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Abstract
Teachers routinely observe and interpret student behavior to make judgements about 
whether and how to support their students’ learning. Simulated cases can help pre-service 
teachers to gain this skill of diagnostic reasoning. With 118 pre-service teachers, we tested 
whether participants rate simulated cases presented in a serial-cue case format as more 
authentic and become more involved with the materials compared to cases presented in a 
whole case format. We further investigated whether participants with varying prior concep-
tual knowledge (what are symptoms of ADHD and dyslexia) gain more strategic knowl-
edge (how to detect ADHD and dyslexia) with a serial-cue versus whole case format. We 
found that the case format did not impact authenticity ratings but that learners reported 
higher involvement in the serial-cue case format condition. Bayes factors provide moderate 
evidence for the absence of a case format effect on strategic knowledge and strong evidence 
for the absence of an interaction of case format and prior knowledge. We recommend using 
serial-cue case formats in simulations as they are a more authentic representation of the 
diagnostic reasoning process and cognitively involve learners. We call for replications to 
gather more evidence for the impact of case format on knowledge acquisition. We suggest a 
further inquiry into the relationship of case format, involvement, and authenticity but think 
that a productive way forward for designing authentic simulations is attention to aspects 
that make serial-cue cases effective for diverse learners. For example, adaptive feedback or 
targeted practice of specific parts of diagnostic reasoning such as weighing evidence.

Keywords Authenticity · Involvement · Case format · Simulation-based learning · 
Diagnostic reasoning

Teachers constantly observe students’ behavior, evaluate students’ work, and track stu-
dents’ learning progress. This diagnosis of common patterns of student thinking and devel-
opment is a core practice of teaching (e.g., Grossman, 2021). To master this practice and 
best support all their students, teachers need to know how to notice and interpret signs 
of understanding, learning, frustration, success, or struggle (e.g., Robertson et  al., 2016; 

Sarah Bichler and Michael Sailer share first authorship of this manuscript

Extended author information available on the last page of the article

http://orcid.org/0000-0002-8229-4414
http://orcid.org/0000-0001-6831-5429
http://orcid.org/0000-0003-4078-0999
http://orcid.org/0000-0001-8165-402X
http://orcid.org/0000-0002-5299-5025
http://orcid.org/0000-0003-0253-659X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10212-024-00874-x&domain=pdf


3228 S. Bichler et al.

1 3

Sherin & Van Es, 2009). They further need to collect, aggregate, and evaluate information 
about their students to make evidence-based decisions regarding which action to take to 
best guide their students (Heitzmann et al., 2019; Shavelson & Stern, 1981).

A promising approach for teachers to gain and train these necessary diagnostic reasoning 
skills is simulation-based learning (Chernikova et al., 2020b). In such learning environments, 
teachers engage in diagnostic activities while working on cases that simulate segments of 
reality (Heitzmann et al., 2019). Working on authentic cases not only provides opportunities 
to acquire and practice diagnostic reasoning (Hege et al., 2018) but also prepares students for 
situations they are likely to encounter in their professional future (Berman et al., 2016).

In this study, we used a simulation-based learning environment featuring cases to sup-
port teachers in gaining the strategic knowledge that is needed for diagnostic reasoning 
with respect to two common learning difficulties: attention deficit hyperactivity disorder 
(ADHD) and dyslexia. We compared a whole case format that presents all information 
about a student at once to a serial-cue case format that presents information about a student 
step by step. We investigated if participants perceive the serial-cue case format as more 
authentic and whether they felt more involved with serial-cue format cases. Further, we 
tested whether one format is more efficacious in promoting strategic knowledge and if this 
effect depends on prior conceptual knowledge.

Theory and prior evidence

Teachers’ diagnostic reasoning

To judge whether their instruction is effective and to evaluate what their students need, 
teachers constantly observe and interpret student behavior and student work (Shavelson 
& Stern, 1981). Such diagnostic reasoning (Heitzmann et al., 2019) is a key competence 
to enact core components of teacher professionalism (Grossman, 2021). For example, 
elevating student thinking to the focal point of the instruction through responsive teaching 
practices (Robertson et al., 2016) or identifying behaviors that potentially prevent or delay 
children’s academic achievement (Artelt & Gräsel, 2009; Hoth et al., 2016).

Diagnostic reasoning is a potentially cyclic process of noticing initial indicators, evaluat-
ing, hypothesizing, and collecting further evidence until enough information is available to 
make a decision (Heitzmann et al., 2019; Custers et al., 2000; Gruber, 2013). It involves con-
ceptual knowledge—knowledge that helps teachers notice indicators of struggle, progress, 
or success. It also involves strategic knowledge—knowledge that helps teachers decide what 
action to take to gather more evidence (Förtsch et al., 2018; Gruber, 2013). Given this con-
ceptualization, diagnostic reasoning is similar to professional vision. Professional “vision is 
not a purely mental process but instead is accomplished through the competent deployment 
of a complex of situated practices in a relevant setting” (Goodwin, 1994, p. 626). Teacher 
professional vision is separated into selective attention (where to prioritize attention in a 
busy classroom) and knowledge-based reasoning (what kind of teacher knowledge is used 
to reason about the noticed events) (Sherin & Van Es, 2009)—situation-specific skills that 
are much alike the skills we described as essential for diagnostic reasoning. The distinctive 
feature of diagnostic reasoning is that it is more of a problem-solving approach, involving 
a sequential process of engaging in epistemic activities to gather evidence (Fischer et  al., 
2014; Kramer et  al., 2021) with a clear orientation towards actively seeking information 
(Förtsch et al., 2018). Thus, while the teacher is seen as an observer and decision-maker in 



3229Promoting diagnostic reasoning in teacher education…

1 3

both professional vision and diagnostic reasoning conceptualizations, diagnostic reasoning 
highlights the teacher’s role as an active investigator in professional situations (Kramer et al., 
2021).

