflect more on hypotheses and evidence when
solving diagnostic problems, whereas individual problspivers were found to be rather
solutionoriented(Csanadi et al., 2021; Okada, 1997@arning partners can benefit from
being chall enged by e atwvdies eftedtian alibst ungxpleredt i on s,
perspectivegAsterhan & Schwarz, 2009; Roscoe & Chi, 2008)addition, research has
found that | earners can criticallagueental uat e
(Mercier & Sperber, 2017ritically evaluating ad reconciling different arguments within
collaborative diagnostic reasoning might facilitat# only diagnostic argumentation but also
accurate diagnostic judgments. Collaborative simulabiased learning thus seems to offer
further potential for facilating the learning of diagnostic reasoning sKiisheuer et al.,

2012)

Another assumed benefit of collaborative learning and problem gab/ihat learners
receive additional feedback from their learning part(eee Weinberger et al., 2010)

Coll aborating | earners evaluate each otheros
each otherds knowledge gaps. Thereflasedd, t he
learning ofdiagnostic reasoning skills might interact with the social form of learning, in that

the coll aborative | earnersd need for adaptiwv
compared to that of individual learners.

However, two metanalyses suggesteéhat research findings concerning collaborative
simulationbased learning are mix¢@ook et al., 2012; Cook et al., 201B)oreover, there is
evidence that collaborative learners aggmificantly benefit from receiving adaptive
feedbacKk Chuang & OO6Nei |, 2 0.B8sjdeslkhs podlibe&efitOforNe i | ,
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learning, collaboration involves transaction costs associated with interacting, communicating,
and coordinatingKirschner et al., 2009)he collaborative activities can demand additional
working memory capacity, characterized as collaboration (daussen & Kirschner, 2020)
so that €ss working memory capacity is available for the actual task performance and
learning processes (s8wveller et al., 2019 The collaboration load might restrain the
learning of complex skills that specifically dematahtrolledinformation procesing and are
associated with high demands on the working memory, such as diagnostic argumentation (see
section 1.4.3).

The need for feedback and thus the effects of the different kinds of feedback might
differ depending on whether learners learn indigituor collaboratively. However,
considering the contrasting findings and theoretical assumptions regarding the benefits and
costs of collaboration, the direction of a potential interaction effect between the social form of
learning and the need for feexdl in the simulatiobased learning of diagnostic reasoning
skills is unclear. Moreover, whether the effects differ with respect to facilitating diagnostic
judgment or diagnostic argumentation is an open question. These questions are addressed in
thethird studypresented in this thesis (s&edy3 in section 4, research questions 2 and 4).
1.6 General Research Questions, Methodological Considerations, and Outline of the
Studies

This thesis describes research that aimed to contribute to (a) developarg aross
disciplinary research perspective on diagnostic reasoning, (b) integrating and refining the
existing understanding of the relevant skills, and (c) presenting approaches to facilitate their
learning. In explaining the theoretical foundationshid thesis, several tasklated,
epistemically grounded, and cognitively related reasons have been introduced, which explain
why and in which regard different fieldsmedical education and teacher education, in
particulari may be comparable or limited their comparability with respect to diagnostic
reasoning. One initial constraint in researching diagnostic reasoning across different fields is
the differences in diagnostic problems, which can be evaluated in terms of several
characteristics, such asntent areagxemplarity complexity, and required activities (see
section 1.2). Diagnostic reasoning research should consider variations in the characteristics of
diagnostic problems across different fields and, if possible, try to match the charastefistic
the diagnostic problems when comparing, for example, the epistemic processes across
different fields. Comparing the epistemic processes can be done by referring to epistemic
aims Chinn et al., 2011see section 1.3.1), diagnostic activitiEs¢her et al., 201 4ee

section 1.3.2), and diagnospicactices Bauer et al., 202Gee section 1.3.3), which may
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provideparticular insights into the diagnostic reasoning of different fields. Therefore, the first
study compared diagnostic activities and diagnostic practices across medical education and
teacher education.

Moreover, the differences and similarities in thergtige aspects of diagnostic
reasoning have been elaborated. On the one hand, diagnostic kno{idédgeh et al., 2018)
was considered as a fiefghecific basis for diagnostic reasoning (see section 1.4.1). On the
other hand, cognitive processing was consideredspewific to any field (see section 1.4.2),
which implies that respective research fimg$ may be considered transferable across
different fields (while considering the characteristics of the researched individuals as well as
diagnostic problems and situations). A rationale was provided as to why and how diagnostic
reasoning skills may béafterentiated into diagnostic judgment (which aims to achieve
diagnostic accuracy; e.d.oibl et al., 2020 and the newly defined conceptualization of
diagnostic argumentatiqisee section 1.4.3addtionally suggesting that this differentiation
may be relevant to both fields of medical education and teacher education. To further
elaborate on the idea of diagnostic argumentation, a conceptualization of diagnostic
argumentation was introduced, includithg three facets of justification, disconfirmation, and
transparency (see section 1.4.4). The three facets were suggested to resemble some standards
and practices involved in scientific argumentation and thus should be relevant to diagnostic
argumentatioin different fields, such as teacher education and medical education. Using
teacher education as the context for initial investigation, the idea of distinguishing diagnostic
judgment and diagnostic argumentation as two different diagnostic reasoniagvsisill
empirically investigated in a second study, which also explored the three facets in diagnostic
argumentation.

How diagnostic judgment and diagnostic argumentation may be facilitated using
approaches of simulatiemased learnine.g., Chernikova, Heitzmann, Fink et al., 2020)
adaptive feedbacfe.g., Bimba et al., 201&nd cdlaborative learninde.g., Csanadi et al.,
2021)was discussed as well. In that regard, it is particularly interesting whiéhproposed
learning interventios exert differing effects on diagnostic argumentation and diagnostic
judgments, which would support the assumption that differentidtagnostic reasoning
skills has gractical impacbn the teaching, learning, and assessment of diagnostic reasoning.
Therefore, a third study investigated the effects of the proposed approaches on the diagnostic

accuracy of diagnostic judgments and the quality of justification in diagnostic argumentations.
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The following sections offer a brief overview of the three studigarding the
investigated research questions as well as the considerations concerning the particular
methodological approaches.

1.6.1 Outline of Study 1

To develop a more croghsciplinary research perspective on diagnostic reasoning,
research on epmsinic processing in diagnostic reasoning across different fields was proposed
(see section 1.3). In particular, researching diagnostic activities (see section 1.3.2) and
diagnostic practices (see section 1.3.3) may result in not only new insights abtarit@mi
but also differences in terms of fietdlated specifics in epistemic ideals, standards, and
processegsee Chinn et al., 2014y herefore, théirst study aimed to compare diagnostic
activities anddiagnostic practicei medical education and teacher education. The research
guestions were as follows:

RQL To what e xt daiagnhostd activitiesi#fer between inedical education and
teacher education?

RQ2: To what e xt aiagnostit practicesiffer between dnedical education and
teacher education?

To explore diagnostic practicesterms of theollective patterns of diagnostic
activities, the novel method of Epistemic Network Analysis (ENA) was used (ENéffer,
2017. ENA is specifically designed for exploring and comparing individual and collective
patterns of epistemic processing.dtgorithm analyzes theo-occurrence of specific
instances (such as diagnostic activities) in adafned temporal context (such as a moving
window of two sentences within a diagnostic argumentatiea;SieberEvenstoneet al.,

2017 and creates networks based on the relative frequencies of the obseogedrtences
within the data. In doing so, the method provides an opportunity to explore the collective
patterns of diagnostic activities dsgnostic practices armmpare them across medical
education and teacher education.

However, research across different fields can be affected by differences in the
characteristics of diagnostic problems (see section 1.2), which can systematically influence
diagnostic reasonin@.g., systematic differences in the diagnostic activities required to solve
the diagnostic problems). Diagnostic problems can be compared in terms of several
characteristic$ content areagxemplarity complexity, and required activitiéshat can
affed diagnostic reasoning and should be considered when researching diagnostic reasoning
across different diagnostic problems. Therefore, the research in this thesis used digital

simulations of diagnostic problems for researching diagnostic reasoning aeaisalm
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education and teacher educat{see Appendix A for more information about the simulation
based learning environment)sing simulations for researching diagnostic reasoning across
different fields allows the presentation of specifically selectagristic problems and the
functional adaptation of their characteristiEsk, Radkowisch et al., 2021see section 1.2).
For the current research, two sets of simulated diagnostic problems were designed: In medical
education, the students were confronted with diagnostic problems concerning patients having
fever or back pain (e.g., becausf a hepatitis A virus infection or an ankylosing spondylitis).
In teacher education, the students were confronted with diagnostic problems concerning
problems of pupils having deficits in reading and writing or behavioral problems, which had
to be distnguished as clinically relevant (e.g., because of dyslexia or ADHD) or not clinically
relevant (e.g., drop in school performance because of a visual impairment or inattentiveness
because of emotional stress induced by family conditees Appendix A fomore
information about the two sets of diagnostic problembese sets of diagnostic problems
were selected and designed to achieve a comparatively high degree of matching in terms of
complexity and required activities. For example, both the learningagmmaents presented
diagnostic problems with a matched structure: An initial problem statement concerning a
virtual patient or pupil was presented so that the diagnostic activiewofifying problems
was not required. Next, the students hagdoerate @eidenceby accessing several
informational sources, such as the results of different examinations and tests in medical
education, and in teacher education the reports of observations from inside and outside of the
classroom, and t hwriten axerpidesasd sohbol certifiecatep. Thei | s 6
students had tgenerate hypothesesdevaluate evidend® draw conclusionsind solve the
diagnostic problem. Moreover, both sets of diagnostic problems were considered to involve
high degrees of accountabjland responsibility, thus inducing a high situatiogilstemic
value of achieving thepistemic aim ofliagnostic accuracy (see section 1.3.1). The matched
design of the simulated diagnostic problems might be considered as increasing the degree of
functional comparability of the observed diagnostic activities and diagnostic practices across
the two fields (see section 1.3.2).
1.6.2 Outline of Study 2

To integrate and refine the existing understanding of diagnostic reasoning skills, the
thesis proposetb distinguish diagnostic judgment and diagnostic argumentation as two
different diagnostic reasoning skills (see section 1.4.3). However, introducing the
conceptualization of diagnostic argumentation, includiregthree facets of justification,

disconfrmation, and transparency posed several questions (see section 1.4.4). In particular,
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the idea of distinguishing diagnostic reasoning skills with respect to diagnostic judgment and
diagnostic argumentation required empirical investigation. Moreover, ribe fdcetsequired
exploration concerning whether the three facets represent distinct subskills or one joint
underlying skill of diagnostic argumentatidn.this regard, the degree to which justification,
disconfirmation, and transparency are based erséime or different knowledge is
particularly relevant. Because conceptual and strategic diagnostic knowledge are thought to
be a major basis for the reasoning presented in diagnostic argumentation, they might also be
important for explaining the performe differences regarding justification, disconfirmation,
and transparency in diagnostic argumentation. However, apart from explicating prior
reasoning, diagnostic argumentation additionally aimed to offer a comprehensible and
persuasive presentation of tldentified reasons for which further knowledge and skills
beyond conceptual and strategic diagnostic knowledge may be relevant (see Hetmanek et al.,
2018). Therefore, another matter of investigation was the extent to which conceptual
diagnostic knowledgand strategic diagnostic knowledge each contribute to explaining
variance in justification, disconfirmation, and transparency in diagnostic argumentation.
These open questions wenapirically investigated in the second study. For this
purpose, teacher edation was selected as the context for the initial investigation, yet
suggesting that the introduced conceptualization and research questicaie\ana to both
fields of medical education and teacher educaiitwe. text data collected for the firstdy in
teacher education was reanalyfsele Appendix B for information about the coding of the
textdata) f urt her, preservice teachersé prior co
well as the diagnostic accuracy of their diagnostic judgments also analyzed. The second
study investigated the following research questions:
RQ1: Do justification, disconfirmation, and transparency represent distinct subskills or are
they indicators of one joint underlying diagnostic skill?
RQ2: To which extenare justification, disconfirmation, and transparency based on
conceptual diagnostic knowledge and strategic diagnostic knovedge
RQ3: Do diagnostic judgment and diagnostic argumentation represent different diagnostic
reasoning skills?
1.6.3 Outline of $udy 3
To present and investigate approaches to facilitate the learning of diagnostic reasoning
skills, the third study addressed the effects of adaptive feedbarkBimba et al., 2018nd
collaborative learninge.g., Csanadi et al., 202ih)the simulatiorbased learning of

diagnostic reasoning skil{g.g., Chernikova, Heitzmann, Stadler et al., 20R@ompared
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the effectsf automatic adaptive feedback vs. static feedback (i.e., expert solutions) in
simulationbased learning on the accuracy of diagnostic judgment and the quality of
justification in diagnostic argumentation. It also addressed the potential interactidas effec

the type of feedback with the social form of learning, in terms of individual vs. collaborative
learning. Automatic adaptive feedback and collaborative learning were assumed to facilitate
accurate diagnostic judgment and haghality justification indiagnostic argumentation.
However, there may also be variations in the result pattetthe dfvo diagnostic reasoning
skills; for example, higher benefits for diagnostic argumentation compared to diagnostic
judgment (see section 1.5.2he study address the following research questions:

