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Abstract 
Background: Despite acquiring vast content knowledge about the 
functioning of the human body through university teaching, medical 
students struggle to transfer that knowledge to one of the core 
disciplinary practices – differential diagnosis. The authors aimed to 
overcome this problem by implementing computer-based virtual 
environment simulations in medical education courses. 
 
Methods: In an experimental study, the authors compared problem-
solving in medical computer-based virtual environment simulations 
prior to instruction with an instruction-first approach. They compared 
the effects on isomorphic testing and transfer performance of clinical 
knowledge and clinical reasoning skills as well as evoked learning 
mechanisms. The study took place in spring 2021 with undergraduate 
medical students in the scope of a medical trajectory course. Due to 
Corona-Virus-19 measures participants completed all study activities 
remotely from home. 
 
Results: The authors did not find any learning activity sequence to be 
superior to the other. However, when looking at the two learning 
activities individually, they found that problem-solving in computer-
based virtual environment simulations and direct instruction might be 
equally effective for learning content knowledge. Nevertheless, 
problem-solving in computer-based virtual environment simulations 
with formative feedback might be more effective for learning clinical 
reasoning skills than mere instruction. 
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Conclusions: The findings indicate that problem-solving in computer-
based virtual environment simulations might be more effective for 
learning clinical reasoning skills than mere theoretical instruction. The 
present study has a high level of ecological validity because it took 
place in a realistic setting where students had to perform all learning 
and testing tasks autonomously.

Keywords 
Clinical knowledge, clinical reasoning skills, learning activity 
sequencing, problem-solving prior to instruction, situated learning, 
transfer
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           Amendments from Version 1

Many thanks to the reviewers’ comments and suggestions to 
improve the present article!

The following issues were changed.

1.    Introduction

•    We restructured the whole section.

•     We added more details and theoretical background 
about the issues in medical education and the transfer 
from university teaching.

•      We elaborated in more depth about the design of 
problem-solving prior to instruction (PS-I) and thereto 
related learning mechanisms.

•     We added a section to elaborate in more detail about the 
difference between near and far transfer.

•     We added a section with specific research questions and 
thereto related hypotheses. This also includes additional 
literature from which we derived the hypotheses.

2.    Methods/Results

•     We added the illustration of the applied computer-based 
virtual environment (CVE) platform and the experimental 
design to the body text (which used to be in the 
Extended Data).

•     We reflected on the process of multiple imputation 
in more detail and added an Extended Data file with 
corresponding analysis data.

•     We excluded the repeated measures ANOVAs from the 
article and rely on ANCOVAs only. This is because there 
were no significant interaction effects in the repeated 
measures ANOVAS.

•     We ran new ANCOVA analyses where we excluded most 
covariates which were originally included and controlled 
for prior knowledge only.

•     We reported the statistical power for each analysis.

•     Figures and tables were adapted according to the new 
analyses.

Discussion

•     We included aspects and theories from multimedia 
learning

•     We added a “Limitations and future work” section 
where we reflect on (a) PS-I principles, (b) facilitation in 
the problem-solving phase in PS-I, and (c) the role of 
feedback

•    We took up the stated hypotheses.

Further issues

a)    The designation of figures, tables, and Extended Data 
files was changed due to revisions in the body text and 
analyses.

b)   We reduced the number of abbreviations.

Any further responses from the reviewers can be found at 
the end of the article

REVISED

Introduction
Empirical studies reveal that undergraduate medical stu-

dents struggle on counseling patients in the clinical practice of  

medicine (Prince et al., 2005). A major reason for the stu-

dents’ struggling in practice might be that knowledge which  

was acquired in a university setting does not transfer to clini-

cal practice (Collard et al., 2016). Yet, we identify the failure 

to transfer in current methods of instruction where the focus  

is on first providing direct instruction on basic knowl-

edge without adequate attention to situate this knowledge 

in disciplinary practice. First, this is because the majority of  

cognitive errors are not related to knowledge deficiency, as 

by the third year of medical school, the average student has 

acquired an impressive fund of clinical knowledge (Leeds  

et al., 2020). Second, there is a significant lack of practi-

cal experience during the medical studies, especially in the 

early years of study (Diemers et al., 2007; Dornan et al., 2006).  

Third, if there is work-based training this is often conducted 

in an isolated way, alongside classroom-based learning, rather 

than being connected to it (Peters et al., 2017). Accordingly,  

to overcome the issue of transfer, we proposed (a) a transi-

tion to situations as starting points (Michaud & Jucker-Kupper,  

2017) where learning must be anchored to an actual dis-

ciplinary problem and (b) that the acquisition of clinical 

knowledge and clinical reasoning skills must be situated in  

disciplinary practice where instruction and practical experience 

must be closely connected to each other.

According to the new learning objectives catalogue for  

medical students in Switzerland, situations as staring point are 

“generic situations which cover the common circumstances, 

symptoms, complaints and findings that a physician should 

be able to manage on his first day of residency” (Michaud  

& Jucker-Kupper, 2017, p. 26). A specific example of a situ-

ation as starting point is headache. However, this situation 

as starting point might then end in different diagnoses (e.g., 

migraine, subarachnoid hemorrhage) when going through the  

differential diagnosis process with a patient. Notably, build-

ing on the limitations of past educational methods, the new 

learning objectives catalogue aims to restructure the medical  

study curriculum and set situations as starting point as the 

baseline for learning. Consequently, our study aligns with 

this approach and our findings might contribute to the cur-

rent discussion on how the new learning objectives can be  

implemented into the curricula of medical faculties (Berendonk  

et al., 2019) and how they can be assessed objectively.

Whilst we acknowledge that there might be several options 

for implementing situated learning and situations as starting 

point and to enhance transfer, we aimed to explore the use of  

medical computer-based virtual environment (CVE) simu-

lations. Such virtual environment scenarios with simulated 

patients allow medical students to learn and experience in safe  

environments from which transfer to other simulated situa-

tions or clinical practice can be enhanced. Furthermore, CVE 

simulations offer a unique possibility to generate almost any  

relevant medical scenario and align such scenarios with the 

situations as starting point approach. Additionally, CVE  

tools and platforms allow individualized learning. Because CVE 

simulations are scalable and not limited to a certain number 

of students, their use in medical education is also potentially  

beneficial for institutions and lecturers from an economic and 

efficiency perspective in the long-term. However, in empirical  
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research it has yet to be shown how and when CVE simulations  

are effective in medical education and enhancing transfer.