While teachers’ professional practice will be characterized by on-the-fly-decision-mak-
ing in busy classroom situations with many simultaneous goals and competing demands 
(Helleve et  al., 2023; Tripp, 2011), teachers will also have to figure out why a student 
struggles with reading and writing but performs above average in math class. These situ-
ations are where investigation-related situation-specific skills are needed, skills that span 
from within the classroom (observing student behavior) to outside the classroom (inves-
tigation of prior records, homework, etc.). Yet, pre-service teachers get only few opportu-
nities to practice diagnostic reasoning (Chernikova et al., 2020a; Heitzmann et al., 2019) 
and would benefit from opportunities that prepare them to apply diagnostic reasoning dur-
ing problem-solving in professional practice (Heitzmann et al., 2019; Helleve et al., 2023). 
Further, having strategic knowledge and knowing how to actively gather information may 
also serve teachers in these complex situations where immediate decisions must be made.

The potential of simulation‑based learning for teacher education

Great potential with respect to supporting pre-service teachers in learning to reason diag-
nostically is attributed to simulation-based learning (Chernikova et al., 2020a; Jossberger 
et al., 2022; Lehtinen, 2023; Sommerhoff et al., 2023). Simulations are environments that 
resemble reality or model real systems (de Jong, 2011). In simulations, students engage 
with authentic problems of practice—situations that are typical or to be expected in their 
future professional reality (e.g., Fischer et  al., 2022). Simulations often use cases, for 
example, of a student or a patient (Bateman et al., 2013; Kiesewetter et al., 2020), who is 
introduced to the learner with text vignettes, videos, or else (Sykes & Bird, 1992).

Case-based learning (Kolodner, 1992) is a prominent approach in teacher education as 
it not only exemplifies real situations but also helps pre-service teachers to connect theory 
with practice and reflect on the interpretive variability of situations (Darling-Hammond 
& Hammerness, 2002; Helleve et al., 2023; Merseth & Lacey, 1993). Cases in the present 
study are referred to as simulated cases because the case design has some intentionalities 
that go beyond a “realistic narrative from classrooms and schools” (Helleve et al., 2023, p. 
62). Simulated cases are designed to not only describe a real situation but also to create the 
impression of a genuine person within the described context. This approach is intended to 
evoke a more immersive and authentic experience for the participants. Further, simulated 
cases include various sources of evidence. This intentional inclusion of supplementary 
information aims to prompt analytical engagement with the case, encouraging participants 
to assess how the additional details influence their perceptions and whether they can affirm 
or challenge their beliefs about the case. With this design, simulated cases lend themselves 
particularly well for practicing diagnostic reasoning. As students study case descriptions, 
choose to gather more evidence, manipulate information, and add their own thoughts (Ber-
man et al., 2016; Chi et al., 2018) to then use all the available information to make decisions 
with respect to the case (Heitzmann et al., 2019; Okuda et al., 2009), they “build rich men-
tal representations” (Mamede et al., 2014, p. 121) of the problem. Students apply concep-
tual knowledge to case specifics to become more and more adept at interpreting, evaluating, 
and synthesizing evidence and making information-based decisions as to what next steps 
best to take (Thistlethwaite et al., 2012). Thus, as case-based learning foundationally “aims 
to cultivate analytic skills in the application of ideas and to convey theo retical knowledge  
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in a form useful to the interpretation of situations, the making of decisions, the choice of 
actions, and the formation of plans and designs” (Sykes & Bird, 1992, p. 469), it promotes 
strategic knowledge (Sykes & Bird, 1992; Thistlethwaite et al., 2012).

Simulated cases may be preferable to real-life practice as the complexity and unpredict-
ability of real situations potentially overwhelm learners, especially in beginning stages of 
knowledge acquisition or training (Stegmann et al., 2012; Grossman et al., 2009). Another 
advantage of simulations is that learners can be guided to (repeatedly) practice specific 
parts of a task (van Merriënboer & Kirschner, 2017). A further benefit of simulations is 
that the costs of making mistakes are rather low in comparison to real life where accurate 
assessment of students’ behavior, knowledge, and skills is crucial to provide them with 
appropriate and aptly suited support which impacts students’ future learning, achievement, 
and school success.

Thus, simulations activate learners cognitively through engagement with authentic 
problems and create a version of reality that is manageable, and a save space, allowing for 
targeted learning and practice of core professional skills without risking unintended nega-
tive consequences for actual students.

Perceived authenticity and cognitive involvement

In this study, we designed cases with multiple intentions of authenticity: (a) “to emulate 
the work of professionals of a certain discipline,” (b) “to reflect experiences from real/daily 
life,” and (c) “to create personally meaningful learning activities” (Nachtigall et al., 2022, 
p. 1483). These design intentions for authenticity speak to a key element of simulations 
but also any other learning design that utilizes methods to enhance the transfer of learn-
ing, i.e., the application of acquired knowledge and skills in a new (real-world) setting. 
For example, constructivist and situated approaches to learning argue that this goal is only 
achieved by approximating or even equating the situation or context in which knowledge 
and skills are learned and applied (Brown et al., 1989; Collins et al., 1988). Authenticity 
hereby increases the practical or real-life relevance of the task or content which in turn pos-
itively influences learners’ engagement, interest, and motivation. Meta-analytic evidence 
suggests that “simulations with an overall high authenticity do have greater effects than 
simulations with a lower authenticity” but that “even simulations with low authenticity still 
have large effect sizes, exceeding those of many other forms of instruction” (Chernikova 
et al., 2023, p. 523). Aligning with other evidence for “moderate to large effects of authen-
tically designed learning settings on both cognitive and motivational learning outcomes 
(Nachtigall et al., 2022, p. 1506).

Yet, it is often a challenge to balance authenticity of simulations and the potentially 
associated cognitive demand (e.g., Blomberg et al., 2013). While high-fidelity simulations 
include tactile, auditory, and visual stimuli, not every simulation can include all these fac-
tors that make simulations feel real (Decker et al., 2008). Carefully aligning design with 
pedagogical or learning theory can make low-fidelity simulations that only use visual 
stimuli feel authentic (Grossman et  al., 2014; Hamstra et  al., 2014). This is because of 
the functional correspondence between simulations and reality—aligning the simulations’ 
(functional) properties with the learning goals of the task (Hamstra et al., 2014)—might be 
more important than physical resemblance (Chernikova et al., 2023).