RQ1: Isautomatic adaptive feedbaakore effective thastatic feedbackn fostering

( RQ1la) Hisgaostioaccusdy

(RQ1lb) pualdyrofijustificatiory

Automatic adaptive feedback was hypothesized tmbee effective than static

feedback in fostering | eartiZwetrals 2017dZhaegno st i

al., 2020 Hypothesis la for diagnostic accuracy; 1b for the quality of justification).
RQ2: Is there an interaction of tsecial brm of learningand thetype of feedbacén

( RQ2a) Hiagaostio accusady

(RQ2b) pualdyrofjustificator

The social form of learning and the type of feedback were hypothesized to interact

concerning the effects on diagnostic reasoskitis (Hypothesis 2a for diagnostic

accuracy; 2b for the quality of justification).

As part of this study, an Nl-Based algorithm was developed and used to implement
automatic adaptive feedback in a simulatised learning environment. Implementinghsuc
NLP-based systems initially requires training data. Manually coded text data of 118
preservice teachers who had participated in the first gBalyer et al., 202Gee Appendix B
for information about the coding schemesas used to train the NLP algorithm. The
algorithm learned from the training data to automaticalybny z e t he pr eser vi ce
written task solutions and identify the included diagnostic entities (evidences and diagnoses)
and diagnostic activities (hypothesis generation, evidence generation, evidence evaluation,
and drawing conclusions; sekeitzmann et al., 20)9Further details on training the NLP
algorithm to detect diagnostic activities were describe8dhwulz et al(2019) Moreover, a
technical description of the full feedback system was providdefdffer et al.(2019) After
the algorithm was implemented in the simulatimsed learning environment, the students

could submit their written task solution and receivéinme automatic adaptive feedback
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comprising predefined feedback elements, which the system selected based on the identified
diagnostic entities and diagnostic activities (serly3 in section 4)Further information on
the feedback is available in App#r D.
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In this article, we investigate diagnostic activities and diagnostic practices in medical
education and teacher education. Previous studies have tended to focus on comparing
knowledge between disciplines, but such an approach is complicated due to the
content specificity of knowledge. We compared 142 learners from medical education
and 122 learners from teacher education who were asked to (a) diagnose eight
simulated cases from their respective discipline in a simulation-based learning
environment and (b) write a justificatory report for each simulated case. We coded
all justificatory reports regarding four diagnostic activities: generating hypotheses,
generating evidence, evaluating evidence, and drawing conclusions. Moreover, using
the method of Epistemic Network Analysis, we operationalized diagnostic practices
as the relative frequencies of co-occurring diagnostic activities. We found significant
differences between learners from medical education and teacher education with
respect to both their diagnostic activities and diagnostic practices. Learners from
medical education put relatively more emphasis on generating hypotheses and drawing
conclusions, therefore applying a more hypothesis-driven approach. By contrast,
learners in teacher education had a stronger focus on generating and evaluating
evidence, indicating a more data-driven approach. The results may be explained by
different epistemic ideals and standards taught in higher education. Further research
on the issue of epistemic ideals and standards in diagnosing is needed. Moreover,
we recommend that educators think beyond individuals’ knowledge and implement
measures to systematically teach and increase the awareness of disciplinary standards.

Keywords: diagnostic activities, diagnostic practices, medical education, teacher education, interdisciplinary
research

INTRODUCTION

Interdisciplinary research involves various challenges, for example, the comparability of specific
variables. In this article, we refer to a framework of diagnostic activities (Fischer et al., 2014;
Heitzmann et al., 2019) that was applied to compare learners’ diagnostic assessments within
two disciplines (i.e., medical education and teacher education). We aim to investigate diagnostic
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activities in these disciplines and explore their conceptual
integration into diagnostic practices. Hereby, we also seek to
facilitate future interdisciplinary research on diagnostic practices
and the learning of diagnostic activities.

Facilitating diagnostic skills in higher education is an
important objective in many disciplines (e.g., Chernikova et al.,
2020). This is certainly the case in medical education, which
focuses on training future physicians in the assessment of patient
symptomology. Similarly, future teachers’ professional challenges
include diagnosing students’ performance, progress, learning
difficulties such as behavioral and learning disorders, or other
learning prerequisites (Reinke et al., 2011). Independent of the
discipline, we broadly define diagnosing as “a process of goal-
oriented collection and integration of case-specific information
to reduce uncertainty in order to make medical or educational
decisions” (Heitzmann et al., 2019, p.4).

Professional knowledge is a crucial prerequisite for
diagnosing (Blomeke et al., 2015). There are numerous
models conceptualizing professional knowledge (e.g., Shulman,
1987; Kopp et al., 2009; Charlin et al., 2012), e.g., in terms of
content like biological knowledge in medicine (Charlin et al.,
2012) and pedagogical knowledge in teaching (Shulman, 1987).
Research has even suggested that professional knowledge in
diagnostic reasoning may not only be discipline-specific but
case-specific, since abstract types of e.g., strategic knowledge
(Kopp etal., 2009) do not seem to transfer well across cases (e.g.,
Wimmers et al., 2007; Schwartz and Elstein, 2009). A recently
proposed interdisciplinary perspective on professional diagnostic
knowledge integrated conceptualizations in medical education
and teacher education into an interdisciplinary model with the
two dimensions of content-related facets and abstract types
of knowledge (Fortsch et al., 2018). The model acknowledges
that the issue of content-specificity also affects abstractions
like types of professional knowledge, and thus emphasizes
limited comparability of professional diagnostic knowledge
across disciplines.

We argue nonetheless that interdisciplinary research in
diagnosing may still benefit from a more abstracted level of
observation, namely: diagnostic practices. We build on the
idea of epistemic practices, which are defined as “the specific
ways members of a community propose, justify, evaluate, and
legitimize knowledge claims within a disciplinary framework”
(Kelly, 2008, p. 99). Epistemic practices involve community-
specific or discipline-specific epistemic aims (e.g., that a claim
is justified), epistemic ideals (standards and criteria to assess
the achievement of aims, e.g., that the evidence supports the
claim and disconfirms competing claims), and processes that
are considered reliable (e.g., disconfirming competing claims;
Duncan and Chinn, 2016). Transferring the idea of epistemic
practices into the context of diagnosing, we define diagnostic
practices as systematic approaches that are applied to collect and
integrate case-specific information to reduce uncertainty, and to
make and communicate informed and justifiable decisions in
a professional situation (Kelly, 2008; Heitzmann et al., 2019).
We assume that diagnostic practices within disciplines may
involve specificities concerning their epistemic aims, ideals and
processes (Duncan and Chinn, 2016), e.g.,, the standards for
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justifying a diagnosis. Therefore, comparing diagnostic practices
across disciplines may improve our understanding and facilitate
future research.

To conceptualize diagnostic practices across different
disciplines, we refer to underlying diagnostic activities such as
generating hypotheses, generating evidence, evaluating evidence,
and drawing conclusions (Fischer et al., 2014; Heitzmann et al,,
2019; see Supplementary Material section “Supplementary
Hlustration of the Framework of Diagnostic Activities” for
further details). The activities framework has been investigated
in different disciplines, e.g., social work education (Ghanem
etal., 2018), teacher education (Csanadi et al., 2018), and medical
education (Lenzer et al, 2017). We assume, that although
concrete hypotheses, evidence, and conclusions are specific, the
epistemic purpose of these diagnostic activities is conceptually
transferable across disciplines (Hetmanel et al., 2018): Although
different hypotheses are appropriate for different diagnostic
cases, the activity of generating hypotheses holds the purpose
of identifying potential explanations, which may require further
investigation. Thus, in investigating diagnostic activities, the
case-specific content may be less important compared to
characteristics concerning the structure of cases (e.g., the form
and amount of potentially available evidence).

As a starting point in investigating diagnostic practices,
we can interpret and integrate disciplinary conceptualizations
used in previous research in terms of diagnostic activities:
In medical education, research has focused in particular on
process characteristics of diagnostic reasoning (e.g., Coderre
et al, 2003; Norman, 2005 Mamede and Schmidt, 2017).
Several studies found that medical students conform to a
diagnostic practice, which was characterized as hypothesis-driven
approach: Students generated different hypotheses and evaluated
evidence accordingly to draw conclusions about their initial
hypotheses (e.g., Coderre et al., 2010; Kiesewetter et al., 2013).
The hypothesis-driven approach reflects an epistemic ideal of
differential diagnosing, which is considered a reliable process
in medicine and is thereby taught in medical education (see
Duncan and Chinn, 2016). However, research has also found that
some medical students exhibit a data-driven approach instead,
which focuses on generating and evaluating evidence without
considering specific hypotheses or integrating evidence into
conclusions (e.g., Grisel and Mandl, 1993; Norman et al., 2007;
Kiesewetter et al., 2013).

In teacher education, research has mostly conceptualized
diagnostic practices in terms of professional vision (Goodwin,
1994). Two subcomponents of professional vision have
been distinguished: noticing, which includes identifying
problems and generating hypotheses, and reasoning, which
comprises describing, explaining, and predicting (e.g., Seidel
and Stirmer, 2014). Describing refers to reporting generated
evidence. Explaining means evaluating evidence in reference to
professional knowledge. Therefore, describing and explaining
both focus on evidence and seldom involve generating
hypotheses or drawing conclusions, both of which point to
predicting consequences of observations. Research indicates that
expert teachers integrate describing, explaining, and predicting
into their diagnostic practice (Seidel and Prenzel, 2007).
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However, describing seems to be a prevailing aspect, while the
use of predicting is more variant (Stiirmer et al., 2016).

Given that work surrounding diagnostic assessment has
primarily emerged from the disciplines of medical education and
teacher education, we aimed to compare and integrate these two
theoretical approaches with respect to diagnostic activities and
diagnostic practices. Specifically, we operationalized diagnostic
practices as the co-occurrence of diagnostic activities, which we
investigated via the use of Epistemic Network Analysis (ENA)
(Shaffer, 2017). The research questions are as following:

RQ1l: To what extent do learners diagnostic activities differ
between medical education and teacher education?

RQ2: To what extent do learners diagnostic practices differ
between medical education and teacher education?

METHOD
Participants

A total of 142 medical students and 122 pre-service teachers
participated in two matched data collections. Medical students
were in their 5th to 11th semester (M = 8.15; SD = 1.82). Their
mean age was M = 24.41 (SD = 2.89). A total of 102 were women
and 40 were men. Pre-service teachers were in their 1st to 13th
semester (M = 4.55; SD = 3.40), were on average M = 22.96 years
old (SD = 4.10), and were mostly women (106 women; 15 men;
1 non-binary). Since half of the sample in teacher education
was in their Ist to 4th semester, we defined a subsample of
students in teacher education in the 5th or a higher semester
for additional subsample analyses (see Supplementary Material
section “Supplementary Subsample Analyses”).