One method of combining instruction and practical  

experience to successfully enhance learning and transfer 

is the so-called problem-solving prior to instruction (PS-I) 

design. This is because recent meta-analytic evidence from 

the learning sciences suggests that PS-I, on average, results  

in better conceptual understanding and transfer outcomes than 

instruction-first learning approaches for comparisons carried 

out in the domain of medicine (Sinha & Kapur, 2021b).  

However, there also are limitations on this approach where 

the instruction preceding problem-solving (I-PS) sequence 

might be more appropriate. This is why we compared the 

PS-I with the I-PS learning activity sequence for differential  

diagnosis education and their effect on clinical knowledge 

and clinical reasoning skills acquisition and transfer. In our 

study, problem-solving was represented by a patient scenario 

in CVE which situates learning in disciplinary practice. In such 

instructional designs, the first learning activity is assumed to  

trigger mechanisms which prepare students to benefit from 

the subsequent learning activity (Loibl et al., 2017). These  

learning mechanisms are germane cognitive load, knowledge 

gap awareness, state curiosity, positive affect and negative 

affect (Sinha et al., 2020). Below, we elaborate more on these  

mechanisms.

In the present study we first focused on clinical knowledge 

which we specify as declarative and conceptual knowledge 

about specific diseases and the process of differential diagnosis.  

Declarative clinical knowledge describes the recall of specific 

isolated pieces of knowledge such as facts, definitions, termi-

nologies, concepts, etc. (e.g., Goldman & Hasselbring, 1997) An 

example related to the present work is a question about the dif-

ference between primary and secondary headaches. Conceptual  

knowledge reflects the understanding of interrelationships 

among facts, procedures, and concepts (e.g., Engelbrecht et al.,  

2005). An example related to the present work is to understand 

the meaning of specific measure values in a blood test. Second, 

we also targeted the underlying mental process of differential 

diagnosis - clinical reasoning. Clinical reasoning describes the  

thinking and decision-making process associated with clinical 

practice (Higgs & Jones, 2008). Clinical reasoning must be 

applied in every moment of patient attendance and is fundamen-

tal for a timely diagnosis of diseases. We annotate that in this  

study we focused on the strategic aspects to generate differ-

ential diagnoses (e.g., using certain procedures and under-

standing why they might be useful), hence clinical reasoning  

skills, and not on the execution of procedures (e.g., auscul-

tate the heart during the physical examination). For com-

pleteness, for the present work clinical reasoning skills are  

categorized as procedural knowledge which reflects the ability 

to use particular rules related to a concept and to perform a  

procedure (e.g., Kadijevich & Haapasalo, 2001; Rittle-Johnson  

et al., 2015).

A broad definition of transfer may be described as apply-

ing previously learned knowledge with various degrees of  

adaptation or modification of that knowledge in completing a  

task or solving problems. Depending on the degree of the 

need for adaptation or modification, transfer can be further 

divided into three levels which include knowledge application,  

knowledge near transfer, and knowledge far transfer. How-

ever, to determine whether a particular testing task assesses 

near or far transfer is complex because the notion of trans-

fer encompasses several dimensions which are unstated in the  

definition. Furthermore, this makes it difficult to draw mean-

ingful conclusions from past research because investigators 

might have use terms of transfer inconsistently (Barnett & Ceci,  

2002). Consequently, we specify our investigations on  

transfer. Barnett & Ceci (2002) suggest that the charac-

teristics of transfer might be categorized into two overall  

factors: content and context. The content describes what is 

transferred, whereas the context characterizes when and where 

transfer occurs from and to. In our study we investigated 

the acquisition of clinical knowledge and clinical reasoning 

skills through two different learning activities in different  

orders and their subsequent transfer to a similar and dissimilar 

patient problem. According to the taxonomy of Barnett &  

Ceci (2002), the content can be – inter alia – divided into two 

further subdimension: (a) the specificity/generality of the 

learned skill (procedure, representation, principle or heuristics)  

and (b) the performance change created by the learning inter-

vention (speed, accuracy, approach). Accordingly, with our 

study we addressed representation accuracy by assessing  

clinical knowledge and the approach to (differential diagnosis) 

principles by assessing clinical reasoning skills. The context 

can also be broken down into a number of subdimension (c.f.  

Barnett & Ceci, 2002). However, the only subdimension where 

there is a remarkable difference between the various testing 

and transfer problems is the knowledge domain. Even though 

in our study all testing and transfer problems were in the  

domain of differential diagnosis, this is because these prob-

lems were based on different situations as starting point and 

diagnoses. Consequently, the testing and transfer problems  

targeted specific knowledge and skills from different disci-

plines. We acknowledge that our categorization of different 

kinds of transfer might be oversimplified. However, first due  

to the fact that among all context subdimensions there is only a 

remarkable difference between the various testing and trans-

fer problems in knowledge domain and second for better  

comprehension we define near and far transfer as follow-

ing. Near transfer: means to transfer clinical knowledge and  

clinical reasoning skills acquired in learning activities based 

on one situation as starting point, to an assessment method 

with content building on the same situation as starting point 

but a different diagnosis and. Far transfer: means to transfer 

clinical knowledge and clinical reasoning skills acquired in  

learning activities based on one situation as starting point, 

to an assessment method with content building on another  

situation as starting points. Furthermore, isomorphic means 

to acquire clinical knowledge and clinical reasoning skills in  

learning activities based on one situation as starting point 

and employ it in an assessment method with content  

building on the same situation as starting point and the same 

 diagnosis.
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In summary, we aimed to evaluate when problem-solving in  

CVEs in combination with direct instruction can best enhance 

learning outcomes and how CVEs are effective. We did so 

by combining problem-solving in CVEs and direct instruc-

tion in different orders resulting in the problem-solving in  

CVE prior to instruction (CVE-I) and instruction prior to prob-

lem-solving in CVE (I-CVE) sequences. We then assessed the 

effect of the CVE-I and I-CVE sequences on learning mecha-

nisms and the acquisition and transfer of clinical knowledge  

and clinical reasoning skills. Inter alia, the ability to transfer 

is important because medical students cannot be confronted 

with all possible situations in their medical studies they will  

face later in their professional career as doctors.

Research questions and hypotheses
To achieve our research goals we stated the four following  

research questions:

1.  How does the sequence of problem-solving in CVE 

simulations and direct video instruction influence 

the learning mechanisms germane cognitive load, 

knowledge gap awareness, state curiosity, positive  

affect, and negative affect?

2.  How does the sequence of problem-solving in CVE 

simulations and direct video instruction facilitate 

isomorphic testing outcomes of clinical knowledge  

and clinical reasoning skills in a new disease?