Even though a system, environment, or materials were intentionally designed to 
make them authentic (structurally and/or functionally), learners might not necessarily 
perceive them as such (e.g., Barab et  al., 2000). The mechanism we see at work during 
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simulation-based learning aligns with Betz et al. (2016), who describe learners’ perception 
of authenticity as key element of learning in environments that are designed to be authentic 
and aim to foster different motivational, affective, cognitive, or behavioral learning out-
comes. For instance, Nachtigall et al. (2018) compared two instructional environments, one 
intentionally designed to be more authentic, and observed no evidence for a difference in 
learners’ perceptions of authenticity between the two environments. However, perceived 
authenticity was positively correlated with situational interest in both instructional condi-
tions. Thus, designing for authenticity may not result in its perception yet the suggested 
benefits of authenticity may only arise when learners subjectively perceive the environ-
ment as authentic. This, and because “previous research has not focused on the effects of 
authentically contextualized learning settings on learners’ perceived authenticity” (Nachti-
gall et al., 2022, p. 1506) warrants the investigation of perceived authenticity in research on 
the authenticity of learning environments. It further seems beneficial to adopt a differenti-
ated perspective on perceived authenticity with respect to functional versus physical simi-
larities between the simulation and activities or situations of professional practice as well 
(Chernikova et al., 2023; Hamstra et al., 2014).

Thus, next to realizing authentic learning experiences, simulations need to capture a 
learner’s sustained attention to help them construct a mental model of the situation (Schu-
bert et al., 2001). In other words, a simulation should allow for “the subjective experience 
of being in one place or environment, even when one is physically situated in another” 
(Witmer & Singer, 1998, p. 225). This “being present” is the feeling of being fully involved 
in an experience (Vorderer et  al., 2004). Such cognitive involvement may increase the 
learning that is happening while engaging with the simulation (e.g., Stevens & Kincaid, 
2015). For example, Pickal et al. (2022) found that the perceived authenticity of a simula-
tion did not predict the accuracy of diagnostic reasoning in a learning environment, how-
ever, the learners’ involvement did.

In conclusion, authenticity is important but operates on multiple levels and might not be 
effectively supporting learning when the simulation not also engage learners cognitively. 
These points can guide the design of specific features of a simulation, such as the format of 
simulated cases.

The format of simulated cases and prior knowledge

Simulated cases can be presented in different formats which are mostly discussed in medi-
cal education, a field that already utilizes simulation-based learning frequently (Kiesewet-
ter et  al., 2020). The whole case format presents all information about the case upfront. 
That is, the entire case including all associated information is available from the minute the 
learner gets involved with the case (Al Rumayyan et al., 2018) remains available through-
out the entire interaction with the case (Schmidt & Mamede, 2015). In professional prac-
tice, however, information is typically not just available but intentionally gathered (Heitz-
mann et  al., 2019). For example, a teacher notices that a student persistently mixes up 
b’s and d’s. Based on this observation, the teacher pays more attention to other signs of 
dyslexia and eventually lets the student take a test. Mimicking this process of diagnostic 
reasoning, cases are often designed in a serial-cue format (Schmidt & Mamede, 2015). A 
serial-cue format case provides information to a learner gradually and only if the learner 
actively requests that information (e.g., Al Rumayyan et  al., 2018). For example, the 
teacher who noticed a student to mix up b’s and d’s only learns whether this student also 
struggles in other subjects by asking their colleagues.
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While the serial-cue format has a high face validity—giving learners a more authentic 
practice of how diagnosing plays out in real life—it possibly poses a challenge for learners 
with less prior knowledge in a domain (Schmidt & Mamede, 2015). The human cogni-
tive system includes domain-unspecific functions that allow us to engage in goal-directed 
behavior and reasoning processes (e.g., Conway et al., 2002; Friedman & Miyake, 2017; 
Oberauer et  al., 2003) as well as a “large storage of organized knowledge structures in 
long-term memory with effectively unlimited capacity and duration” (Kalyuga, 2007, p. 
510). Existing knowledge representations in long-term memory help to validate and struc-
ture new incoming information (Dochy et  al., 1999). Experts in any domain have many 
schemas—domain-specific knowledge structures and procedures—at their disposal which 
they utilize to execute routine tasks but can also draw on when solving new problems (e.g., 
Kalyuga, 2007).

In a learning context, learners with less prior knowledge typically benefit from instruc-
tional support that guides their reasoning by providing solution steps during problem-solv-
ing activities (Kalyuga, 2007; Sweller et al., 2019). These “external” knowledge structures 
compensate for the lack of existing internally stored structures that learners with more 
prior knowledge possess. A serial-cue case requires the learner to generate a hypothesis 
and make decisions as to what evidence to collect based on very little information, a task 
which learners are much more likely to succeed at when they have knowledge structures 
they can fall back on. Without a strong prior knowledge base, learners are likely resorting 
to weak problem-solving strategies (Newell & Simon, 1972; Sweller, 1988); deciding their 
next moves or generating their hypotheses based on superficial and irrelevant aspects of 
the problem (Atkinson et al., 2000; Kalyuga, 2007; Renkl, 2014). This resource-inefficient 
approach to solving the task may not help achieving the desired learning goals of acquiring 
domain knowledge (schemas) and gaining diagnostic reasoning skills that are applicable to 
future cases (Kalyuga, 2007) because the less prior knowledge a learner has, the more dif-
ficult it is for them to identify relevant information and connect new with existing informa-
tion (Amadieu et al., 2009).

The whole case format would counteract such inefficient problem-solving approaches 
because its design acts as an external support system to compensate for missing knowledge 
structures. Learners are facing lower problem-solving demands when all the case informa-
tion is presented upfront as they do not have to identify which option will potentially be a 
source of relevant information, review the data once they made choice what to look at, crit-
ically assess the evidence the source provides, compare against the problem and the other 
information gathered, synthesize the evidence from multiple sources and go through this 
process iteratively with every new evidence source that is selected. Instead, the learner can 
focus on working through the provided evidence, thereby gaining a knowledge base, and 
then concentrate on the evaluation of the presented evidence to discern the most relevant 
information for making a decision (Schmidt & Mamede, 2015).