Materials

We developed simulation-based learning environments for
medical education and teacher education, using the authoring
tool CASUS (Hege et al, 2017). Both learning environments
included eight cases with a parallel structure: The cases began
with an initial problem concerning a virtual patient or student.
Next, learners could freely choose to access several informational
sources in any sequence. Learners solved two tasks in each of
the eight cases: First, they provided a diagnosis of the virtual
patient or virtual student’s problem; second, they had to write
a justificatory report, after being prompted, to justify their
diagnosis by indicating how they approached and processed the
case information.

The medical education cases presented virtual patients with
symptoms of fever and back pain. Medical students were asked
to take over the role of a general practitioner. After reading
the initial problem statement, where the patient revealed his or
her reason for seeing a physician, learners accessed the patient’s
history and had the option to access the results of different
examinations and tests, e.g., physical examination, laboratory,
X-ray, ECG.

In the teacher education cases, we asked pre-service teachers
to take over the role of a teacher who was encountering a student
with some initial performance-related or behavioral problems

Diagnostic Activities and Diagnostic Practices

that might even be clinically relevant, e.g., ADHD or dyslexia.
We chose these topics because they are relevant for teachers
and at the same time entail structural similarities to medical
cases. After reading the initial problem, the learners could access
informational sources such as reports of observations from
inside and outside of the classroom as well as transcripts of
conversations with the student, the parents, and other teachers.
Moreover, participants could explore samples of the student’s
written exercises and school certificates.

For further details on the learning environment and the cases
used, see Supplementary Material sections “Supplementary Case
Materials for Medical Education” and “Supplementary Case
Materials for Teacher Education.”

Procedure

The data collection was computer-based and took place in
a laboratory setting. We introduced participants to the aims,
scope, and procedure of the study and familiarized them with
the materials. Next, participants entered the simulation-based
learning environment that was designed for their field of study.
After giving informed consent to participate in the study, they
had to answer a knowledge pretest that took up to 35 min.
Afterward, they entered the learning phase, consisting of the eight
simulated cases of their respective discipline. Time on task for
all cases was M = 45.1 min (SD = 12.2) in medical education
and M = 51.8 min (SD = 16.5) in teacher education. After four
cases, participants took a break of 10 min before continuing with
the second part of the learning phase and solving cases five to
eight. Subsequently, they had to answer a knowledge posttest,
which again took up to 35 min. Finally, participants received
monetary compensation.

Data Sources and Instruments

For this paper, we analyzed only the text data from the
justificatory reports that all learners wrote for the eight simulated
cases. Participants wrote the justificatory reports in an empty
text field, right after indicating their diagnosis for each case.
There was no template or additional support apart from the
standardized prompt to justify the diagnosis by indicating how
they approached the case and how they processed the case
information. The overall data set used in this paper consisted
of 1,136 justificatory reports written by the 142 medical students
(average number of words per report M = 57.4; SD = 32.6) and
976 justificatory reports written by the 122 pre-service teachers
(average number of words per report M = 89.6; SD = 53.2).

Diagnostic Activities

We coded the two sets of justificatory reports on four diagnostic
activities: generating hypotheses, generating evidence, evaluating
evidence, and drawing conclusions. Table 1 presents definitions
and examples of the four codes. We developed a coding scheme
applicable for medical education and teacher education. Coding
and segmentation were done simultaneously to account for
overlap in the activities as well. In both disciplines, the raters
were first to second year doctoral students and student assistants
(minimum 6th semester) from the respective fields. All raters
were blind to this study’s research questions. Raters did four

]
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TABLE 1 | Definitions, examples, and inter-rater reliabilities (IRRs indicated as Krippendorif's ay) for the four codes: generating hypotheses, generating evidence,

evaluating evidence, and drawing conclusions.

Medical education Teacher education

Code Definition Example IRR Example IRR
Generating Explicit collection of different potential | believe this is a case of 0.60 The initial information makes me think of 0.43
hypotheses diagnoses or pointing to one diagnosis nerve ertrapment. impaired vision, a reading disorder, or

involving expressed insecurity, e.q9., using emaotional problems as potential

conjunctive mood. explanations for Annika’s issues.
Generating Explicit description of accessing informational Subsequently, | looked at 0.65 | observed Anna’s school-related 0.56
avidence sources, e.g., tests, interviews, or observations.  the MRl and X-ray. behavior and achievement.
Bvaluating Explicit listing and/or interpretation of separate  Among other results, the 075 Markus behaves aggressively and gets 075
evidence case information. patient has an increased offended very easily.

CRP and leukocytosis.

Drawing Explicit conclusion or rejection of at least one The patient clearly has 0.65 Consequently, | rejected the diagnosis of 0.49
conclusions diagnosis. tonsilitis involving a fever. ADHD.

rounds of joined coding training, starting with 20 reports and
increasing the number in every round of training. To evaluate
inter-rater reliability (IRR), five raters in medical education and
four in teacher education coded 150 reports for the respective
project (13% of the data set in medical education; 15% in teacher
education). The overall IRR for the simultaneous segmentation
and coding was Krippendorft’s ayy = 0.67 in medical education
and apy = 0.65 in teacher education (see Table 1), which we
consider as satisfactory. For the analyses, we calculated the
share of diagnostic activities within medical education and
teacher education, respectively, as the percentages of the different
diagnostic activities relative to the overall amount.

Diagnostic Practices

We operationalized diagnostic practices as the co-occurrences
of diagnostic activities in the justificatory reports, using
the method of ENA (Shaffer, 2017). The ENA algorithm
analyzes co-occurring diagnostic activities within a moving
window of two sentences (Siebert-Evenstone et al, 2017).
Therefore, subsequent to the coding, we determined presence
or absence of the four diagnostic activities per sentence. We
accumulated the co-occurrences and created one network graph
per discipline. In the network graphs, the colored edges refer
to co-occurrences between diagnostic activities, with thickness
indicating their relative frequencies. Relative frequencies of co-
occurring activities allowed us to draw inferences about the
general diagnostic practices of each discipline. Additionally, a
comparison graph (i.e., showing only the difference between both
graphs), allowed us to isolate the differences between the two
disciplines’ diagnostic practices.

We also centered the networks and created one centroid
per learner as well as per discipline. The centroids’ position
is relative to the co-occurrences between diagnostic activities
in the respective network. On the level of single learners, the
representation of centroids can be used to depict the learners’
distribution within the network space, which can be interpreted
as an indicator of interindividual heterogeneity in diagnostic
practices. On the level of disciplines, we can consider centroids
as group means. ENA enables statistical testing of the group
differences in overall diagnostic practices between learners in

medical education and teacher education. To facilitate the testing
of the group differences, we used the option of means rotation,
which aligns the two disciplines’ group means on the X-axis, thus
depicting systematic variance on only one dimension.

Statistical Analyses

To address RQI, the extent to which diagnostic activities differ
between learners from medical education and teacher education,
we calculated t tests for independent samples, one test per
diagnostic activity, using Bonferroni-adjusted alpha levels of
a = 0.0125 per test (¢ = 0.05/4). To statistically test RQ2,
differences in diagnostic practices between learners from medical
and teacher education, we used an independent-samples t test as
well, comparing the two group means from the two disciplines’
ENA networks at an alpha level of @ = 0.05. If Levene’s
test indicated unequal variances, we adjusted the degrees of
freedom accordingly.

RESULTS

Comparing the two disciplines, there was a significant difference
regarding the number of semesters studied (medical education
M = 8.15; SD = 1.82; teacher education M = 4.55; SD = 3.40),
t(173) = 1035, p < 0.001, Cohen’s d = 2.75. Therefore,
we analyzed the relation with the percentages of diagnostic
activities within the disciplines. There was no significant
correlation found between number of semesters studied and
the percentages of the different diagnostic activities (for details
see Supplementary Material section “Supplementary Results
of a Correlation Between Semesters Studied and Number of
Diagnostic Activities”). However, to ensure that the number of
semesters studied did not bias the results, we performed the
following analyses not only with the full sample as reported
in the following sections, but a second time, comparing
learners from medical education to the specified subsample
of learners from teacher education in their 5th or a higher
semester (see Supplementary Material section “Supplementary
Subsample Analyses”).
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Diagnostic Activities in Medical
Education and Teacher Education (RQ1)

In both disciplines, evaluating evidence was clearly the most
prominent activity found in the justificatory reports with a
share of more than half of the diagnostic activities found in the
reports (medical education M = 60.96%; SD = 10.24%; teacher
education M = 66.08%; SD = 17.02%). The difference in the
relative frequencies for evaluating evidence was significant with
a small effect size [£(192) = 2.91, p = 0.004, Cohen’s d = 0.37].
We found that in medical education, the share for generating
hypotheses was about twice as high (M = 16.26%; SD = 7.96%)
as in teacher education (M = 8.37%; SD = 6.41%). This
difference was significant with a large effect size [#(261) = 8.92,
p < 0.001, Cohens d = 1.08]. By contrast, the share for
generating evidence was about twice as high in teacher education
(M =13.74%; SD = 14.81%) as in medical education (M = 6.79%;
SD = 8.26%), and this was also significantly different with
a medium-sized effect [£(183) = 4.60, p < 0.001, Cohen’s
d = 0.59]. In medical education, we also found a significantly
higher share for drawing conclusions (M = 15.99%; SD = 6.39%)
than in teacher education (M = 11.82%; SD = 6.83%), with
a medium effect size [£(262) = 5.13, p < 0.001, Cohen’s
d=0.63].

Comparing medical education with the specified subsample
from teacher education (see section “Participants”), the
results show the same results pattern (for detailed results see
Supplementary Material section “Supplementary Subsample
Analyses”). However, there was no significant difference
in the relative frequencies for evaluating evidence [medical
education M = 60.96%; SD = 10.24%; teacher education
M = 65.40%; SD = 18.00%; t(77) = 1.81, p = 0.075, Cohen’s
d=0.34].

Diagnostic Practices in Medical
Education and Teacher Education (RQ2)

In Figure 1, we present the diagnostic practices of learners
from medical education (Figure 1A) and teacher education
(Figure 1C) as network graphs. The colored edges and their

Diagnostic Activities and Diagnostic Practices

thickness reflect the relative frequencies of co-occurrences of
diagnostic activities. The overall network across all learners from
medical education (Figure 1A) showed some similarities to
the overall network across all learners from teacher education
(Figure 1C): First, in both disciplines, we found that the
relative frequencies of co-occurrences were in accordance with
the relative frequencies of the individual diagnostic activities
(see the results for RQ1). In both network graphs, the three
relatively most frequent co-occurrences were the ones including
evaluating evidence. This is why we found evaluating evidence
near the center of the disciplines’ overall networks. However,
by looking at its temporal context indicated by co-occurrences
with other diagnostic activities, we can draw inferences about
the purpose of evaluating evidence within the respective context.
When it co-occurs with drawing conclusions or generating
hypotheses, evaluating evidence serves the purpose of explaining;
whereas when co-occurring with generating evidence, evaluating
evidence may rather describe the evidence (see Table 2 for
examples). To compare learners from medical education and
teacher education, the comparison graph (Figure 1B) shows
the difference between the two disciplines’ overall networks,
therefore indicating only the differences in co-occurrences. In
medical education, there was a relatively higher frequency of
evaluating evidence co-occurring with generating hypotheses,
pointing to a rather hypothesis-driven approach that puts
more emphasis on explaining evidence; whereas learners in
teacher education exhibited a relatively higher frequency of co-
occurrences between evaluating evidence and generating evidence,
indicating a tendency toward describing evidence or a data-
driven approach.