3.  How does the sequence of problem-solving in CVE 

simulations and direct video instruction facilitate near 

transfer of clinical knowledge and clinical reasoning  

skills?

4.  How does the sequence of problem-solving in CVE 

simulations and direct video instruction facilitate far 

transfer of clinical knowledge and clinical reasoning  

skills?

Following, we elaborate more on past research to derive a 

rational for our hypotheses. As emphasized already, recent  

meta-analytic evidence suggests that PS-I, on average, results 

in better conceptual understanding and transfer outcomes 

than instruction-first learning approaches in the domain of 

medicine (Sinha & Kapur, 2021b). However, for procedural  

knowledge, no such effect could be shown, Hedge’s g = -0.03, 

95% CI [-0.20, 0.15] (Sinha & Kapur, 2021b). For example,  

Palominos et al. (2021) compared the effect of PS-I and  

I-PS on nursing students learning in healthcare simulations 

on the acquisition of declarative and explanatory knowledge  

and transfer of knowledge. They found PS-I to outperform  

I-PS for explanatory knowledge and the ability of applying 

learning to solve novel clinical problems but not for declarative 

knowledge. Furthermore, in their study about sequencing dis-

covery learning and direct instruction for simulation-technical  

skills, Kulasegaram et al. (2018) found that a learning activ-

ity sequence resembling PS-I leads to better transfer of simu-

lated suturing skills than I-PS. However, this was not the case 

for acquisition and retention. Marei et al. (2017) combined  

virtual patient simulations with direct instruction in reversed  

orders to compare their effect on knowledge acquisition, trans-

fer, and retention and treatment of new virtual patients. They 

did not find a significant difference between the PS-I (virtual  

patient simulations preceding instruction) and I-PS sequence 

regarding their effect on knowledge acquisition and reten-

tion. However, for knowledge transfer they found – only  

for males – the PS-I approach to be more effective for  

simpler topics, whereas they found the I-PS approach to be more 

beneficial for more complex topics. Finally, Geel et al. (2019)  

compared a practice before instruction versus an instruction-

first approach in X-ray evaluation training. They found the 

instruction-first (I-PS) sequence to outperform the practice  

before instruction (PS-I) sequence in diagnostic performance. 

Remarkably, they indicate that this might be due high  

relevant prior knowledge of study participants. Consequently, 

from this study it can be deducted that an I-PS approach  

could be advised for advanced learners with high prior 

knowledge. The findings of this might be explained by the 

expertise reversal effect, a phenomenon where – in simple  

terms – instructional approaches (such as e.g., PS-I) are highly 

effective with inexperienced learners but not or even detri-

mental for more experienced learners (Kalyuga et al., 2003). 

These specific examples indicate that beside the beneficial  

effects of the PS-I sequence on learning outcomes there are also 

limitations on this sequence where the I-PS sequence might 

be more appropriate. Especially, this might depend on stu-

dents’ prior knowledge, the complexity of the tasks or topics, 

and whether knowledge or skills, or acquisition or transfer shall  

be fostered.

All studies mentioned above investigated the PS-I versus  

I-PS sequence on their effect on knowledge and skill  

acquisition and transfer in the domain of medicine. However, 

none of these studies has tried to understand why the respec-

tive approach might be effective or not. Therefore, we also 

addressed learning mechanisms which have been posited to 

be related to the superior learning outcomes in PS-I compared 

to an instruction-first approach (Glogger-Frey et al., 2015;  

Lamnina & Chase, 2019; Loibl et al., 2017). Specifically, we 

assessed knowledge gap awareness, state curiosity, germane 

cognitive load, and positive and negative affect. Regarding  

knowledge gap awareness, existing review of PS-I literature 

suggests that students need to be made aware of the limita-

tions to their knowledge (Loibl et al., 2017). This is because 

it has been postulated that students who better perceive their  

knowledge gaps might be better prepared to fill these  

knowledge gaps by receiving instruction (Loibl et al., 

2017). Importantly, it is indicated that PS-I leads to higher  

knowledge gap awareness than I-PS designs (Loibl & Rum-

mel, 2014). Additionally, state curiosity is an important motiva-

tional factor in problem-solving because strong state curiosity 

is related to the desire to know more and to fill knowledge gaps  

(Glogger-Frey et al., 2015). Related thereto, Lamnina & Chase 

(2019) indicate that uncertainty provokes state-curiosity. 

In our study, this uncertainty might be increased through  

problem-solving in CVE rather than through direct instruc-

tion. Germane cognitive load results from instructional for-

mats that increase cognitive load as well as learning by relating  
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relevant information from long-term memory to new informa-

tion elements (Leppink et al., 2014; Sweller, 1988). Activities 

that promote high germane load might facilitate learning and  

contribute to transfer performance by helping to build cor-

rect mental models (Paas et al., 2003). For example, such an 

activity might be to solve problems in an applied task such as a  

simulated patient encounter. Therefore, high germane load 

indicates that learners are engaged and direct their mental 

resources to learning processes. Sinha & Kapur (2021a) indi-

cated that PS-I can be expected to evoke positive affect (i.e.,  

surprise, interest, and confusion). Furthermore, Lamnina &  

Chase (2019) indicated that there is a positive relationship 

between self-reported positive affect and learning outcomes, 

especially for isomorphic problem-solving testing. On the other  

hand, negative affect (i.e., anger, disgust, and contempt) 

might also have beneficial effect on learning outcomes in PS-I  

designs (Sinha & Kapur, 2021a). This is because “experienc-

ing moderate levels of negative emotions keeps one alerted 

of challenges requiring more focused attention, and assists in 

comprehending conflicting information” (Sinha, 2022, p. 41).  

Such negative affect can be evoked by designing an ill- 

structured problem-solving nature (Sinha, 2022) where in our  

study this might be reflected by a patient problem in CVE.

Related to research question 1, the studies mentioned above 

indicate that CVE-I sequence in general might be more  

beneficial for transfer but not for acquisition of procedural 

knowledge and skills. Furthermore, the learning mechanisms 

have been shown to beneficial for conceptual knowledge and  

transfer. Consequently, learning mechanisms might explain 

why these two learning outcomes are fostered in the CVE-I  

sequence. However, there are also studies including virtual 

patient simulations in PS-I designs which did not find any learn-

ing activity sequence to be superior to the other on knowledge  

acquisition and transfer. Accordingly, the effectiveness of a  

PS-I or I-PS instructional approach might rather dependent 

on prior knowledge and the complexity of the task topic.  