Of course, as diagnostic reasoning is a complex task, there are still reasoning demands. Not 
all information given in the case description is equally important and learners still need to sort 
through the evidence as considering every piece of evidence just because it is available would 
not be an efficient nor goal-directed process. However, these demands are much reduced in 
comparison to the serial-cue case, which, on top of the many more processing requirements, 
also carry the risk of “premature closure” (Norman et al., 2017) for learners who do not have 
knowledge structures to fall back on. These learners might feel they have gathered enough 
evidence, see no benefit in requesting more information, and close the investigation, shutting 
down the diagnostic process too early. The risk lies here in disregarding relevant evidence, 
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focusing on only one piece of evidence, limiting one’s perspective to a narrow set of hypoth-
eses, or biasing confirming evidence (Custers et al., 2000).

A prior study that compared these two case formats did not find evidence that one format 
was more beneficial than the other or that the case format effect on (medical) students’ diag-
nostic reasoning depends on prior knowledge (Kiesewetter et al., 2020). We are adding to the 
empirical evidence base by testing the comparative effectiveness of simulated case formats in 
teacher education.

The present study

A core aspect of teaching practice can be described as diagnosing students’ progress and needs 
to find out in which ways to best support their learning (Grossman, 2021). Pre-service teachers 
can benefit from simulations, opportunities to engage in and practice diagnostic reasoning that 
prepare them for the demands of their professional future (Chernikova et al., 2020a, b). We 
designed an environment including simulated cases in the context of diagnostic reasoning to 
recognize, interpret, and take appropriate diagnostic steps toward an accurate diagnosis of two 
common learning difficulties: dyslexia and attention deficit hyperactivity disorder (ADHD), 
both of which are severe developmental disorders acknowledged by ICD-10 and DSM-V 
(World Health Organization, 2019; American Psychiatric Association, 2022). As teachers are 
more trained for diagnosing their students’ motivation, interest, or understanding, recognizing 
indicators of learning difficulties such as ADHD or dyslexia can be challenging (e.g., Scahill 
& Schwab-Stone, 2000; Shaywitz et al., 2008). We chose dyslexia and ADHD as the content 
for our simulation to allow participants to gain and practice diagnostic reasoning on issues that 
are probably unfamiliar but relevant to their professional future.

We investigate effects of the serial-cue and whole case format on perceived authenticity, 
cognitive involvement, and strategic knowledge.

The serial-cue case format enables learners to make choices in their diagnostic process 
very similar to how they would act it out in real life. Utilizing this format might lead to high 
perceived authenticity and involvement, the proposed mechanism for making authentic learn-
ing scenarios effective for cognitive and motivational outcomes (Betz et al., 2016; Nachtigall 
et al., 2022). We hypothesize that learners in the serial-cue case format condition give higher 
authenticity ratings (H1) and higher involvement ratings (H2) than learners in the whole case 
format condition.

Given the evidence that tasks with lower problem-solving demands are usually more ben-
eficial for learners with less prior knowledge (Kalyuga, 2007; Sweller et al., 2019), it might 
be worth to trade-off authenticity elements (serial-cue case format) for an instructional design 
that matches individual learners’ needs (whole case format). We hypothesize that learners 
with less prior conceptual knowledge of ADHD and dyslexia gain more strategic knowl-
edge of these learning disorders with the whole case and learners with more prior conceptual 
knowledge of ADHD and dyslexia gain more strategic knowledge of these learning disorders 
with the serial-cue case format (H3, disordinal interaction effect).
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Method

Participants, prior knowledge training, and study design

A total of 118 pre-service teachers (86% women, 13% men, 1% non-binary) for primary 
school and higher track secondary school completed the study. We recruited pre-service 
teacher from all school types and from all semesters as courses on learning difficulties 
were elective and not tied to a specific semester, allowing them to be taken at any point 
during their studies. On average, participants were 23  years old (SD = 4.10; min = 18, 
max = 40) and in their 5th semester (SD = 3.40; min = 1, max = 13). Participants received 
35€ compensation.

To ensure that prior conceptual knowledge of the targeted learning content varied suf-
ficiently in our sample, we gave one group a short and the other group an extended input 
session about ADHD and dyslexia prior to the study. To keep the input sessions at the same 
length, participants in the short session were also given input on information processing 
models.

We used a between-subjects design with the independent variable case format (whole 
versus serial-cue), assessed prior knowledge (moderating variable) before, and strategic 
knowledge (dependent variable) after the simulation. We used stratified randomization to 
make sure that participants from the short and the long input sessions were approximately 
equally distributed across the two experimental conditions (n1 = 60 serial-cue, n2 = 58 
whole).

Design for authentic learning

We categorize the design elements for creating an authentic learning environment accord-
ing to Nachtigall et al. (2022). We (a) used technology; (b) designed complex cases; (c) 
utilized real-life materials or cultural tools for each simulated case; and (d) our participants 
went through an inquiry investigation to come to a diagnosis for each case. We outline 
these design elements for authenticity as we describe the details of our learning environ-
ment and the simulated cases.

Learning environment

We designed for authenticity using simulated cases as well as artifacts and materials 
borrowed from the cultural setting we are approximating (Radinsky et al., 2001). To create 
an inquiry investigation, we embedded our simulated cases and cultural artifacts in the 
computer-based simulation learning software CASUS (Kiesewetter et  al., 2020;  Fischer 
et  al., 2005) (Fig.  1). For smooth navigation, we also administered the prior knowledge 
training, tests, ratings, etc. through the simulation in the CASUS environment.

Simulated cases

Participants engaged with eight simulated cases during the learning phase (four involved 
symptoms of ADHD and four involved symptoms of dyslexia, however, despite displaying 
symptoms, not all simulated students actually experienced these specific learning 
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difficulties). Each case contained a description of the situation and a simulated student. 
For example, “You are a 4th grade elementary school teacher. The school year has just 
begun. Before the summer break, you noticed that Annika (9 years old) does not like to 
read aloud and completed the year with the grade “insufficient” in reading and writing.” A 
vignette introduced the simulated student. The vignette described the student’s social and 
study behavior and their attitude toward learning/at school. The simulated students in the 
vignettes spanned from 1st grade to 6th grade, capturing the transition between primary 
and secondary school to maximize relevance for pre-service teachers at all school tracks 
(see Stadler et al., 2021).

Additional information included worksheets, report cards, observations from the teacher 
in the classroom, protocols from parent-teacher conferences, conversations with other 
teachers, or a conversation with the student. Using such real-life materials and cultural 
tools is a key element for making the diagnostic process of gathering, synthesizing, and 
interpreting available evidence feel as authentic as possible.