In addition to the disciplines’ overall networks, Figure 2
presents the distribution of single learners across the two
disciplines’ overall networks. The colored points represent the
networks’ centroids on the level of single learners from medical
education (Figure 2A) and teacher education (Figure 2C). In
teacher education, single learners’ centroids (red colored points)
are more scattered across the network space, compared to the
positioning of the single learners’ centroids in medical education
(blue colored points). This indicates that the diagnostic practices

A . B ; Cc .
Generating Generating Generating
Evidence Evidence Evidence
Generating Generating Generating
Hypotheses Hypotheses Hypotheses
Evaluating Evaluating Evaluating
Evidence Evidence Evidence
Drawing E)raw‘lng Drawing
Medical education Condusions Comparisan Conclusions Teacher education Conclusions
FIGURE 1 | ENA networks from medical education (A), and teacher education (C). The comparison network (B) depicts only the differences between the other two
networks.
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TABLE 2 | Examples of evaluating evidence, co-occurring with generating evidence, generating hypotheses, or drawing conclusions in a temporal context of one to two
sentences in the disciplines of medical education and teacher education.

Case Text Generating Generating Evaluative Drawing
hypotheses evidence evidence conclusions

Section a: Examples of evaluating evidence co-occurring with drawing conclusions or generating hypotheses in the discipline of medical education

2 Due to his age and the sudden symptomatology in only his lumbar spine, | 0 0 1 1
would diagnose a rheumatic disease.
7 Upon physical examination, she mostly indicated pain in the upper 0 0 1 0

abdomen, which highlights the region of the liver, gall bladder, and
eventually the biliary tract and pancreatic duct.
Laboratory results indicated increased liver values, which is why | believe 1 0 1 0
the patient has hepatitis.
Section b: Examples of evaluating evidence co-occurring with drawing conclusions or generating hypotheses in the discipline of teacher education
8 The characteristic writing, corfusion of characters, deficits in stringing 0 0 1 1
together syllables, as well as deficits in syllabification and slow reading
speed, combined with an otherwise good school performance, clearly

indicate dyslexia.

6 Thomas might have eventually developed ADHD and therefore low 1 0 0 0
concentration.
This assumption is backed by the fact that his performance in all subjects 0 0 1 0

decreased and that he does not fully answer all guestions on exams.
Section c: Examples of evaluating evidence co-occurring with generating evidence in the discipline of medical education

7 First, | examined all the available information, before focusing on the most 0 1 0 0
relevant points.
They mostly seemed to be related to the liver. 0 0 1 0
8 Bwven after being treated by the general practitioner, the patient stil had a 0 0 1 0

fever and symptoms of a systemic infection.

This is why, considering the anamnesis regarding previous travels, | decided 0 1 1 0
to administer an HIV test.

Section d: Examples of evaluating evidence co-occurring with generating evidence in the discipline of teacher education

6 | examined the teacher’s report and the available documents. 0 1 0 0
It seems that Thomas' symptoms have only been observable recertly and 0 0 1 0
that he has repeatedly complained about small font sizes.

5 Initially, | collected information from observations, conversations, the annual 0 1 0 0
report, and recent school exams.

2 Wy attention was caught by the mother's description of her reading 0 0 1 0

behavior at home, especially in terms of reading aloud.
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FIGURE 2 | Distributions of learners within medical education (A), and teacher education (C). The figures also contain group means (squares) across the learners
within the two disciplines. The comparison graph (B) depicts both distributions and the differences between the other two networks.

of learners from medical education are more homogeneous Figure 2 presents centroids on the group level, representing
compared with the diagnostic practices of learners from the means of all learners within the two disciplines of
teacher education. medical education and teacher education as indicated by
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the colored squares. The positioning of the group mean of
learners from medical education (M = —0.36, SD = 0.63,
N = 142) was statistically significantly different from the
positioning of the group mean of learners from teacher education
[M = 042, SD = 074, N = 122; 1(24048) = -9.16,
p < 0.01, Cohen’s d = 1.14]. This result indicates a significant
difference in diagnostic practices between teacher education
and medical education. Repeating these analyses, comparing
students from medical education with the specified subsample
from teacher education, revealed basically the same result (for
details see Supplementary Material section “Supplementary
Subsample Analyses”).

DISCUSSION

In analyzing learners’ reports of their diagnostic activities in
medical education and teacher education, we found that future
physicians and future teachers put the most focus toward
evaluating evidence. Moreover, learners from teacher education
focused more on generating evidence, whereas learners from
medical education put more focus toward generating hypotheses
and drawing conclusions. These results support the notion that
the relative emphasis on each diagnostic activity differs between
these disciplines.

The disciplinary differences in the use of diagnostic activities
is also reflected by overall diagnostic practices. Because the
overall network across all learners from medical education
was similar to the network across all learners from teacher
education, this similarity suggests that the overall diagnostic
practices are similar. Still, there were significant disciplinary
differences in the relative frequencies of the co-occurrences
of diagnostic activities. In general, we found that learners
from medical education showed a more explanation-driven or
hypothesis-driven approach (see Coderre et al., 2010; Kiesewetter
et al.,, 2013; Seidel and Stiirmer, 2014), whereas learners from
teacher education showed a more description-driven or data-
driven approach (see Grisel and Mandl, 1993; Norman et al.,
2007; Kiesewetter et al., 2013; Seidel and Stiirmer, 2014).
Furthermore, learners from teacher education showed greater
variability in their diagnostic practices than learners from
medical education.

We interpret the results relating to epistemic ideals as the
“criteria or standards used to evaluate epistemic products”
(Duncan and Chinn, 2016, p. 158). In the context of medical
education, differential diagnosing is considered as ideal for
ensuring a reliable process. Differential diagnosing essentially
refers to a hypothesis-driven approach of generating and testing
hypotheses (see Fischer et al., 2014), which is what we observed
in learners from medical education. This diagnostic standard
is put into practice on different levels (e.g., in guidelines and
university curricula), and is systematically taught to future
physicians in their medical programs. In teacher education, we
are not aware of a widespread use of such specific standards
for diagnosing in general and particularly regarding the topic of
students’ behavioral and performance-related disorders. Research
in teacher education was referred to as a rather “young” field

Diagnostic Activities and Diagnostic Practices

(Grossman and McDonald, 2008) and thus, the evolvement
of standards for diagnosing might be less advanced than
in medical education. In comparison with medical students,
pre-service teachers also seem to show greater variability in
their diagnostic practices, which may support the notion of
lower standardization in diagnostic practices or at least in
educating pre-service teachers to apply diagnostic practices.
However, there might be some implicit ideals that enhance pre-
service teachers’ tendency to embrace a data-driven approach
in their diagnostic practices. First, as a reaction to findings of
teachers’ biases in diagnostic tasks (e.g., Stidkamp et al,, 2012),
some teacher education programs have subsequently taught
the concept of professional vision (Goodwin, 1994) to pre-
service teachers, emphasizing the need to focus on describing
observations before explaining them (e.g., Seidel and Stiirmer,
2014). This development may complement other implicit values
(see Duncan and Chinn, 2016) in teaching, such as to avoid
being judgmental toward students (Aalberts et al, 2012).
Therefore, the findings may reflect disciplinary differences in
epistemic ideals implemented in higher education and diagnostic
practices, respectively.

Limitations

One limitation of the study involves the inter-rater reliabilities
for generating hypotheses and drawing conclusions, which were
relatively low in the teacher education data. This could limit the
conclusions that can be drawn about the variability in diagnostic
practices of teacher education learners in particular.

Another limitation may be the learners’ study progress:
In the full sample, learners from medical education had
completed significantly more semesters than learners from
teacher education. However, the number of semesters did not
correlate with the proportion of the different diagnostic activities.
The subsample analyses, which compared students from medical
education with students from teacher education in their 5th or
a higher semester revealed the same patterns of results as the
analyses of the full sample. Hence, it seems unlikely that the
a priori difference in the number of semesters would lead to
substantial bias in our results.

Furthermore, we acknowledge that although we argue for
the interdisciplinary comparability of the diagnostic activities’
epistemic purpose, this conceptualization may still not fully
eliminate the issues associated with comparing disciplinary
diagnostic practices. Yet, we think that diagnostic activities
and diagnostic practices are more advantageous in terms
of interdisciplinary comparability than other investigated
approaches, e.g., professional diagnostic knowledge.

The choice of clinical topics in both disciplines served the
purpose of having similarly structured problems. Nevertheless,
in teacher education there are other than clinical areas where
diagnosing is relevant (e.g., assessing a student’s level of skill).
Thus, our choice might limit the generalizability of the findings
to other areas of assessment in teacher education. However, if we
consider diagnostic practices as discipline-specific approaches,
it is reasonable to assume that the findings may replicate in
other areas of teachers” diagnostic assessments, which could be
investigated in further research.
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Finally, similar to verbal protocols, assessing reported
activities raises the question of validity, concerning the degree
to which the reports effectively represent actually performed
activities. Therefore, further research might additionally
complement reported diagnostic activities with behavioral
data like user-logs.

CONCLUSION

In this article, we have argued that interdisciplinary research
on diagnostic assessments benefits from comparisons drawn
at the level of diagnostic activities (Fischer et al, 2014) and
diagnostic practices (Kelly, 2008; Heitzmann et al, 2019) as
comparing professional diagnostic knowledge has been found to
be difficult due to its content specificity. In an interdisciplinary
comparison of justifications by learners from teacher education
and medical education, we found significant differences in
their diagnostic activities and diagnostic practices. We found
a more hypothesis-driven approach in justifications of learners
from medical education, who put relatively more emphasis
on generating hypotheses and drawing conclusions. Learners
from teacher education instead seemed to apply a more
data-driven approach, with a stronger focus on generating
and evaluating evidence. The results may allude to different
epistemic ideals and diagnostic standards (see Duncan and
Chinn, 2016) taught in higher education and thereby put into
diagnostic practices.

Diagnostic activities can provide a useful and interdisciplinary
framework to analyze diagnostic practices across disciplines.
For future interdisciplinary research, we recommend
considering matched study designs, as implemented in
our project, to maximize interdisciplinary comparability.
Additionally, from a practically oriented viewpoint, we
recommend that educators from both the medical education
and teacher education fields reflect further on their
standards in diagnosing and their underlying epistemic
ideals to further increase the awareness of practitioners
and systematization in teaching. Finally, we encourage
researchers to further investigate the potential relation
between epistemic ideals and diagnostic practices in terms
of interdisciplinary differences, commonalities, and their
continuing evolvement.
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1 Supplementary illustration of the framework of diagnostic activities

In our research, we refer to a framework of diagnostic activities such as generating hypotheses,
generating evidence, evaluating evidence, and drawing conclusions (Fischer et al., 2014; Heitzmann
etal., 2019). The full framework includes eight diagnostic activities, which are illustrated in the

supplementary Table 1.

Supplementary Table 1. The framework of diagnostic activities, adapted from Heitzmann et al.,

2019.

Diagnostic Activity

Examples from medical education and teacher education

Problem identification

A physician encounters a patient who reports non-specific symptoms such
as shortness of breath; A teacher faces a student who wrongly answers a
question in class.

Questioning

A physician asks what the reason for the symptoms could be; A teacher
asks what the reason for a student’s error could be.

Hypothesis generation

A physician suspects a specific disease, such as a pulmonary embolism; A
teacher suspects a specific misconception.

Construction and redesign of
artefacts

A medical report which indicates the need for further examination, e.g. a
computer tomography; The development of a task which provides insight
into the presence of a misconception.

Evidence generation

Conducting further examination, for example through computed
tomography; Observation of the student’s solution of the task.

Evidence evaluation

Evaluation of the computer tomography with signs of a pulmonary
embolism; Evaluation of the solution of the task with some but not all of the
signs for the hypothesized misconception.

Drawing conclusions

Deciding that the most likely cause of the patient’s symptoms is a
pulmonary embolism; Deciding that the most likely reason for the student’s
error is the assumed misconception, which impedes further learning.