Consequently, the better triggering of learning mechanisms in the  

CVE-I sequence might be impeded by factors such as task  

complexity or prior knowledge. Consequently, we hypothesized 

a similar triggering of learning mechanisms after the first  

learning activity for both groups.

Learning mechanisms

1.1  There will not be any difference between learning  

activity sequences in germane cognitive load.

1.2  There will not be any difference between learning  

activity sequences in knowledge gap awareness.

1.3  There will not be any difference between learning  

activity sequences in state curiosity.

1.4  There will not be any difference between learning  

activity sequences in positive affect.

1.5  There will not be any difference between learning  

activity sequences in negative affect.

As specified, the learning mechanisms addressed above are 

assumed to trigger cognitive processes which prepare students 

to benefit from subsequent instruction. Based on our hypoth-

eses 1.1 – 1.5 that these mechanisms will be triggered to a  

similar extent among experimental groups, we deducted that 

students of both groups must be prepared for the respective  

for the second learning activity to a similar degree. Further-

more, studies have shown that a PS-I instructional approach 

in general might be more beneficial for transfer but not for  

acquisition of procedural knowledge and skills. For our 

study, this would indicate that CVE-I might be superior to  

I-CVE for conceptual clinical knowledge acquisition and clini-

cal reasoning skills transfer. Additionally, research indicates 

that the PS-I sequence (CVE-I) might be more beneficial for  

students with low prior knowledge. Accordingly, as the inter-

vention and isomorphic testing focused on a novel disease for  

students, their prior knowledge might be assumed to be low. 

Consequently, for our study this further supports – particularly  

for third-year medical students with low prior knowledge on 

a certain topic – that the CVE-I sequence might lead to bet-

ter conceptual clinical knowledge acquisition and better clinical 

knowledge and clinical reasoning skills transfer than the I-CVE 

sequence. Thus, we made the following hypotheses on learning  

outcomes related to research questions 2 to 4.

Isomorphic testing

2.1  CVE-I will lead to similar or slightly better isomor-

phic testing outcomes of clinical knowledge in a new  

disease than I-CVE.

2.2  CVE-I will lead to similar or slightly better isomor-

phic testing outcomes of clinical reasoning skills in  

a new disease than I-CVE

Near transfer testing

3.1  CVE-I will lead to similar or slightly better near  

transfer of clinical knowledge than I-CVE. 

3.2  CVE-I will lead to similar or slightly better near  

transfer of clinical reasoning skills than I-CVE.

Far transfer testing

4.1  There will not be any difference between learning  

activity sequences in far transfer of clinical knowledge.

4.2  CVE-I will lead to similar or slightly better far transfer  

of clinical reasoning skills than I-CVE.

Methods
Participants
The present study took place in scope of a third-year medical 

course at an open admission highly ranked university in West-

ern Europe. Students were randomly assigned to the intervention  

groups before the course start. We could recruit N = 61 

(63.93% female, n = 39) students who gave written (online) 

informed consent to include their data in the study whereof  

n = 34 (58.82% female, n = 20) students were assigned to 
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the CVE-I group and n = 27 (70.37% female, n = 19) to the  

I-CVE group. No compensation was given to study participants.  

This study was approved by the Ethics Committee of ETH Zurich.

Study context
Due to Coronavirus-19 (World Health Organization (WHO), 

2020) measures, the study took place online. The students com-

pleted all activities of the study autonomously from home on  

I-Human Patients, Moodle, and Qualtrics. However, we sent 

detailed instructions to students via e-mail about the proceeding  

of the next study phase or day.

Experimental design
There were two subject groups going either through the  

CVE-I or I-CVE learning activity sequence in the intervention  

phase. The pre-intervention phase took place three to five days 

prior to the intervention. The intervention phase took place 

within one morning where participants followed their learning  

activities and intermediate testing according to their assigned 

sequence. The post-intervention phase took place over two days 

due to time considerations. In the afternoon of the interven-

tion day, participants went through the isomorphic assessment.  

On the next day, students first went through the near trans-

fer assessment and then through the far transfer assessment. 

Please refer to Figure 1 for an illustration of the experimental  

design.

Learning materials and measures
CVE platform. We used the interactive learning platform  

I-Human Patients for our medical CVE simulations. Please 

refer to Figure 2 for an illustration of the platform. To assess 

and quantify clinical reasoning skills we extracted the following  

measures from the CVE scenarios:

•  History: asking correct questions when obtaining the 

patient’s history

•  History Relevance: correctly asked questions in relation 

to extraneous and missed ones

•  Physical Examination: selecting correct physical exami-

nations during the patient encounter based on findings  

in the patient history

•  Physical Examination Relevance: correctly selected 

examination in relation to extraneous and missed ones

•  Differential Diagnoses Selection: selecting correct  

eligible differential diagnoses based on findings in the  

patient history and physical examination (or electronic 

patient record)

•  Tests: selecting correct clinical tests to include/exclude 

eligible differential diagnoses

•  Tests Relevance: correctly selected clinical tests in  

relation to extraneous and missed clinical ones

• Time: time used to solve the CVE scenario

Pre-intervention phase. In this phase, students had to solve 

a multiple-choice quiz with questions related to the medical  

topics covered in the intervention and post-intervention phase.  

This pre-intervention quiz was to assess students’ prior knowl-

edge and to establish the baseline for potential clinical knowl-

edge acquisition and transfer caused by the intervention.  

Consequently, all questions of the pre-intervention quiz were 

asked again later in the study process when assessing the 

corresponding modality. We took quiz questions from the  

I-Human Patients platform because they are properly matched 

to the content of the CVE scenarios. Multiple-choice ques-

tions were set up and answered in Moodle. We assessed clinical 

knowledge in four modalities with multiple-choice questions:  

(a) intermediate, (b) isomorphic, (c) near transfer, and (d) far 

transfer. Please refer to the sections «Intermediate testing»  

and «Post-intervention testing» for question examples. Further-

more, please refer to Extended Data 1 (Fässler, 2022f) for all 

implemented questions. Scores of all multiple-choice quizzes  

were transformed into percentage values.

Problem-solving phase. In this phase, students worked inde-

pendently through the CVE problem-solving scenario. The simu-

lated differential diagnosis process consisted of four stages:  

(a) taking the patient history by asking questions to the patient, 

(b) performing the physical examination by selecting appro-

priate examinations based on the findings in the history part,  

(c) selecting eligible differential diagnoses based on findings in 

the patient history and physical examination, and (d) selecting  

appropriate clinical tests to include/exclude eligible differen-

tial diagnoses. In the problem-solving scenario, individual-

ized instant formative feedback was provided after each of 

these four stages. The problem-solving scenario was based on 

a simulated patient with the situations as starting point headache  

where the differential diagnosis process ended with migraine.