Case format

In the whole case format condition, participants see all information about the simu-
lated case at once as one long consecutive text. Participants scroll up and down to view 
the entire case narrative (Fig. 2).

In the serial-cue case format condition, participants view multiple buttons (e.g., 
“teacher observation,” and “worksheets”) to click on and are asked to make a diag-
nostic move. Once participants click on a button, the corresponding section from the 
simulated case narrative is shown. Participants can toggle back and forth between the 
intro page and pages with additional evidence and open as many evidence pages as are 
available (Fig. 3).

Fig. 1  Welcome page and navigation in the simulation-based environment CASUS
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Procedure

Participants completed the study in a lab (multiple people at the same time). They were 
shown how to navigate in CASUS. Casus creates unique and anonymous logins and logs 
all inputted data automatically. Participants were asked not to collaborate. They first 
completed the prior knowledge training, then the pretest, then the intervention. After 

Fig. 2  Example simulated case: whole case format

Fig. 3  Example simulated case: serial-cue case format
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four simulated cases there was a break of 10–15 min after which participants continued 
with the remaining set of four cases and then completed the posttest.

Measures

Authenticity

Participants’ perceived authenticity was assessed with three Likert-scale items after they 
completed the simulated cases: (1) I perceive the learning environment as authentic, (2) 
The learning environment felt like a real-life professional situation, and (3) The experi-
ence in the learning environment was similar to an experience in a real-life professional 
situation. These items were adapted from scales used in Seidel et al. (2011) and Schubert 
et  al. (2001). The items were answered on a 5-point scale from 1 = strongly disagree to 
5 = strongly agree. A mean score across all three items was used as indicator for perceived 
authenticity of the simulation. The scale showed high internal consistency: Cronbach’s 
α = 0.92.

Involvement

Involvement was measured with four Likert-scale items after the simulation to assess par-
ticipants’ involvement with the cases and the simulated environment: (1) I was strongly 
focused on the situation, (2) I momentarily forgot that I was participating in a study, (3) I 
immersed myself mentally in the situation, and (4) I was fully concentrated on the situa-
tion. These items were adapted from Vorderer et al. (2004). The items were answered on a 
5-point scale ranging from 1 = strongly disagree to 5 = strongly agree. The mean across all 
four items was calculated as an indicator of involvement and the scale showed acceptable 
reliability: Cronbach’s α = 0.67.

Conceptual knowledge

Conceptual knowledge was measured at pretest to assess prior knowledge. Conceptual 
knowledge was assessed with 14 multiple choice items that each had four answer options 
and one correct answer. For example, “Which of the following is not one of the cardi-
nal symptoms of ADHD?” with the answer options (a) Inattentiveness, (b) Hyperactivity, 
(c) Impulsivity, and (d) Impatience (correct option). For each correct answer, participants 
received one point and could thus achieve a minimum of 0 and a maximum of 14 points. 
The sum score was used as an indicator of conceptual knowledge. As the 14 items used 
to assess prior conceptual knowledge involve both questions about ADHD and dyslexia, 
we do not assume that the scale reflects a unidimensional construct and thus do not report 
internal consistency. Instead, we report the variance inflation factor (VIF) suggested for 
assessing the validity of formative constructs (Stadler et al., 2021; Taber, 2018). The VIF 
is an indicator of the redundancy in the scale. The VIFs ranged from 1.05 to 1.31 for the 
14-item scale of conceptual knowledge, below the suggested cut-off of 3.3 for an accept-
able degree of multicollinearity in the scale.
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Strategic knowledge

Strategic knowledge was measured at posttest with four key feature cases (Page et  al., 
1995), two about ADHD and two about dyslexia. Each key feature case included a short 
case description of a few sentences describing a student’s behavior and other observations 
or background information. The key feature cases differed from the simulated practice 
cases in length, detail about the simulated student, and response format. While participants 
added their diagnostic decision and reasoning for it into an open response text box during 
the intervention, posttest cases were followed by two questions with a choose-all-that-apply 
answer format.

The first question (diagnosis) asked participants to “select all diagnoses that appear most 
likely to be correct based on the available information. Please select N options”. For each 
key feature case, it was specific how many options to choose, this number corresponded 
to the number of correct options for the question. Available options ranged from 7 to 10 
across the four key feature cases. Each option could either be correct or incorrect. Correct 
options should be selected, incorrect options should not be selected. Participants received 
one point for correctly selecting and correctly not selecting answer options from the list.

The second question (strategy) for each key feature case asked participants “Which 
steps will you take to confirm or disconfirm the diagnosis of X?” where X was the correct 
diagnosis for each case (not the diagnoses, the participant selected as most likely correct in 
question (1). The answer options for question (2) ranged from 7–10 across the key feature 
cases. Each option was either correct or incorrect. Participants received one point for cor-
rectly selecting and correctly not selecting answer options from the list.

This scoring procedure resulted in a mean score for diagnosis and a mean score for strat-
egy for each of the four key feature cases. The sum across these total eight mean scores 
was calculated to indicate the strategic knowledge of a participant. Thus, the final strategic 
knowledge could range from 0 to 8. We assume that strategic knowledge reflects a multi-
dimensional construct (knowledge about two distinct learning disorders). The VIF analy-
sis indicates a range of 1.03 to 1.10 for the strategic knowledge measure, demonstrating 
almost no collinearity between the items.

Control variable

Time on task was operationalized as the time participants took to complete the eight simu-
lated cases, automatically logged by CASUS in seconds, transformed to minutes for easier 
interpretation, and log transformed to account for non-normal distribution (van der Linden, 
2016). On average, participants spent 52 min (SD = about 16 min) on the eight simulated 
cases. Time on task was controlled for in the test of H3, the effect of case format and prior 
conceptual knowledge on acquisition of strategic knowledge.