Communication and
scrutinization

A medical report with the diagnosis of a pulmonary embolism for another
physician; Informing another teacher about the discovered misconception
held by a certain student so that teacher can adapt the teaching.
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2 Supplementary case materials for medical education

The medical education cases presented virtual patients with symptoms of fever and back pain and
medical students were asked to take over the role of a general practitioner. One exemplary case was
about a 36 year-old female, Mrs. Hoffinann, who had a febrile and flu-like infection for almost a week
before seeing the doctor. In addition, she experienced fatigue, loss of appetite, sickness and diarrhea.
One month earlier, she returned from a trip to Costa Rica, for which she received the recommended
vaccinations prior to departure. The anamnesis provided the information that no other persons in her
surrounding had the same symptoms; that she does not know about any pre-existing illnesses and does
not consume any prescribed drugs, apart from occasionally using homeopathic globules; and that, she
is allergic to penicillin and nickel; moreover, she is a non-smoker, occasionally consumes alcohol, and
excluded the option of pregnancy. To gather more information, learners could access the patient’s
history and had the option to access different tests and test results, e.g. physical examination,
laboratory, x-ray, ECG, HIV test, and others (see supplementary Figure 1). Overall, the symptoms and
test results point to an acute hepatitis A infection. Typical symptoms of the patient’s current stage of
the infection are fatigue, limb pain, fever, sickness, diarthea and joint pain.

8 Frau Hoffmann Menu Help *)

Please choose, which of the following information you want to access next.

>
[
2
=
>
>

]
=

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.

m Physical Examination HIV-Test ECG Echocardiogram Blood Cultures
Thick Drop Laboratory Submit Diagnosis

Q

Supplementary Figure 1. Screenshot of user interface for the medical education case in the CASUS
learning environment.

3 Supplementary case materials for teacher education

In the teacher education cases, we asked pre-service teachers to imagine themselves in the position of
a teacher who was encountering a student with some initial performance-related or behavioral
problems that might even be clinically relevant, e.g. ADHD or dyslexia. One example is the case of a
secondary student named Anna who is displaying symptoms of an attention-deficit disorder. The
leaners are asked to put themselves into the role of Anna’s class teacher, who teaches German classes
and music lessons. The initial problem statement for the case describes Anna as a 5™ grade student,
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eleven years old, who constantly needs to be pushed to finish her tasks and who has bad grades in
many subjects, especially the main subjects. The learners could examine written observations of
Anna’s in-class and out-of-class behavior, read recordings of conversations with Anna, or with her
parents and several teachers, or look at Anna’s last annual report and an example of a written
exercise (see supplementary Figure 2). Her behavior is described as very calm and distracted. She is
slow in reading and it is difficult for her to answer questions about a text that she just read. She often
fails to fulfill the exact instruction of a task or fails to fully complete a task. Moreover, she often does
not bring all required school supplies or comes late in the mornings. In a parent-teacher meeting,
Anna’s mother backs up the impression of a disorganized and slow learning behavior when talking
about the homework situation. Anna’s last annual report and the conversations with the other
teachers show that her grades are mostly affected by her inattentiveness as well, with the exception of
artistic subjects and gym classes. Anna mostly interacts with her one fiiend and is rather distanced
from the other students. Anna herself points out that it is hard for her to concentrate since she feels
easily distracted. However, at home, where there are fewer ambient noises, she can focus on and
enjoy reading, drawing and painting. Overall, the case information was designed in a way that, the
diagnosis of an attention-deficit disorder is the most likely clinical diagnosis, despite several
differential diagnoses being relevant.

8 Anna Menu Help «)

Please choose, which of the following infarmation you want to access next.

»
s
2
=
2
s
=

Flease 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.

Learning & Werk Behavicr Written Exercises Talk with Anna Collzgial Exchange
Parent-Teacher Meeting Annual Report Submit Diagnosis

Q

Supplementary Figure 2. Screenshot of user interface for the teacher education case in the CASUS
learning environment.

4 Supplementary results of a correlation between semesters studied and number of
diagnostic activities.

We analyzed the relation between the relative percentages of diagnostic activities within the
disciplines and number of semesters completed. There was no significant correlation found between
number of semesters studied and the percentages of the different diagnostic activities. The correlation
coefficients and p-values are presented in the supplementary Table 2.
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Supplementary Table 2. Results of the two Pearson correlation analyses with the variables semester
and percentages of diagnostic activities within the disciplines of medical education (section a) and
teacher education (section b).

Generating Generating Evaluating Drawing
hypotheses evidence evidence conclusions
Section a: Medical Education (N= 142)
Semester Pearson’sr .009 -129 105 -.012
p-value 917 127 215 .885
Section b: Teacher Education ( N=119)
Semester Pearson’sr 014 104 -.034 -.140
p-value 876 262 716 128
5 Supplementary subsample analyses

Since half of the sample of pre-service teachers were in their 1% to 4" semester, which was excluded
in medical education, we defined a comparative subsample of 61 pre-service teachers in their 5 to
13™ semester (M = 7.38;, SD = 2.30), who were on average M = 24.20 years old (SD =3.55), and
were mostly women (52 women; 8 men; 1 nonbinary). The comparative subsample of 61 pre-service
teachers in the 5™ or a higher semester accounted for 488 justificatory reports (average number of
words per report M =94.3; SD = 62.3).

5.1 Diagnostic activities in medical education and teacher education (RQ1)

Comparing medical education with the subsample of 5™ or higher semester students from teacher
education, there was no significant difference in the relative frequencies for evaluating evidence
(medical education M = 60.96%; SD = 10.24%:; teacher education M =65.40%; SD = 18.00%; #77) =
1.81, p=.075, Cohen's d = 0.34). Concerning the other three diagnostic activities, the differences
between the disciplines was significant: In medical education, the share for generating hypotheses
was still about twice as high (M = 16.26%; SD =7.96%) as in teacher education (M = 8.50%; SD =
5.50%), with a significant, large-sized effect ({161) =8.00, p < .001, Cohen's d = 1.06). The share
for generating evidence was still about twice as high in teacher education (A= 15.00%; SD =
15.80%) as in medical education (M= 6.79%; SD =8.26%), with a significant medium-sized effect
(#(74)=3.84, p < .001, Cohen's d =-0.74). In medical education, we still found a significantly higher
share for drawing conclusions (M= 15.99%; SD = 6.39%) than in teacher education (A= 11.10%;
SD =7.15%), with a medium effect size (#201) =4.82, p < .001, Cohen's d=0.74).

5.2 Diagnostic practices in medical education and teacher education (RQ2)

In the supplementary Figure 3A and 3B, we compared students from medical education with the
subsample of 5™ or higher semester students from teacher education. The positioning of the group
mean of learners from medical education (M =-.21, SD =.60, N= 142) was statistically significantly
different from the positioning of the group mean of learners from teacher education in their 5 or a
higher semester (M = .49, SD = .68, N=061; #(100.89) =6.97, p < .01, Cohen's d=1.13).
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Supplementary Figure 3. ENA networks and distributions of learners from medical education (A),
and teacher education (C). The figures also contain group means (squares) across the learners within
the two disciplines. The comparison graph (B) depicts both distributions and the differences between
the other two networks.

The results of this subsample analysis support the previously described findings. Furthermore, in the
supplementary Figure 3C, we additionally distinguished between students from teacher education
who are in their 1% to 4™ semester and students from teacher education who are in their 5% or a higher
semester. As indicated by the positioning of the two group means displayed in the supplementary
Figure 3C, the two subsamples of students from teacher education are overall rather similar.

This re-analysis, which compared students from medical education with a subsample of students
from teacher education in their 5th or a higher semester of study, supported the findings from the
initial analyses of the full sample, apart from the significant difference in evaluating evidence.
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Diagnostic argumentation in
teacher education: Making the
case for justification,
disconfirmation, and
transparency

Elisabeth Bauer®*, Michael Sailer!, Jan Kiesewetter?, Martin R.
Fischer? and Frank Fischer!

'Education and Educational Psychology, Department of Psychology, Ludwig-Maximilians-
Universitat in Munich, Munich, Germany, ?Institute for Medical Education, University Hospital,
Ludwig -Maximilians-Universitat in Munich, Munich, Germarny

Research on diagnosing in teacher education has primarily emphasized
the accuracy of diagnostic judgments and has explained it in terms of
factors such as diagnostic knowledge. However, approaches to scientific
argumentation and information processing suggest differentiating between
diagnostic judgment and diagnostic argumentation: When making accurate
diagnostic judgments, the underlying reasoning can remain intuitive, whereas
diagnostic argumentation requires controlled and explicable reasoning
about a diagnostic problem to explain the reasoning in a comprehensible
and persuasive manner. We suggest three facets of argumentation for
conceptualizing diagnostic argumentation, which are yet to be addressed
in teacher education research: justification of a diagnosis with evidence,
disconfirmation of differential diagnoses, and transparency regarding
the processes of evidence generation. Therefore, we explored whether
preservice teachers’ diagnostic argumentation and diagnostic judgment might
represent different diagnostic skills. We also explored whether justification,
disconfirmation, and transparency should be considered distinct subskills
of preservice teachers’ diagnostic argumentation. We reanalyzed data of
118 preservice teachers who learned about students’ learning difficulties
with simulated cases. For each student case, the preservice teachers had
to indicate a diagnostic judgment and provide a diagnostic argumentation.
We found that preservice teachers’ diagnostic argumentation seldom involved
all three facets, suggesting a need for more specific training. Moreover, the
correlational results suggested that making accurate diagnostic judgments and
formulating diagnostic argumentation may represent different diagnostic skills
and that justification, disconfirmation, and transparency may be considered
distinct subskills of diagnostic argumentation. The introduced concepts of
justification, disconfirmation, and transparency may provide a starting point
for developing standards in diagnostic argumentation in teacher education.

KEYWORDS

teacher education, diagnostic argumentation, scientific argumentation, diagnostic
accuracy, diagnostic judgment, diagnostic knowledge
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Introduction

Diagnostic skills are relevant in many fields, one of which is
teacher education (Heitzmann et al, 2019). Teachers diagnosing is
a prototypical practice scenario for evidence-oriented practice, and
as such, it is crucial for teachers’ professionalism (Fischer, 2021).
Previous research on teachers’ diagnosing has primarily
investigated diagnostic accuracy—i.e., the correctness of diagnostic
judgments—because inaccurate judgments can easily disadvantage
students by, for example, leading to unsuitable or insufficient
educational interventions (e.g., Loibl et al., 2020; Urhahne and
Wijnia, 2020; Kramer et al., 2021a). Besides making accurate
diagnostic judgments, communicating diagnostic considerations
is another vital aspect of diagnostic skills, for example, for purposes
such as reporting diagnostic findings (Bauer et al,, 2020) or
collaborative diagnosing (Kiesewetter et al., 2017). However, thus
far, there is no clear conceptualization of diagnostic argumentation,
which we define as explaining a diagnostic judgment and the
underlying reasoning comprehensibly and persuasively (see
Walton, 1990; Berland and Reiser, 2009). It is also unclear whether
professionals (e.g., teachers) who can make accurate diagnostic
judgments are capable of offering sufficient diagnostic
argumentation. This raises the question of whether accurate
diagnostic judgment and diagnostic argumentation are fully based
on the same knowledge—reflecting one overarching diagnostic
skill—or whether they need to be considered different subskills of
diagnosing. This differentiation might have implications for
teaching diagnostic skills, such as the definition of learning
objectives and the design and implementation of learning
environments (see Grossman et al., 2009).