Instruction phase. This phase was represented by a mono-

logue video lecture of 25 minutes duration. This lecture con-

sisted of (a) a theoretical introduction where a doctor provided  

information about headaches and the corresponding diagnos-

tic approach and (b) a case review where the doctor worked 

through the differential diagnosis process on an actual patient 

with migraine. The video lecture was provided via the I-Human  

Patients platform.

Intermediate testing. After the first learning activity, we col-

lected students’ self-reported learning mechanisms measure-

ments on a five-point Likert scale via questionnaires in Qualtrics:  

germane cognitive load (Leppink et al., 2014; 6 items, e.g., 

“This activity improved my understanding of the content that 

was covered ”), knowledge gap awareness (Glogger-Frey et al.,  

2017; 5 items, e.g., “My knowledge was insufficient to carry 

out these tasks”), state curiosity (Naylor, 1981; 9 items, e.g., 

“I feel like asking questions about what is happening”), positive  

affect (Watson et al., 1988; 10 items, e.g., determined, enthu-

siastic) and negative affect (Watson et al., 1988; 10 items, e.g., 

upset, distressed). Please refer to Extended Data 2 (Fässler,  

2022g) for all questionnaire items. We also introduced (a) 

an intermediate multiple-choice quiz on Moodle (9 items, 

e.g., “What is the difference between a primary and second-

ary headache?”) and (b) a CVE testing scenario on I-Human 

Patients which was shorter than the standard scenarios. Like the  
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problem-solving scenario, the intermediate testing scenario  

was based on the situations as starting point headache lead-

ing to migraine. However, the patient looked differently and 

the patient history and physical exam were replaced by an  

electronic patient record from which students had to extract 

the most relevant information to continue with the differential  

diagnosis process. No feedback was provided.

Post-intervention testing. This phase was split into three sec-

tions: isomorphic, near transfer and far transfer testing. Each 

of these three sections consisted of a CVE scenario and a  

multiple-choice quiz. During the isomorphic testing section, 

participants worked through the same scenario as in problem-

solving scenario. However, the patient looked different and no  

feedback was provided. This was followed by an isomorphic  

multiple-choice quiz with questions about migraine (10 questions, 

e.g., “Your patient describes her/his headache as preceded  

by an aurea, diplopia, and loss of coordination. What is the 

most likely diagnosis?”). During the near transfer testing  

section, participants worked through a patient scenario which 

was also based on the situations as starting point head-

ache but led to subarachnoid hemorrhage. This was followed 

by a near transfer multiple-choice quiz with questions about 

subarachnoid hemorrhage (4 questions, e.g., “You suspect 

that your patient has a subarachnoid hemorrhage, but the 

non-contrast CT is negative. Which test would be best to 

perform next?”). During the far transfer testing section,  

participants worked through a patient scenario which was 

based on the situations as starting point chest pain and 

lead to pulmonary embolism. This was followed by a far  

transfer multiple-choice quiz with questions about pulmonary 

embolism (6 questions, e.g., “Which of the following organ 

systems should be considered when investigating the cause of  

dyspnea?”).

Figure 1. Experimental Design. Green illustrates assessments of learning mechanisms, red of clinical knowledge, and blue of clinical 
reasoning skills. Abbreviations: CK: clinical knowledge; CRS: clinical reasoning skills; CVE: computer-based virtual environment; PE: pulmonary 
embolism; I: direct video instruction (video lecture); SH: subarachnoid hemorrhage.
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Analysis plan
For all statistical analyses we used the IBM SPSS, version 

27 (IBM Corporation, Armonk, New York), and JASP, ver-

sion 0.15 (Department of Psychological Methods, University of  

Amsterdam, Amsterdam), computer software. Before car-

rying out the analyses, we checked whether randomization 

of students to groups was effective. We did so by applying a  

Mann-Whitney U test on pre-intervention quiz scores for 

each clinical knowledge modality. As alternative complemen-

tary analyses for null hypothesis significance testing, we used  

Bayesian informative hypotheses evaluation and correspond-

ing non-parametric approaches in all analyses (Hoijtink et al.,  

2019). This allowed direct evaluation of the Bayes factor of a 

null hypothesis (BF
01

) at hand or equivalence testing versus its 

alternative hypothesis (BF
10

) for measure differences. Some  

students did not work through all study activities. Hence, data-

sets for these students were incomplete. Therefore, we ran mul-

tiple imputations (n = 5) analysis on all included variables.  

Subsequently, we ran Mann-Whitney U tests on each vari-

able with an incomplete dataset to compare observed and 

pooled means where we were looking for significant differences  

between these two values.

Learning mechanisms. We conducted an ANCOVA, controlling  

for average pre-intervention clinical knowledge, to compare  

feedback response in the problem-solving scenario. Further-

more, we conducted a MANCOVA, boot-strapped with 1000 

replications, to compare the extent to which the posited learn-

ing mechanisms were triggered among the CVE-I and I-CVE  

groups after the respective first learning activity.

Clinical knowledge. We ran individual ANCOVAs on inter-

mediate (after the first learning activity) and post-intervention  

isomorphic, near transfer, and far transfer quiz scores, control-

ling for pre-intervention clinical knowledge in the respective 

modality, to compare the performance in clinical knowledge  

testing after the intervention between groups. Notably, these 

analyses were performed for declarative and conceptual  

knowledge questions separately. This was because the inter-

vention might influence these two kinds of knowledge  

differently.

Clinical reasoning skills. First, we ran a MANCOVA, boot-

strapped with 1000 replications, on problem-solving scenario 

clinical reasoning skills scores, controlling for Time used to  

Figure 2. Implemented CVE Platform I-Human Patients. Figure reprinted with permission of I-Human Patients by Kaplan, https://www.
i-human.com
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solve this scenario and overall pre-intervention clinical knowl-

edge. Second, we ran individual MANCOVAs, boot-strapped 

with 1000 replications, on the intermediate, isomorphic, near  

transfer and far transfer scenario, controlling for Time used to 

solve the respective scenario and overall pre-intervention clini-

cal knowledge in the respective modality. This was to compare  

the performance in each CVE scenario between groups. To 

get a complete overview, we averaged the scores of all clini-

cal reasoning skills factors in each scenario (problem-solving,  

intermediate, isomorphic, near transfer, and far transfer). We then  

ran ANCOVAs, boot-strapped with 1000 replications, on the 

averaged score of each scenario, controlling for Time in the 

respective scenario and overall pre-intervention quiz score in 

the respective modality. The ANCOVA on the problem-solving  

scenario controlled for Time used to solve this scenario and  

overall pre-intervention clinical knowledge.