Statistical analyses

We report one-tailed tests for directional hypotheses (manipulation check, hypothesis 1 
and 2) and indicate this with pone-tailed. We use a 5% alpha level to judge statistical sig-
nificance. We do not apply Bonferroni correction even though we are conducting mul-
tiple tests using the same predictor variable (case format) because we make statistical 
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claims “for each individual test in the absence of an omnibus null hypothesis about 
which all of the tests speak collectively and for which the Type-1 error rate will be α 
by these corrections” (García-Pérez, 2023, p. 15). We used JASP (JASP Team, 2024) 
and the SPSS Macro PROCESS version 4.2_beta (Hayes, 2018) to estimate the moder-
ated regression model to test H3. We estimated heteroscedasticity-consistent standard 
errors (HC3) and 95% bootstrapped confidence intervals (5000 samples) and reported 
unstandardized regression coefficients. We estimate Bayes factors to follow up when the 
frequentist approach results in inconclusive evidence (p > 0.05). Bayes factors quantify 
evidence for a given hypothesis and allow conclusions about which of two hypotheses is 
more likely. A Bayes factor of 3–10 is considered moderate and > 10 strong evidence for 
one hypothesis over another (Lee & Wagenmakers, 2014).

Results

Manipulation check and correlations

We used an independent samples t-test with training as predictor and prior conceptual 
knowledge as outcome. Prior conceptual knowledge was M = 8.53 (SD = 1.70) in the 
short input and M = 9.19 (SD = 1.56) in the long input group, a statistically significant 
difference t(116) = 2.21, pone-tailed = 0.015, d = 0.41, 95% CI for Cohen’s d [−∞, − 0.10]. 
We thus assume to have successfully increased variability of prior conceptual knowl-
edge about ADHD and dyslexia in our sample.

Correlations are reported in Table 1. We controlled for involvement in the test for H1 
and for perceived authenticity in the test for H2 because these variables were positively 
correlated.

Table 1  Correlations

N = 118 for all estimated correlations

Prior conceptual 
knowledge

Perceived 
authenticity

Involvement Time on task

Perceived authenticity Pearson’s r 0.028
p-value 0.767

Involvement Pearson’s r 0.087 0.472
p-value 0.347  < 0.001

Time on task Pearson’s r 0.126 0.122  − 0.064
p-value 0.174 0.186 0.494

Strategic knowledge Pearson’s r 0.226  − 0.063 0.164  − 0.012
p-value 0.014 0.495 0.076 0.894
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Case format and perceived authenticity (H1)

To test whether participants perceived the serial-cue case format as more authentic than 
the whole case format simulation, we used a one-way ANCOVA with case format as the 
predictor, authenticity ratings as the outcome, and involvement ratings as the control 
variable. Results indicate that participants judged the authenticity almost the same in the 
serial-cue condition (M = 3.4, SD = 1.17) and the whole case (M = 3.22, SD = 1.08). This 
difference was statistically not significant F(1115) = 0.04, pone-tailed = 0.420, ηp

2 < 0.001.
To learn more from this inconclusive result, we followed up with a Bayesian 

ANCOVA. Results indicate that the control variable involvement is the best predic-
tor for authenticity. Our data are about 5 times more likely under the model including 
involvement as the only predictor (best model) than under the hypothesized model that 
includes involvement and case format as predictors  (BF01 = 5.1). From this result we 
conclude that case format is not a key factor with respect to how authentic learners per-
ceive the simulation. Instead, for perceiving the simulation as authentic, it seems more 
relevant if and to what degree learners feel able to concentrate on and immerse them-
selves into the situation.

Case format and involvement (H2)

We tested whether involvement was experienced to a higher degree in the serial-cue than 
the whole case format condition through a one-way ANCOVA with case format as the pre-
dictor, involvement ratings as outcome, and authenticity ratings as control variable.

Participants felt more involved in the serial-cue (M = 3.9, SD = 0.6) than in the 
whole case (M = 3.63, SD = 0.76) condition. This difference was statistically significant 
F(1115) = 4.16, pone-tailed = 0.022, ηp

2 = 0.04. This means that students who worked on cases 
in the serial-cue format reported higher cognitive involvement than those who were in the 
whole case format condition.

Interaction of case format and prior conceptual knowledge (H3)

To test whether the effect of case format is dependent on prior conceptual knowledge, we 
estimated a moderated regression model including case format, prior conceptual knowl-
edge, and the interaction of case format and prior conceptual knowledge as predictors of 
the outcome strategic knowledge (controlling for time on task).

The model was not statistically significant F(4113) = 1.74, p = 0.146, R2 = 0.06. The 
effect of case format was not statistically significant b =  − 0.29, p = 0.527,  CIboot 95% 
[− 1.13, 0.58]. The effect of prior conceptual knowledge was b = 0.05, p = 0.127,  CIboot 
95% [− 0.01, 0.11]. The interaction effect (case format*prior knowledge) was b = 0.02, 
p = 0.625,  CIboot 95% [− 0.07, 0.12]. Simple slopes analysis indicated that the interaction of 
case format and prior knowledge was not statistically significant for levels of the moderator 
(Table 2).

Descriptively, this indicates that with increasing prior conceptual knowledge, the dif-
ference between the two case formats becomes smaller. However, neither the main effect 
of the case format nor the interaction case format*conceptual prior knowledge was sta-
tistically significant. Thus, we estimated a Bayesian moderated regression to quantify 
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evidence for the null hypothesis relative to the alternative hypothesis (the effect of case 
format on posttest strategic knowledge depends on prior conceptual knowledge).

Results of the Bayesian analysis show that the best model is the model including 
only prior conceptual knowledge as a predictor for strategic knowledge. In fact, this 
model is 12.3 times more likely than the hypothesized model including prior conceptual 
knowledge, case format, and the prior conceptual knowledge*case format interaction 
 (BF01 = 12.35). The best model, however, is only 3.7 times more likely than the model 
including prior conceptual knowledge and case format  (BF01 = 3.66) (Table 3).

This means there is strong evidence that prior conceptual knowledge is the best pre-
dictor of strategic knowledge and strong evidence for prior conceptual knowledge as 
best predictor over an interaction of case format and prior conceptual knowledge. In 
contrast, there is only anecdotal evidence for the prior conceptual knowledge model 
over the prior conceptual knowledge and case format model. This means that we cannot 
be sure whether there is or is not an effect of case format on strategic knowledge, even 
after this follow-up analysis.