To our knowledge, no systematic research has differentiated
between the concepts of diagnostic argumentation and diagnostic
judgment. Therefore, we propose a conceptualization of diagnostic
argumentation that consists of three facets: justification of a
diagnosis with evidence, disconfirmation of differential diagnoses,
and transparency regarding the processes of evidence generation.
We explore diagnostic argumentation in terms of these three
facets and investigate whether they indicate one joint underlying
skill or different aspects of diagnostic skills by analyzing their
interrelations with one another and with a potentially joint
knowledge We justification,
disconfirmation, and transparency in diagnostic argumentation
are related to the accuracy of diagnostic judgments in the context
of teacher education.

base. also  explore how

Diagnosing in teacher education

Teacher education is one of the fields in which learning
diagnostic skills is an important matter of professionalization
(Grossman, 2021). In particular, teachers have to diagnose
students’ performance, progress, and learning prerequisites
(e.g., Praetorius et al., 2013; Stidkamp et al., 2018). However,
these aspects also include the initial identification of clinical
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problems, such as learning difficulties (e.g., dyslexia) and
behavioral disorders (e.g., attention deficit hyperactivity
disorder, i.e., ADHD; e.g., Poznanski et al., 2021). In all these
contexts, we broadly define diagnosing as a “goal-oriented
collection and interpretation of case-specific or problem-
specific information to reduce uncertainty in order to make [...]
educational decisions” (Heitzmann et al., 2019, p. 4). Other
associated terms are used for diagnosing in teacher education
as well, such as assessment (e.g., Herppich et al., 2018). As part
of teachers’ professional activities, diagnosing is crucially
related to the discussion around teachers’ evidence-oriented
practice (Stark, 2017) and is possibly a prototypical practice
scenario (Fischer, 2021). Teachers are expected to use
knowledge on theories, methods, procedures, and findings from
educational research (e.g., Kiemer and Kollar, 2021) to reflect
their experiences, possibly overcome dysfunctional intuitive
approaches and—at least partially—guide their diagnostic
activities and interventions. Teacher education programs are
increasingly acknowledging the relevance of facilitating
diagnostic skills, and research in teacher education has also
addressed the issue of how diagnostic skills are learned (e.g.,

Chernikova et al., 2020; Loibl et al., 2020; Sailer et al., 2022).

Teachers’ diagnostic judgments

Previous research on teachers’ diagnosing has focused on how
teachers make diagnostic judgments (e.g., Loibl et al., 2020;
Urhahne and Wijnia, 2020; Kramer et al., 2021a). Loibl et al. (2020)
suggested distinguishing between the processes and products of
teachers’ diagnostic judgments In terms of product indicators,
research on teachers’ diagnostic judgments has focused on
diagnostic of diagnostic
judgments—because inaccurate judgments can lead to unsuitable
or insuflicient educational interventions that easily disadvantage
students (e.g., Urhahne and Wijnia, 2020). There is also an
increasing amount of research investigating teachers’ judgment
processes, for example, in terms of diagnostic activities such as
generating hypotheses, generating and evaluating evidence, and

accuracy—i.e, the correctness

drawing conclusions (e.g., Wildgans-Lang et al,, 2020; Codreanu
etal, 2021; Kramer et al,, 2021a). In addition, research has begun
to focus more on the role of information processing in teachers’
judgment processes (e.g., Loibl et al,, 2020). Teachers™ diagnostic
judgment processes
processing—i.e., fast recognition of patterns of information—
which facilitates flexible and adaptive acting in the classroom;
teachers can also engage in controlled information processing
when spending time and effort on consciously evaluating evidence
and its causal relations (Kahneman, 2003; Evans, 2008). Teachers’

can involve intuitive information

information processing in making diagnostic judgments depends
on situational characteristics (Loibl et al, 2020), such as the
available time for making a judgment (Ricu et al,, 2022), the
consistency and condusiveness of the available evidence, and
teachers’ perceptions of their situational accountability (Pit-ten
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Cate et al,, 2020). In classrooms with multiple students, teachers
often need to make intuitive judgments, prioritize tasks, and decide
where to invest their time and cognitive resources (Feldon, 2007;
Vanlommel et al, 2017). With respect to achieving diagnostic
accuracy, research suggests regarding judgment processes (e.g., in
terms of information processing) as processes that interact with
teachers’ characteristics, especially their diagnostic knowledge
(e.g., Loibl et al., 2020; Kramer et al., 2021a).

The role of diagnostic knowledge

Diagnostic knowledge is generally considered an important basis
of diagnostic skills (Heitzmann et al, 2019). Having a sufficient base
of specific diagnostic knowledge seems to be a necessary condition
forachieving accurate diagnostic judgments (Kolovou et al, 2021). In
addition, advanced diagnosticians’ well-organized knowledge
structures enable them to recognize patterns of critical case
information correctly, without necessarily conducting a controlled
analysis of the underlying causal relations (see Kahneman, 2003;
Evans, 2008; Boshuizen et al, 2020). Research has suggested that
performing complex cognitive tasks requires not only knowledge
about relevant concepts but also knowledge about how to
systematically approach the task (e.g.,, Van Gog et al, 2004). In the
context of teacher education, Shulman (1986) suggested that, besides
domain-specific content, distinguishing between different types of
knowledge—such as conceptual and strategic knowledge—is relevant
to capturing different functionalities of knowledge, such as acting
adaptively in response to various problems and situations. In the
course of developing strategic knowledge, basic aspects of conceptual
knowledge are abstracted and integrated with episodic knowledge
into cognitive scripts about approaching certain problems or
situations (e.g., Shulman, 1986; Schmidmaier et al., 2013; Boshuizen
et al,, 2020). This means that conceptual and strategic knowledge
about the same specific content are likely related but address different
aspects of solving a task. Conceptual and strategic knowledge have
been adapted and empirically investigated in the context of
diagnosing in medical education (e.g., Stark et al., 201 1; Schmidmaier
et al,, 2013): conceptual diagnostic knowledge (CDK) consists of
concepts, such as diagnoses and their relations with each other and
with evidence, whereas strategic diagnostic knowledge (SDK) refers to
how to proceed in diagnosing a specific problem (i.e., how to reject
or confirm differential diagnoses and which informational sources
provide critical evidence for doing so). Researchers addressing
diagnosing in teacher education have also suggested distinguishing
between CDK and SDK (e.g., Fortsch et al., 2018). Therefore, CDK
and SDK seem crucial for correctly processing relevant case
information and making accurate diagnostic judgments.

Diagnostic argumentation

Beyond making accurate diagnostic judgments, there are
instances in which teachers or other diagnosticians need to
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explain their reasoning and the resulting diagnostic judgment in
a comprehensible and persuasive manner, which we suggest to
designate as diagnostic argumentation (see Walton, 1990; Berland
and Reiser, 2009). Diagnostic argumentation is required in
situations in which explanations are directed toward a recipient,
such as a collaborating teacher or school psychologist (e.g.,
Kiesewetter et al., 2017; Csanadi et al., 2020; Radkowitsch et al.,
2021). The context of identifying students’ clinical problems is
one example in which diagnostic argumentation is particularly
relevant for teachers, as in many educational systems, final
judgments about clinical diagnoses are made by clinical
professionals (e.g., school psychologists), with whom teachers
might need to collaborate (Albritton et al.,, 2021). However, also
in other contexts, diagnostic argumentation facilitates a
collaborative process of considering and reconciling competing
explanations and thus, if necessary, can help improve the
diagnosing (see Berland and Reiser, 2009; Csanadi et al., 2020).
There are also nonimmediate dialogical situations (see Walton,
1990), such as writing a report about diagnostic findings (Bauer
etal.,, 2020), in which information may need to be comprehensible
and persuasive to potential recipients at a later point in time.

Especially when engaging in a face-to-face critical exchange
of arguments in collaborative or otherwise dialogical diagnosing,
teachers might involve in argumentation processes and a
controlled analysis of the available evidence and potential
explanations before making a diagnostic judgment. Collaborative
generation and evaluation of evidence and a critical evaluation of
others’ arguments can improve the quality of argumentative
outcomes (Mercier and Sperber, 2017; Csanadi et al., 2020). In
other contexts, teachers might make intuitive judgments without
a controlled analysis of all the available evidence and causal
relations. If the information processing for a diagnostic judgment
mainly involves intuitive pattern recognition, parts of the
reasoning can remain implicit (Evans, 2008). However,
comprehensively explaining a judgment and its underlying
reasoning initially requires that the reasoning be explicable or at
least constructible in retrospect. In terms of nondialogical
situations, such as writing reports, initial evidence suggests that
compared to medical education, there seems to be a lower
standardization in teacher education (Bauer et al., 2020), which
could facilitate constructing persuasive explanations in retrospect.
For these reasons, it might not necessarily be a given that teachers
who make accurate judgments in nondialogical diagnostic
situations are capable of subsequently providing comprehensible
and persuasive explanations of their reasoning. This open question
has yet to be explored by research.

Justification, disconfirmation, and
transparency in diagnostic
argumentation

To explore how diagnostic judgment and diagnostic
argumentation are related, it is first necessary to define what kind
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of information is expected to be provided in the context of
diagnostic argumentation. We argue that besides providing
comprehensible explanations, diagnostic argumentation also aims
to persuade potential recipients of the presented reasoning
(Berland and Reiser, 2009) and, thus, requires providing
information that enables a recipient’s understanding and
evaluation of the efforts made during diagnosing (see Chinn and
Duncan, 2018). Therefore, to further define the concept of
diagnostic argumentation, we suggest three facets that might
facilitate recipients’ understanding of the presented reasoning:
justification, disconfirmation, and transparency. We propose that
these three facets of diagnostic argumentation resemble
approaches in scientific argumentation (see Sampson and Clark,
2008; Mercier and Heintz, 2014), namely justifying ones reasoning
with evidence (e.g., 1958), considering and
disconfirming alternative explanations (e.g., Lawson, 2003), and
emphasizing the credibility of informational sources with
methodological transparency (e.g., Chinn et al,, 2014). In what
follows, we explain the three facets in further detail.

Justification denotes the provision of evidence in support of a
claim (e.g., Toulmin, 1958; Hitchcock, 2005), which allows
recipients to raise potential issues about the reasoning that was
presented. In the context of diagnostic argumentation, diagnostic
judgments are caims that need to be justified by providing
evidence derived from the case information. Therefore,
justifications evaluate relevant case information as evidence from
which to draw conclusions concerning a judgment (see Fischer
etal, 2014).

Disconfirmation emphasizes discussing  differential
diagnoses that may have been hypothesized when diagnosing a

Toulmin,

given case. As a process of uncertainty reduction (Heitzmann
et al,, 2019), diagnosing involves generating and evaluating
different hypotheses (Klahr and Dunbar, 1988; Fischer et al.,
2014) that resemble competing claims in argumentation.
Similar to the scientific approach of disconfirmation (e.g.,
Gorman et al,, 1984), a rebuttal of competing claims supports
the persuasiveness of the final claim (e.g., Toulmin, 1958;
Lawson, 2003). In diagnostic argumentation, differential
diagnoses are competing claims that should be explicated and
discussed to facilitate the persuasiveness of the final judgment
by demonstrating that alternative explanations have been
considered. Recipients can build on this information to evaluate
and criticize whether relevant differential diagnoses have been
missed or mistakenly rejected.

Transparency regarding the processes of evidence generation
provides information about the reliability of the methodology for
generating evidence from informational sources (Chinn et al,,
2014; Fischer et al, 2014). In diagnostic argumentation,
transparency is achieved by describing the processes underlying
evidence generation, thus allowing recipients to evaluate the
presented evidence and diagnostic conclusions. Explicating how
evidence was generated facilitates a recipient’s understanding and
ability to criticize the quality of the evidence and, ultimately, the
validity of the conclusions (Vazire, 2017).
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Analogously to approaches involved in scientific
argumentation (see Sampson and Clark, 2008; Mercier and
Heinlz, 2014), we suggest that justification, disconfirmation, and
transparency in diagnostic argumentation facilitate a recipient’s
understanding and evaluation of the efforts made during
diagnosing. We are unaware of any research in teacher education
that has conceptualized or investigated a skill similar to what
we have defined as diagnostic argumentation, including the facets
of justification, disconfirmation, and transparency. Therefore, in
this study, we aimed to explore the interrelations between
justification, disconfirmation, and transparency in diagnostic
argumentation, as well as their relations with making accurate
diagnostic judgments, and the explanatory roles of CDK and SDK

(see Figure 1).