Results
Multiple imputations analysis revealed that there were three 

missing values for all near transfer clinical reasoning skills fac-

tors, one missing value for all far transfer clinical reasoning  

skills factors, two missing values for the reaction to provided 

feedback during the problem-solving scenario, and two miss-

ing values for all learning mechanisms. Comparison of observed 

and pooled means did not reveal a significant difference 

between these two values for any of the imputed variables, BF
10

  

was ≤ 0.20 for all comparisons. Please refer to Extended  

Data 3 for descriptives of the analyses (Fässler, 2022h). Hence, 

we did not exclude any student from the analyses. Conse-

quently, we ran the analyses with all students and the corre-

sponding available data. Nevertheless, the number of students  

(N) included varied among analyses. Please note that fig-

ures with data representations in red illustrate information 

about clinical knowledge and in blue about clinical reasoning  

skills.

Pre-intervention testing
The Mann-Whitney U test on average pre-intervention quiz  

score did not reveal a significant difference between groups. 

Bayesian Mann-Whitney U testing confirmed this finding,  

BF
01

 = 2.80. When considering prior clinical knowledge in 

all modalities individually, no significant difference between 

groups was revealed in neither of the clinical knowledge  

modalities. Bayesian Mann-Whitney U testing confirmed this 

finding, intermediate clinical knowledge, BF
10

 = 0.36; isomor-

phic clinical knowledge, BF
10

 = 0.29; near transfer clinical  

knowledge, BF
10

 = 0.48; far transfer clinical knowledge, 

BF
10

 = 0.58. Consequently, this is anecdotal to moderate evi-

dence that groups were equal and randomization was effective.  

Please refer to Extended Data 4 (Fässler, 2022i) for descrip-

tives of prior knowledge and all other measures included in  

the present study.

Problem-solving phase
The MANCOVA on the problem-solving scenario revealed a 

significant difference in clinical reasoning skills score between 

groups, Wilk’s λ = .482, F(8,50) = 6.73, p < .001, η
p
² = .518,  

observed power > .99 (Fässler, 2022e). Related univari-

ate ANCOVAs revealed that the I-CVE group significantly  

outperformed the CVE-I group in Differential Diagnoses  

Selection, F(1,57) = 15.99, p < .001, η
p
² = .219, BF

10
 = 56.78, 

observed power = .98, ΔM = 24.46, 95% CI [12.21, 36.70]; 

Tests, F(1,57) = 31.51, p < .001, η
p
² = .356, BF

10
 > 100, observed 

power > .99, ΔM = 60.14, 95% CI [38.69, 81.59]; and, Tests  

Relevance, F(1,57) = 41.47, p < .001, η
p
² = .421, BF

10
 > 100, 

observed power > .99, ΔM = 51.03, 95% CI [35.16, 66.90]. 

Please refer to Figure 3 for an illustration of the problem-solving 

scenario score. The ANCOVA on averaged clinical reason-

ing skills score revealed a that the I-CVE group significantly  

outperformed the CVE-I group, F(1,57) = 29.11, p < .001,  

η
p
² = .338, BF

10
 > 100, observed power > .99, ΔM = 16.18, CI  

[10.18, 22.19]. Pre-intervention quiz score was moderately 

related to average clinical reasoning skills score, F(1,57) = 3.61,  

p = .062, η
p
² = .060, BF

10
 = 1.44, observed power = .46. Time 

was not significantly related to average clinical reasoning  

skills score, BF
10

 = 0.37. Please refer to Figure 4 for an  

illustration of the ANCOVA results for all CVE scenarios.  

Furthermore, please refer to Extended Data 5 (Fässler, 2022j) for  

descriptives of the ANCOVAs on all CVE scenarios.

Intermediate testing
The ANCOVA on intermediate declarative clinical knowl-

edge quiz score did not reveal a significant difference between  

groups, BF
10

 = 0.36 (Fässler, 2022d). Pre-intervention quiz 

score was not significantly correlated to post-intervention quiz 

score, BF
10

 = 0.67. Cronbachs’α for the declarative clinical 

knowledge quiz was .532, 95% CI [.278, .726]. Please refer to  

Figure 5 for an illustration for post-first learning activity and  

post-intervention quiz scores for declarative knowledge in all 

quizzes. The ANCOVA on intermediate conceptual clinical  

knowledge quiz score did not reveal a significant differ-

ence between groups, BF
10

 = 0.36. Pre-intervention quiz score 

was not significantly related to post-intervention quiz score,  

BF
10

 = 0.67. Cronbachs’α for the conceptual clinical knowl-

edge quiz was .508, 95% CI [.100, .990]. Please refer to  

Figure 6 for an illustration for post-first learning activity and  

post-intervention quiz scores for conceptual knowledge in all  

quizzes.

The MANCOVA on the intermediate scenario clinical reason-

ing skills revealed a significant difference in clinical reasoning 

skills score between groups, Wilk’s λ = .442, F(4,54) = 17.08,  

p < .001, η
p
² = .558, observed power > .99. Related univari-

ate ANCOVAs revealed that the CVE-I group significantly 

outperformed the I-CVE group in in Differential Diagnoses 

Selection, F(1,57) = 16.91, p < .001, η
p
² = .229, BF

10
 > 100,  

observed power = .98, ΔM = 19.33, 95% CI [9.92, 28.74]; Tests, 

F(1,57) = 25.76, p < .001, η
p
² = .311, BF

10
 > 100, observed 

power > .99 ΔM = 61.79, 95% CI [37.41, 86.17]; and Tests 

Relevance, F(1,57) = 56.90, p < .001, η
p
² =.500, BF

10
 > 100,  

observed power > .99, ΔM = 68.90, 95% CI [50.61, 87.19]. 

Please refer to Figure 7 for an illustration of the intermedi-

ate testing scenario scores. The ANCOVA on averaged clinical  

reasoning skills score revealed that the CVE-I group signifi-

cantly outperformed the I-CVE group, F(1,57) = 44.69, p < .001,  

η
p
² = .439, BF

10
 > 100, ΔM = 37.71, 95% CI [26.41, 49.00], 
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observed power > .99. Neither pre-intervention quiz score, 

BF
10

 = 0.63, nor Time, BF
10

 = 0.41.was significantly related to  

average clinical reasoning skills score.