Table 2  Conditional effects 
of case format on strategic 
knowledge at values of the 
moderator prior conceptual 
knowledge

LLCI lower level confidence interval, ULCI upper level confidence 
interval

Prior conceptual knowledge Effect p 95% LLCI 95% ULCI

Mean—1SD = 7.20  − 0.11 0.350  − 0.34 0.12
Mean = 8.86  − 0.07 0.403  − 0.23 0.09
Mean + 1 SD = 10.51  − 0.03 0.813  − 0.26 0.20

Table 3  Bayesian analysis of H3 interaction effect: model comparison

Bayesian ANCOVA including posttest strategic knowledge as dependent variable, case format as fixed fac-
tor, prior conceptual knowledge as covariate, and case format*prior conceptual knowledge. Results show 
 BF01 which indicates evidence for the null model over the alternative model, given the data. We display 
models in comparison to the best model. Thus, results can be interpreted as in favor of the best model (e.g., 
indicated by a  BF01 = 3.656, the best model is 3.7 times more likely than the case format + prior conceptual 
model, given our data)

Models P(M) P(M|data) BFM BF01 Error %

Prior conceptual model 0.200 0.570 5.295 1.000
Null model 0.200 0.182 0.892 3.125 0.002
Case format + prior conceptual knowledge 0.200 0.156 0.738 3.656 2.726
Case format + prior conceptual knowl-

edge + case format*prior conceptual 
knowledge

0.200 0.046 0.194 12.345 1.273

Case format 0.200 0.046 0.193 12.369 0.029
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Discussion

Diagnosing patterns of student thinking and development is considered a core teaching 
practice (e.g., Grossman, 2021). Using simulation-based learning to engage pre-service 
teachers in diagnostic reasoning, we compared simulated cases with a whole case format 
to a serial-cue case format and tested the case formats’ effects on perceived authenticity, 
involvement, and whether strategic knowledge acquisition depends on prior conceptual 
knowledge of ADHD and dyslexia.

Case format, perceived authenticity, and involvement (H1 and H2)

We did not find evidence that learners perceived the serial-cue case format as more authen-
tic than the whole case format. However, we found that learners in the serial-cue case for-
mat condition reported higher levels of being cognitively involved in the simulation and a 
positive correlation between perceived authenticity and involvement.

We propose to distinguish between two levels on which our simulation’s authentic-
ity operates (Chernikova et al., 2023; Hamstra et al., 2014): the authenticity of the simu-
lated case (physical authenticity) and the authenticity of the diagnostic process (functional 
authenticity). We used the same case materials in cases with different formats. Thus, only 
the functional authenticity was varied. Yet, the difference in authenticity that we intended 
and expected, was not reflected in participants’ ratings—mirroring how an intended authen-
ticity manipulation did not result in perceived differences in Nachtigall et al. (2018). This 
might be because the diagnostic reasoning process was unfamiliar to pre-service teachers 
or because their idea of diagnosing in professional situations differed from the activities in 
the study. Furthermore, the pre-service teachers involved in our study may have had vary-
ing degrees of prior teaching experience in schools and at different schools. This experi-
ence could be an additional factor influencing how authentic the participants perceived the 
simulations with either of the two case formats. That is, those with more teaching experi-
ence may have been better positioned to judge the authenticity of the simulation.

Participants in the serial-cue case condition reported higher cognitive involvement than 
those in the whole case condition. We assume learners felt this higher involvement because 
serial-cue case format allowed them to choose how to approach the case and because they 
had to weigh whether the evidence was relevant or negligible. Learners in the whole case 
condition may have felt less cognitively involved because as they reviewed the case infor-
mation, they may have felt more like reading a long text than actively making choices. As 
Pickal et  al. (2022) showed, cognitive involvement is crucial for accurate diagnosing in 
simulation-based learning, the serial-cue case format should be preferred over the whole 
case format based on our results.

Case format and prior conceptual knowledge (H3)

Our study leaves us with inconclusive results with respect to whether one case format was 
more effective in supporting learners to gain strategic knowledge needed for diagnostic rea-
soning. We did find that there is likely no interaction between case format and prior con-
ceptual knowledge.

While studies with “authentic learning materials” and “resemble real-life experiences” 
as goals for authenticity often showed positive effects on motivational outcomes, they often 
reported negative effects on cognitive outcomes (Nachtigall et al., 2022). Our study delivers 
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inconclusive evidence with respect to cognitive learning outcomes, aligning with this prior 
work and a prior study, that found no differences between the whole and serial-cue case 
format in medical education (Kiesewetter et al., 2020). Nachtigall et al. (2022) conclude 
that there are seemingly no clear-cut design elements or intentions of authenticity that 
promise robust positive effects on cognitive outcomes. We argue that the leverage point 
for fostering cognitive learning outcomes is neither the design elements themselves nor the 
intentions that went into designing authentic learning environments, but rather the learning 
processes that are elicited through design features. While authenticity is important to elicit 
learners’ (initial) interest (or buy-in; Hamstra et al., 2014), what ultimately supports learn-
ers in abstracting a mental model might be the cognitive involvement as it means learners 
focus on and engage in learning relevant processes (Chi et al., 2018; Schubert et al., 2001).

It is thus especially puzzling that students in the serial-cue case condition reported 
higher cognitive involvement but, in contrast to Pickal et al. (2022), did not gain more stra-
tegic knowledge. The case format differences may have been too subtle to cause notice-
able differences in strategic knowledge. Especially since the cases were embedded in an 
else very rich simulated environment (Kiesewetter et al., 2020). This may also explain why 
fewer or less detailed existing knowledge structures (Kalyuga, 2007) did not disadvantage 
learners in the serial-cue case condition. The entire learning experience may have been a 
novel and complex situation resulting in high processing demands in both case formats 
(Chernikova et al., 2020b). Posttest cases further only asked participants to choose a likely 
diagnosis from a list and then select the most promising next steps. The learning experi-
ence in its entirety may have prepared participants for this test. It is possible that differ-
ences between the case formats might occur if the diagnostic reasoning process was tested 
in more nuance. Thus, differences in acquired or improved knowledge structures—sche-
mas—for the diagnostic process may simply gone undetected. Although there is robustness 
theory and we identified reasons why our study may not have detected an effect of case 
format on strategic knowledge, we are also contemplating the possibility of a null effect.

Moving authentic learning forward

To move authentic learning forward, we are synthesizing across our three research ques-
tions and associated results to generate theoretical assumptions, suggest future lines of 
research and to derive a design implication.