Research questions

We propose that justification, disconfirmation, and
transparency are three relevant facets of diagnostic argumentation
and that diagnostic argumentation and diagnostic judgment
might represent two distinct diagnostic skills that may, however,
both be partially explained by CDK and SDK. Understanding the
interrelations between these skills and knowledge might provide
relevant information for teacher educators and the field of
teacher education.

In investigating the proposed concept of diagnostic
argumentation, it is also important to explore whether
justification, disconfirmation, and transparency might represent
distinct subskills or indicators of one joint underlying diagnostic
skill (RQ1). To approach this question, we investigated how the
individual facets (1a) and different combinations of the facets (1b)
occur within preservice teachers’ diagnostic argumentation and
analyzed the facets’ relations (1c) in preservice teachers’ diagnostic
argumentation. We assumed that finding close relationships
would indicate a joint basis of knowledge and skills; by contrast,
small relationships or a lack thereof would indicate that the three
facets represent different subskills of diagnostic argumentation.

In terms of distinguishing between the three facets as different
subskills, a related question is to what extent justification,
disconfirmation, and transparency are based on conceptual
diagnostic knowledge and strategic diagnostic knowledge (RQ2).
Because CDK and SDK are thought to be a major basis for the
reasoning presented in diagnostic argumentation (Heitzmann
et al, 2019), we assumed that they also partially explain
justification, disconfirmation, and transparency; that is, CDK and
SDK may be needed to generate evidence from informational
sources (explicated in transparency) and to make a warranted
connection between the evidence and a diagnosis (explicated in
justification) or several differential diagnoses (explicated in
disconfirmation). Exploring the degree to which CDK and SDK
explain justification, disconfirmation, and transparency in
diagnostic argumentation can provide an initial basis for future
research on teachers’ prerequisites for diagnostic argumentation.
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FIGURE 1
Theoretical model of the potential relationships between diagnostic knowledge and the skills of diagnostic judgment and diagnostic
argumentation.

Given that diagnostic argumentation additionally aims to
be persuasive instead of solely verbalizing the reasoning made
while processing information, further knowledge and skills
beyond CDK and SDK may contribute to justification,
disconfirmation, and transparency in diagnostic argumentation.

For the same reason, we assumed that, despite a presumably
joint basis of CDK and SDK, diagnostic accuracy might not
necessarily be related to justification, disconfirmation, and
transparency. Therefore, we explored whether diagnostic
judgment (indicated by diagnostic accuracy) and diagnostic
argumentation (indicated by justification, disconfirmation, and
transparency) might represent different diagnostic skills (RQ3). In
doing so, we assumed that identifying close relationships would
indicate a joint underlying diagnostic skill; by contrast, small
relationships or a lack thereof would indicate that diagnostic
argumentation and diagnostic judgment might represent different
diagnostic skills.

Materials and methods
Participants

In this study, we reanalyzed data that were originally collected to
train an Al-based adaptive feedback component for a simulation-
based learning environment (see Pleiffer et al, 2019). A total of 118
preservice teachers participated in the data collection and processed
simulated cases pertaining to students’ clinical problems. Participants
were M = 22.96years old (SD = 4.10), the majority were women (102
women, 15 men, and 1 nonbinary), and they were in their first to
13th semester (M =4.62, SD = 3.40) of a teacher education program.
We recruited preservice teachers in all semesters because relevant
courses about students’ clinical problems were not compulsory or
bound to a specific semester but could be taken in any semester.
Participants subjectively rated their prior knowledge of students’
clinical problems prior to receiving any instruction about the content
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of the study. On average, they indicated a medium rating of their
own prior knowledge (on a rating scale ranging from 1 to 5 points:
prior knowledge about ADHD, M = 2.78, SD = 0.81; prior knowledge
about dyslexia, M = 2.47, SD = 0.76). We assumed that this sample
mirrors the diverse population of preservice teachers.

Research design

We chose a quantitative and correlational research design to
determine the relationships between the following variables:
justification, disconfirmation, and transparency in diagnostic
argumentation; CDK and SDK; and the accuracy of
diagnostic judgment.

Simulation and tasks

We asked participants to take on the role of a teacher and
process eight cases of primary and secondary students with
performance-related or behavioral problems that might or might
not indicate a clinical diagnosis in the range of ADHD or
dyslexia. Two independent domain experts, one school
psychologist and one psychotherapist for children and
adolescents, validated the case materials before they were
implemented in CASUS, a case-based online learning
environment.' Participants solved the cases consecutively. The
cases included several informational sources, such as samples of
the students’ written exercises and school certificates, reports of
observations from inside and outside the classroom, and
conversations with the respective students, their parents, and
other teachers (the German-language case materials can
be accessed at hitps://osLio/hn7wm/). Participants could freely
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choose how many and which informational sources to consult
and in which order they wanted to do so (see Figure 2).

One example is the case of a secondary school student
named Anna, who is showing symptoms of attention-deficit
disorder (ADD). An initial problem statement describes Anna
as a fifth-grade student, 11 years old, who constantly needs to
be pushed to finish her tasks and who has poor grades in many
subjects, especially the core subjects, such as math and the
language subjects. The learners could examine written
observations of Anna’s in-class and out-of-class behavior, read
recordings of conversations with Anna or with her parents and
several teachers, or look at Anna’s last annual report and an
example of a written exercise. Her behavior is described as very
calm and distracted. She reads very slowly, and it is difficult for
her to answer questions about a text that she has just read. She
often fails to follow the exact instructions for tasks or fails to
complete them fully. Moreover, she often does not bring all the
required school supplies or arrives late in the morning. At a
parent-teacher conference, Annas mother backs up the
impression of disorganized and slow learning behavior when
talking about Annas homework. Anna’s last annual report and
the conversations with the other teachers show that her grades
are also affected by her inattentiveness, except artistic subjects
and gym class. She mostly interacts with one friend and tends to
remain distant from the other students. Anna herself points out
that it is hard for her to concentrate because she feels easily
distracted. However, at home, where there are fewer ambient
noises, she can focus on and enjoy reading, drawing, and
painting. Overall, the case information is designed in such a way
that the diagnosis of ADD is the most likely diagnosis, despite
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the fact that several differential diagnoses may be relevant. The
other cases included the same kinds of informational sources as
Anna’s case.

To complete a case and move on to the next case, participants
had to complete two tasks. First, they had to make a diagnostic
judgment, answering the question of whether the simulated
student has issues that warrant further diagnosing of a clinical
problem and, if so, which diagnosis may apply. Second, we asked
participants to write an argumentation text about their conclusions
and their reasoning about the case. For the purpose of this study,
participants received no further guidance or support regarding
how to write their diagnostic argumentation.

Procedure

The data were collected on computers in a laboratory
setting, with three to 20 participants simultaneously joining the
study. They worked individually at separate desks and were not
permitted to speak to each other. We introduced the participants
to the aims and procedure of the study and familiarized them
with the learning environment. After giving informed consent
to participate in the study, participants received randomly
assigned codes to log on to the CASUS learning environment to
anonymize the data. When entering the online learning
environment, participants first received a 25min theoretical
input concerning the topic of diagnosing in general and the
diagnosing of ADHD and dyslexia in particular to activate
existing knowledge and ensure the minimum amount of
knowledge required for solving the cases. Participants were not
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allowed to take any notes or go back to the input part at a later
point to avoid biases in subsequent testing and learning.
Following the theoretical input, participants spent around
25min on a pretest that their CDK and
SDK. Subsequently, participants entered the learning phase
consisting of the eight simulated cases, with a break of 10 min
after four cases. They had to finish one case at a time to gain
access to the next case. All participants received the cases in the
same sequence. The time on task for all cases was around 1h.
Subsequently, participants spent around 25 min on a posttest.
Generally, participants were allowed to work at their own pace.
Overall, participants spent around 3h from login to logout.
During the study, researchers were available to help with
technical issues or questions about navigation but did not
answer any content-related questions. Participants received
monetary compensation of 35 euros.

assessed

Data sources and measurements

The data sources used for the presented analyses are the CDK
and SDK scores from the pretest as well as the written diagnostic
judgments and diagnostic argumentation texts from six of the
eight cases. We decided to exclude two cases from the analysis
because their case information turned out to be more ambiguous
and inconclusive compared to the other cases.

Diagnostic knowledge

Conceptual diagnostic knowledge

CDK was assessed in the pretest after participants received the
theoretical input. We used 14 single-choice items about diagnosing
ADHD and dyslexia with four answer options each (one correct
answer and three distractors). The CDK questionnaire was
developed prior to the study to assess participants’ CDK, which
was considered relevant for processing the simulated cases. Two
independent domain experts, one school psychologist and one
psychotherapist for children and adolescents, validated the CDK
questionnaire. One example item is “Which of the following is not
one of the cardinal symptoms of ADHD?” with the answer options
(a) Inattentiveness, (b) Hyperactivity, (c) Impulsivity, and (d)
Impatience. Participants received one point per correct answer.
The points were aggregated into a total score, ranging from 0 to 14
points, for CDK.

As suggested by Stadler et al. (2021; see also Diamantopoulos
and Siguaw, 2006; Taber, 2018), we calculated variance inflation
factors (VIFs) for all items to avoid having redundant items
representing the formative knowledge construct. The maximum
VIF was VIF,,, = 1.30, which is well below the recommended
cut-off of 3.3.

Strategic diagnostic knowledge

Subsequent to assessing CDK, we measured SDK using four
key-feature cases (two key-feature cases about ADHD and two
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about dyslexia) with two multiple-choice questions each (see
Page et al,, 1995). Key-feature cases present a brief description
consisting of a few sentences before asking about the strategic
approaches used to diagnose the case. The key-feature cases
were developed prior to the study to assess participants’ SDK,
which was considered relevant for processing the simulated
independent domain experts, one school
psychologist and one psychotherapist for children and
adolescents, validated the key-feature cases. One example
key-feature case introduced the fourth grader Luis, who has
always been a rather poor reader but has begun to fall farther
behind his classmates over the last few months and just recently
again received the lowest grade in the class on a reading test.
He cannot summarize the contents of a short text even

cases. Two

immediately after reading it and can only read aloud very
slowly. Apart from his performance issues, he has a chronic
disease due to which he cannot regularly attend school for
stretches of several weeks. After reading this brief case
description, two multiple-choice questions were asked.

The first of the two multiple-choice questions per key-feature
case asked participants to choose all relevant differential diagnoses
out of a list of clinical as well as non-clinical differential diagnoses
(one to three correct options out of seven to nine answer options).
Participants received points for correctly choosing relevant
options and not choosing irrelevant options. We calculated one
mean score across all options per key-feature case, resulting in a
diagnosis score of 0 to 1 for the first question for each
key-feature case.

The second of the two multiple-choice questions per
key-feature case asked participants to choose from a list of further
approaches and resources relevant to confirm or disconfirm a
given set of differential diagnoses (three to six correct options out
of seven to 10 answer options). Participants received points for
correctly choosing relevant options and not choosing irrelevant
options. We calculated one mean score across all options per
key-feature case, resulting in a resource score of 0 to 1 for the
second question for each key-feature case.

The four diagnosis scores and four resources scores were
accumulated into a total score of 0 to 8 points for SDK on the
pretest. There were no redundant items (VIF,,,, = 1.09).

Accuracy of diagnostic judgment

To measure diagnostic accuracy, we coded all the written
diagnoses as accurate (1 point), partially accurate (0.5 points),
or inaccurate (0 points). We coded written diagnoses as
accurate if indicating a diagnosis that was considered the
correct solution when designing the cases (e.g., ADD for the
case Anna). The written diagnoses were coded as partially
accurate if correctly indicating the higher-level class of
diagnoses for the accurate diagnosis (e.g., if the correct
diagnosis was ADD and the participants indicated ADHD). A
total of 12.5% of the diagnoses were double-coded, resulting
in an interrater reliability (IRR) of Cohen’s k = 0.80 (Cohen,
1960). The internal consistency across the six cases was
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McDonald’s o = 0.37 (McDonald, 1999). For further analyses,
we calculated a total score from the points achieved for
diagnostic accuracy with a possible range of 0 to 6 points.