Learning mechanisms (research question 1)
The ANCOVA on feedback response did not reveal a signifi-

cant difference between groups, BF
10

 = 0.28. The MANCOVA 

on learning mechanisms did not reveal any significant difference  

between groups. Univariate ANCOVAs confirmed this finding.

Isomorphic testing (research question 2)
The ANCOVA on isomorphic declarative clinical knowledge 

quiz score revealed a moderately significant difference between 

groups, F(1,58) = 3.70, p = .059, η
p
² = .060, BF

10
 = 1.16,  

Figure  3.  Clinical  Reasoning  Skills  Scores  in  the  Problem-Solving  Scenario.  The problem-solving phase clinical reasoning skills 
compares the scores of the first learning activity for the CVE-I group and of the second learning activity for the I-CVE group. Error bars 
represent standard error. * p ≤ .05, ** p ≤ .01, *** p ≤ .001.

Figure 4. Averaged Score of Clinical Reasoning Skills Factors  for Each Scenario. Error bars represent standard error. * p ≤ .05,  
** p ≤ .01, *** p ≤ .001.
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observed power = .92 (Fässler, 2022c). Pre-intervention quiz 

score was significantly related to post-intervention quiz score  

F(1,58) = 11.16, p = .001, η
p
² = .161, BF

10
 = 19.36, observed 

power = .91. Cronbachs’α for the declarative clinical knowledge 

quiz was .403, 95% CI [.094, .633]. The ANCOVA isomorphic  

conceptual clinical knowledge quiz score did not reveal 

a significant difference between groups, BF
10

 = 0.17. 

Cronbachs’α for the conceptual clinical knowledge quiz was  

.394, 95% CI [.004, .643].

The MANCOVA on the isomorphic scenario clinical rea-

soning skills scores did not reveal a significant difference 

between groups. The ANCOVA on averaged clinical reason-

ing skills confirmed this finding and did not reveal a significant  

difference between groups neither, BF
10

 = 0.34.

Near transfer testing (research question 3)
The ANCOVA on near transfer declarative clinical knowledge 

quiz score did not reveal a significant difference between groups, 

Figure 6. Post-intervention Quiz Scores of Conceptual Knowledge in all Modalities. Error bars represent standard error. * p ≤ .05, ** 
p ≤ .01, *** p ≤ .001 a Intermediate testing clinical knowledge was assesses after the respective first learning activity during the intervention 
phase.

Figure 5. Post- intervention Quiz Scores of Declarative Knowledge in all Modalities. Error bars represent standard error. * p ≤ .05, ** 
p ≤ .01, *** p ≤ .001 a Intermediate testing clinical knowledge was assesses after the respective first learning activity during the intervention 
phase.
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BF
10

 = 0.48 (Fässler, 2022b). Cronbachs’α for the declara-

tive clinical knowledge quiz was .541, 95% CI [.255, .075].  

The ANCOVA on near transfer conceptual clinical knowl-

edge quiz score did not reveal a significant difference between  

groups, BF
10

 = 0.68. Cronbachs’α for the conceptual clinical  

knowledge quiz was .427, 95% CI [.022, .649].

The MANCOVA on the near transfer scenario clinical rea-

soning skills scores did not reveal a significant difference 

between groups. The ANCOVA on averaged clinical reason-

ing skills score confirmed this finding and did not reveal a  

significant difference between groups neither, BF
10

 = 0.29.

Far transfer testing (research question 4)
The ANCOVA on far transfer declarative clinical knowl-

edge quiz score did not reveal a significant difference between 

groups, BF
10

 = 0.27 (Fässler, 2022a). Cronbachs’α for the  

declarative clinical knowledge quiz was .405, 95% CI [.060, 

.662]. The ANCOVA on far transfer conceptual clinical knowl-

edge quiz score did not reveal a significant difference between 

groups, BF
01

 = 0.32. Cronbachs’α for the conceptual clinical  

knowledge quiz was .330, 95% CI [.002, .761].

The MANCOVA on the far transfer scenario clinical reason-

ing skills scores did not reveal a significant difference between 

groups. The ANCOVA on averaged clinical reasoning skills 

score confirmed this finding and did not reveal a significant  

difference between groups neither, BF
10

 = 0.28.

Discussion
In the present study we aimed to examine the effect of  

problem-solving in CVEs on (a) clinical knowledge and  

clinical reasoning skills isomorphic testing and transfer outcomes  

(b) and evoked learning mechanisms when combined with direct  

video instruction in different sequences.

Problem-solving phase clinical reasoning skills analysis 

revealed that I-CVE group significantly outperformed the  

CVE-I group in all clinical reasoning skills factors. This is 

a plausible finding because for the I-CVE group the CVE  

problem-solving was the second learning activity. Hence, the 

topic was not new for this group. Consequently, this group could 

work better through the patient scenario by referring to the 

knowledge, procedures, and concepts taught in the preceding 

lecture. This resulted in an advantage for the I-CVE group to 

perform better in this specific scenario. On the other hand, the 

CVE-I group could not refer to any instruction and were forced to  

explore the stated problem more to make sense of it.

Intermediate clinical knowledge analysis revealed no signifi-

cant difference between groups, neither for declarative nor for 

conceptual clinical knowledge. Hence, both learning activities  

individually might be equally effective for learning clinical 

knowledge. Furthermore, the absence of a significant differ-

ence in the post-first learning activity quiz scores with a BF
10

  

of smaller than 1 indicates that the same content knowledge is 

taught in both learning activities. Referring to the taxonomy 

Figure 7. Clinical Reasoning Skills Scores Among Groups  in the Intermediate Testing Scenario. The intermediate scenario CRS 
compares the scores after the respective first learning activity for each group. This was CVE problem-solving for the CVE-I group and direct 
instruction for the CVE-I group. Error bars represent standard error. * p ≤ .05, ** p ≤ .01, *** p ≤ .001.
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of Barnett & Ceci (2002) this also suggests that both learn-

ing activities might improve representation accuracy of clinical  

knowledge.

Intermediate clinical reasoning skills analysis revealed that 

the CVE-I group outperformed the I-CVE group in three  

out of four clinical reasoning factors. This is a reasonable 

finding because the intermediate testing took place after the  

respective first learning activity and the I-CVE group could 

only relate to theoretical knowledge because they went through 

direct instruction first. However, the CVE-I group could refer 

to experiences and feedback in the problem-solving scenario.  

Even though the same content knowledge was taught in both 

learning activities (see above) the CVE-I group performed  

significantly better than the I-CVE group. This finding indi-

cates that problem-solving in CVE simulations might be more 

effective for learning clinical reasoning skills than theoreti-

cal instruction. Referring to the taxonomy of Barnett & Ceci  

(2002) this also suggests that problem-solving in CVE simu-

lations might improve the approach to differential diagnosis  

principles better than mere instruction.