Theoretical implications

We propose two theoretical assumptions that can be tested in future research. First, we 
are wondering if there is an authenticity threshold. Our learners differed with respect to 
involvement, but not perceived authenticity although involvement and perceived authen-
ticity correlated positively. We think this could suggest, that physical authenticity is what 
onboards learners to the simulation. This means learners need to perceive a simulation as 
authentic enough to take it seriously. Once a simulation is perceived as authentic (enough), 
there is no benefit of trying to achieve even more physical authenticity—it might even be 
counterproductive (Blomberg et al., 2013). Arguably, it may also be that enough functional 
authenticity results in this “buy-in” (Hamstra et  al., 2014, p. 388). Once learners are on 
board, the simulated activity needs to sustain involvement, that is, foster effective cognitive 
processes to positively influence the target learning goal (Hamstra et  al., 2014). Explor-
ing the threshold idea could involve examining the relationship between physical and 
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functional authenticity. This investigation may uncover whether certain learning settings or 
goals benefit more from one type or a combination of both for achieving the required level 
of authenticity for effective learner engagement (onboarding).

Second, there may be dependencies, maybe even a causal mechanism, between case 
format, involvement, perceived authenticity, and learning. If authenticity onboards learn-
ers, cognitive involvement then elicits key cognitive processes that increase the likelihood 
of learning, it is possible that authenticity is a moderator (“only if I find the simulation 
authentic…”) and involvement a mediator (explaining case format effects on learning out-
comes) in the relationship of case format (or any other feature of the simulation) and cogni-
tive learning outcomes. Another potential (causal) relationship might be that the serial-cue 
case format allows learners to immerse themselves more into the simulated situation which 
then as a result makes the experience more authentic in the learner’s perception. Hence, 
functional authenticity may impact immersion, immersion goes hand in hand with cogni-
tive involvement which then results in learning gains.

Implications for research

Based on our results, other absence of evidence for a case format effect on knowledge acqui-
sition (Kiesewetter et al., 2020), evidence that authentic learning environments may not con-
sistently enhance cognitive outcomes (Nachtigall et al., 2022), and the rationale why simula-
tions are a meaningful learning approach (e.g., Heitzmann et al., 2019; Ledger et al., 2022), 
we propose redirecting research attention from design to exploring how to maximize effects 
of learning with simulated (serial-cue) cases for learners with varying prerequisites.

First, we suggest focusing on guidance during learning with simulated cases. This might 
be particularly helpful for learners with less prior knowledge who seem to struggle navigat-
ing the complex process of diagnostic reasoning in simulations (Kiesewetter et al., 2020). 
For example, through adaptive feedback that helps learners distinguish between irrelevant 
and relevant evidence or next steps in approaching a case (Sailer et al., 2023), with worked 
examples or through self-explaining during the diagnostic reasoning process (Bichler et al., 
2022), or other guidance techniques (Sommerhoff et al., 2023).

Second, we suggest focusing on practice of specific aspects of diagnostic reasoning—
for which simulations lend themselves particularly well (van Merriënboer & Kirschner, 
2017). For example, learners could systematically practice evaluating evidence, synthesiz-
ing multiple evidence sources to avoid premature or biased diagnoses, or distinguishing 
relevant and irrelevant evidence.

Practical implications

Based on our results, we suggest using the serial-cue case format in the future. Even though 
it was not perceived as more authentic, it is advantageous in representing a practice situa-
tion of diagnostic reasoning (Schmidt & Mamede, 2015). It is not costly to design cases in 
the serial cue format and it has the positive effect of learners feeling cognitively involved. 
The resemblance of diagnosing in a serial-cue case format simulation to a real-life practice 
situation, and the learners’ engagement with the materials, increases the likelihood that 
students transfer the practiced reasoning processes to similar situations in their professional 
future (Chernikova et al., 2020b).
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Limitations

Our results could be strengthened by a trace data analysis (Fan et al., 2023) that could 
confirm whether students in the serial-cue case format condition worked through the 
information selectively and consecutively. It is possible that some learners in the serial-
cue case format condition clicked on all available information buttons and created them-
selves a whole case format. However, they still made decisions as to what information to 
consult and in which order—a key feature of the serial-cue case format.

Our study does not shed light on how learners move through the serial-cue case for-
mat, which evidence sources are often or always consulted, and which are often or always 
neglected. This would have indications for case design and guidance as learners potentially 
neglect relevant evidence or place too much emphasis on evidence that is not relevant for 
a given case. Similarly, we also do not have insight into the cognitive processing or steps 
those learners in the whole case condition took. As there is no log data associated with the 
whole case format, think aloud protocols or interviews could be utilized to gain this data.

Another potential threat to perceived authenticity might be the application context in 
which our simulated case format and diagnostic reasoning investigation was situated. Teach-
ers are certainly amongst the first persons to notice signs of learning difficulties but are not 
positioned, in fact, not permitted to make any formal diagnosis of ADHD or dyslexia (in Ger-
many). Diagnosing in a teaching context rather entails finding the most effective teaching and 
support strategies in heterogenous student bodies to tailor instruction to students with varying 
aptitudes for learning. Therefore, pre-service teachers might not have perceived the tasks as 
authentic, as they did not consider diagnostic reasoning related to ADHD and dyslexia within 
the scope of their professional responsibilities. It remains uncertain whether participants were 
aware that the targeted learning outcome was the diagnostic process and diagnostic reasoning 
processes and that these processes are transferable to other contexts.

Conclusion

We conclude that cognitive involvement with the task is more important for learn-
ing outcomes than different case designs, designs for and perception of authenticity. 
Thus, we suggest using serial-cue cases in simulation-based teacher education, or other 
designs with functional authenticity to prioritize the learning goals and learning pro-
cesses over the learning material design. Further, we conclude that future research into 
authenticity thresholds as well as into the relationship of authenticity, involvement, and 
learning will benefit the field. Yet, we propose that the most impactful future avenue is 
to choose a design for which there is a robust theoretical rationale or that has functional 
authenticity for a learning goal and then investigate how the effectiveness of this design 
can be maximized through feedback, adaptivity, or other forms of guidance that facili-
tate the targeted learning outcome through relevant cognitive processes.
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