Justification, disconfirmation, and
transparency in diagnostic argumentation

We operationalized justification, disconfirmation, and
transparency based on a coding of the six cases’ diagnostic
argumentation texts.

Justification

We operationalized the presence or absence of justification in
diagnostic argumentation as evaluating evidence co-occurring
with drawing conclusions within the temporal context of two
sentences, resulting in 1 or 0 points per diagnostic argumentation.
In this study, we reanalyzed data that were originally used to train
an Al-based adaptive feedback algorithm for a simulation-based
learning environment (see Pleiffer et al., 2019). Four expert
raters coded the diagnostic argumentation texts segmented by
sentences regarding the categories evaluating evidence and drawing
conclusions. ‘They initially read the complete diagnostic
argumentation before coding evaluating evidence and drawing
conclusions for the individual sentences. Evaluating evidence was
defined as explicitly presenting or interpreting case information
(e.g., “Markus behaves aggressively and gets offended very easily”™).
Drawing conclusions was defined as explicitly accepting or
rejecting at least one diagnosis (e.g., “I think most likely the
diagnosis is ADHD”). The raters simultaneously coded 15% of the
data before dividing the rest of the data because of substantial
agreement (IRRs: Fleiss’ k = 0.71 for drawing conclusions; Fleiss’
K = 0.75 for evaluating evidence; Fleiss, 1971; Landis and Koch,
1977). The internal consistency across six cases was sufficient
(McDonald’s o = 0.60; McDonald, 1999). We calculated a total
justification score for each participant, with a possible range of 0
to 6 points.

Disconfirmation

We operationalized disconfirmation as present if two or
more differential diagnoses were addressed, resulting in 1 or 0
points per diagnostic argumentation. This round of coding was
done separately from the coding of justification and
transparency for the purpose of our reanalysis. Two expert
raters coded the diagnostic argumentation texts of six cases
regarding a set of differential diagnoses. The coding scheme
consisted of 27 differential diagnoses, which included
non-clinical (e.g., insufficient schooling, emotional stress, and
problematic home environment) and clinical differential
diagnoses (e.g., ADHD, ADD, dyslexia, and autism). The raters
considered the facet of disconfirmation as being included in the
diagnostic argumentation if two or more of these differential
diagnoses were discussed in one diagnostic argumentation,
independent of which diagnosis the participant indicated as the
final diagnosis. The raters simultaneously coded 15% of the data
before dividing the rest of the data (overall IRR: Cohen’s
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K =0.92; Cohen, 1960). The internal consistency was sufficient
(McDonald’s @ = 0.60; McDonald, 1999). We calculated a total
disconfirmation score for each participant, with a possible range
of 0 to 6 points.

Transparency

We operationalized transparency in diagnostic argumentation
as at least one explication of generating evidence, resulting in 1 or
0 points per diagnostic argumentation. The coding for
transparency was done in in the same round as the coding for
justification. coded the diagnostic
argumentation texts regarding generating evidence, which was
defined as an explicit description of accessing informational
sources (i.e., tests or observations; e.g., “I observed Anna’s school-
related behavior and achievement”). The raters simultaneously
coded 15% of the data before dividing the rest of the data because
of substantial agreement (IRR: Fleiss’ k = 0.70; Landis and Koch,
1977). The internal consistency was sufficient (McDonald’s
@ = 0.71; McDonald, 1999). We calculated a total transparency
score for each participant, with a possible range of 0 to 6 points.

Four expert raters

Statistical analyses

For RQ1, we explored the descriptive statistics of justification,
disconfirmation, and transparency in preservice teachers’
diagnostic argumentation texts in terms of both individual facets
(la) and facet combinations (1b). We considered facet
combinations as types of argumentation texts and depicted them
in relation to the individual facets using Epistemic Network
Analysis (ENA; Shaffer, 2017). The ENA algorithm analyzes and
accumulates co-occurrences of elements in coded data, such as the
three facets of argumentation within individual argumentation
texts, to create a multidimensional network model, which is
depicted as a dynamic network graph. To determine the types of
argumentation texts, we grouped the argumentation texts
according to the presence or absence of each argumentation facet
in each argumentation text. The ENA algorithm then accumulated
co-occurrences of the three facets across the argumentation texts
to create a network model. We depicted this model as a
two-dimensional network graph that showed the relative location
of the argumentation types within the resulting two-dimensional
space. We used the ENA online tool to create the network graphs.”
In addition to the descriptive analyses, we calculated Pearson
with  participants’ justification,
disconfirmation, and transparency scores (1c). To investigate RQ2,
we calculated a multivariate multiple linear regression with the
predictors CDK and SDK and the dependent variables
justification, disconfirmation, and transparency. For RQ3, we first
created two separate ENA networks by grouping the diagnostic
argumentation texts that addressed either accurate or inaccurate

correlations overall
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TABLE 1 Prevalence of the individual facets justification, disconfirmation, and transparency in the 709 diagnostic argumentation texts.

Number of argumentation texts including the facet

Number of argumentation texts missing the facet

Justification 468 (66%)
Disconfirmation 183 (26%)
Transparency 327 (46%)

241 (34%)
526 (74%)
382 (54%)

TABLE 2 Prevalence of the argumentation types, indicated by combinations of the facets Justification (J), Disconfirmation (D), and Transparency

(T), in the 709 argumentation texts.

Argumentation types, indicated by Number of facets

combinations of the three facets included
DT 3
DO 2
JoT 2
oDT 2
Joo 1
oDo 1
00T 1
000 o

Number of argumentation texts

Percent of argumentation texts

83 11.7%
90 12.7%
129 18.2%
7 1.0%
166 23.4%
3 0.4%
108 152%
123 17.3%

diagnostic judgments; we tested the difference between the group
means’ locations in the network space using a t-test. To facilitate
the statistical testing of the groups’ network differences, we used
the option of means rotation, which aligns the two group means
on the X-axis of the network, thus, depicting systematic variance
in only one dimension in the two-dimensional space (Shaffer,
2017). Moreover, we again calculated Pearson correlations,
including the participants’ overall scores for diagnostic accuracy,
justification, disconfirmation, and transparency. We also explored
partial correlations, controlling for CDK and SDK. For RQ1Ic and
RQ3, including multiple comparisons (three Pearson correlations
each), the significance level was Bonferroni-adjusted to a = 0.0167
(o = 0.05/3). For the other analyses, the significance level was set
to o= 0.05.

Results

RQ1: Justification, disconfirmation, and
transparency

To investigate whether justification, disconfirmation, and
transparency represent distinct subskills or one joint underlying
diagnostic skill (RQ1), we analyzed the prevalence of the
individual facets (1a) and the combinations of the facets (1b) in
preservice teachers’ individual argumentation texts. Moreover,
analyzed the justification,
disconfirmation, and transparency in preservice teachers’

we relationships  between
diagnostic argumentation (1c). We considered findings of dose
relations to indicate a joint basis of knowledge and skills, and
small or no relations to indicate that the three facets represent

different aspects of diagnostic skills.
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RQ1la: Prevalence of the facets in preservice
teachers’ argumentation texts

Analyzing the descriptive statistics of the prevalence of
justification, disconfirmation, and transparency in preservice
teachers’ individual argumentation texts, we found that
justification was the most common of the three facets in all
diagnostic argumentation texts (see Table 1): Participants
explicitly stated conclusions and justified them by evaluating
evidence alongside the conclusion in 66% (M = 0.66; SD = 0.47)
of all argumentation texts. Disconfirmation was found in 26%
(M = 0.26; SD = 0.44) of all diagnostic argumentation texts,
indicating that the majority of diagnostic argumentation texts did
not involve differential diagnoses but tended to focus on one final
diagnosis. Moreover, we found transparency concerning the
processes of evidence generation in 46% (M = 0.46; SD = 0.50) of
all argumentation texts, indicating that approximately half of the
diagnostic argumentation texts explained the processes of
evidence generation.

RQ1b: Combinations of the facets in preservice
teachers’ argumentation texts

Descriptive statistics of the combinations of justification,
disconfirmation, and transparency are outlined in Table 2. The
combinations of the three facets can be considered different
types of diagnostic texts, which
we distinguished using the following abbreviations: J indicates

argumentation

the presence of justification, D indicates the presence of
disconfirmation, T indicates the presence of transparency, and
O indicates the absence of a facet (e.g., JOT indicates
justification and transparency without disconfirmation; see
Table 2 for all argumentation types and their prevalence). A
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Justification
HooT
JOO
0ODO
WOOT
000
FIGURE 3
Argumentation types (indicated by colored squares) plotted in a two-dimensional space to indicate the relationship between the argumentation
types and the individual facets (indicated by gray nodes) and the co-occurrences of the facets (indicated by blue lines). argumentation types are
characterized by: J, Justification; D, Disconfirmation; T, Transparency; O, Absence of a Facet. For example: JOT, Justification and transparency
without disconfirmation.

notable pattern was that argumentation texts addressing more
than one diagnosis usually discussed the different diagnoses
by evaluating evidence to make and justify conclusions (JDT
and JDO), whereas hardly any argumentation texts addressed
differential diagnoses without making and justifying related
(ODT and ODO). diagnostic
argumentation texts frequently presented a confirmatory
justification of a single diagnosis without discussing
alternative explanations (JOT and JOO). Consequently,

conclusions However,

including disconfirmation in diagnostic argumentation was
dependent on including justification, but justification in
diagnostic argumentation was not dependent on including the
facet of disconfirmation, suggesting a relationship of
unidirectional dependency.

To illustrate the types of argumentation texts and their
relationships with the individual facets, we used ENA to plot both
the argumentation types (indicated by colored squares) and the
individual facets (indicated by gray nodes) in a two-dimensional
space (see Figure 3). The two-dimensional space was built based
on the co-occurrences of two argumentation facets each, which
are indicated by the blue lines. The thickness of the blue lines
represents the relative frequency of the co-occurrences (e.g., the
thick line between justification and transparency relates to the 212
co-occurrences of justification and transparency in /DT and JOT).
The positioning of argumentation types (indicated by the colored
squares) along the X-axis is relative to the facets’ co-occurrences,
which is why JOT is located toward the right-sided node of
transparency and /DO is located toward the left-sided node of
disconfirmation. The central positioning of justification is due to
its high overall prevalence (see Table 1). The positioning of
argumentation types along the Y-axis indicates the argumentation
texts’ comprehensiveness regarding the three facets, with the
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extremes of /DT (all facets are present) and OOO (all facets
are missing).

Overall, the findings indicate that preservice teachers tend to
primarily provide justification in their diagnostic argumentation
as an antecedent to including disconfirmation, transparency, or
both. Moreover, the results suggest that there may be a
relationship of unidirectional dependency of disconfirmation
on justification.

RQ1c: Relations of justification,
disconfirmation, and transparency

Beyond exploring the three facets in the individual
argumentation texts, we also analyzed the descriptive statistics
and correlations teachers’ justification,
disconfirmation, and transparency across the cases. The
descriptive results of the facets’ total scores (see Table 3) were
consistent with the pattern found in the individual
argumentation texts (see Table 1). Participants mostly focused
on justification (M = 3.83, SD = 1.58), rarely used
disconfirmation (M = 1.53, SD = 1.41), and put a medium
emphasis on transparency (M = 2.67, SD = 1.81). The
correlational analysis (see Table 3) indicated that justification
and disconfirmation were significantly correlated, with a large
effect (r = 0.568, p<0.001). By contrast, transparency was not
significantly correlated with justification (r = 0.055, p = 0.554)
or disconfirmation (r = 0.025, p = 0.787). Considering the
unidirectional dependency of disconfirmation on justification
(see the results of RQ1b), we interpreted the overall result
pattern as suggesting that justification, disconfirmation, and
transparency are distinct facets of diagnostic argumentation
rather than indicators of a uniform skill.

of preservice
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