Isomorphic, near transfer, and far transfer clinical knowledge 

and clinical reasoning skills analyses revealed no significant  

difference between the two learning activity sequences. These  

findings support our hypotheses 2.1 – 4.2. Referring to the tax-

onomy of Barnett & Ceci (2002) these findings also suggests 

that neither learning activity sequences is statistically superior 

to the other for improving representation accuracy of clinical  

knowledge and approach to differential diagnosis principles.

At this stage we would also like to refer on aspects of mul-

timedia learning which can be described as a form of  

computer-aided instruction that uses visual and audio modali-

ties concurrently. This is because students were heavily engaged 

in multimedia presentations through their problem-solving  

activity in the CVE simulations. Particularly, we focus on one 

of the principles of multimedia learning established by Mayer  

(2009) and its application in computer games and simula-

tions for instruction (Mayer, 2021). Mayer’s principles sug-

gest how to design multimedia materials to effectively enhance  

learning. Notably, these suggestions heavily rely on aspects of 

the cognitive load theory (Sweller, 1988), aiming to minimize 

extraneous and optimize intrinsic and germane cognitive load.  

Considering learning activity sequencing, the pre-training princi-

ple might be particularly important to explain the lacking differ-

ence between the experimental groups in the post-intervention  

testings. The pre-training principle indicates that students 

learn more sustainably from multimedia materials when they  

are familiar with the main concepts (Mayer, 2009). This is 

because the complexity of information in a new multimedia 

message might overwhelm novice students due to cognitive  

overload (Mayer, 2009). Particularly, such an overload might 

occur in fast-paced narrated animations in which students have 

to construct a mental causal model of the explained concept 

and the concept’s key components. Related thereto, Mayer &  

Fiorella (2021) indicate that a pre-training (such as a short 

instruction) can help the processing of essential information 

in a simulation or game by distributing the cognitive demands. 

Notably, the pre-training is stated be associated with prior  

knowledge activation (Mayer & Fiorella, 2021). Consequently, 

both approaches, multimedia learning and PS-I, are effec-

tive due to some preparatory activity to learn from a subse-

quent activity where this preparation might be caused through  

the activation of prior knowledge (for PS-I, c.f. Loibl et al., 

2017) and modulation of cognitive load. However, the dif-

ference is that research on multimedia learning claims some 

sort of instruction to be the preparatory activity for learning 

from subsequent educational games and simulations (Mayer &  

Fiorella, 2021). On the other hand, research on PS-I claims some 

problem-solving (which in our study was game-/simulation-

based) to be the preparatory activity for subsequent instruction  

(Sinha & Kapur, 2021b). Both approaches have their merits 

as the effectiveness of both have been shown in several stud-

ies. However, in relation to our study the positive effects of both  

approaches might have cancelled each other out which finally 

ended up in no learning activity sequence to be superior to 

the other. This is because CVE-I can be rather associated with  

the PS-I approach, whereas I-CVE rather corresponds to 

the concept of multimedia learning. Please refer to section 

“Limitations and future work” for further elaboration on the  

missing differences in post-intervention testings.

Our findings indicate that problem-solving in CVE simula-

tions might be more effective for learning clinical reasoning 

skills than mere theoretical instruction. Furthermore, despite  

more failure during preparatory problem-solving, students in 

the CVE-I condition develop better clinical reasoning skills 

after the preparatory problem-solving phase compared to stu-

dents who merely receive instruction on canonical concepts. 

However, these differences did not translate to post-intervention  

differences in isomorphic and near and far transfer testing.

Limitations and future work
First, learning mechanisms analysis did not reveal any significant 

differences between groups. These findings support our hypoth-

eses 1.1 – 1.5. Because these mechanisms have been posited  

to be associated with preparatory effects for subsequent instruc-

tion (Sinha et al., 2020), results of the present study suggest 

that neither intervention group was prepared better than the  

other for the respective second learning activity. Finally, this 

might be one cause that none of the two intervention groups 

was able to outperform the other. An obvious option to mod-

ify learning mechanisms induction would be to adapt the 

learning activities. First, this might be implemented through  

non-canonical problem-solving (Loibl & Rummel, 2014) as for 

example less facilitation, guidance, or feedback provision. Sec-

ond, direct instruction might include contrasting examples to  

the canonical solution (Loibl & Rummel, 2014).

Second, our findings might be explained by three principles 

which were indicated to make PS-I superior to I-PS (Sinha  

& Kapur, 2021b). Notably, these principles were not met in 

the CVE-I condition. Even though not meeting these crite-

ria was not detrimental for learning it might have prevented the  

CVE-I (PS-I) group from outperforming the I-CVE (I-PS)  
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group. First, the CVE problem-solving phase was of heavily 

scaffolded nature due to the predefined process and the  

provided instant feedback. Hence, students were guided to the 

canonical solution in the CVE problem-solving phase already. 

Second, the instruction phase did not build on the solution  

attempts the students created in the CVE phase. Third, the  

instruction phase was represented by a monologue lecture.  

Based on meta-analytic work by (Sinha & Kapur, 2021b), 

these three principles as applied in our study are in contrast 

with common effective PS-I designs where (a) lower levels of  

scaffolding in the problem-solving phase, (b) building on the  

students’ problem-solving solutions in the instruction phase, 

and (c) a dialog-dominant nature of the instruction phase 

have been found to be important aspects which make PS-I  

superior to I-PS. Consequently, one possibility to lower the  

level of scaffolding is to omit the provision of feedback or  

change its timing.

Third, we would like to conceive the work of Kapur (2011) 

about facilitation during problem-solving prior to instruction. 

In his study, Kapur (2011) compared complex problem-solving  

without instructional facilitation to such problem-solving with 

facilitation and a traditional lecture-and-practice approach.  

Notably, CVE-I as applied in our design might represent facili-

tated complex problem-solving as there is provided feedback 

during the CVE problem-solving phase. On the other hand,  

I-CVE might represent the traditional approach where an 

instruction is followed by facilitated problem-solving. Kapur  

(2011) found no significant differences between facilitated com-

plex problem-solving prior to instruction and the traditional 

lecture and practice approach on learning outcomes such as  

well-structured and higher-order application problems. Nota-

bly, this is what we found in our study too. There was no sig-

nificant difference between the CVE-I and I-CVE group in 

any of the assessed learning outcomes after the intervention.  

Nevertheless, Kapur (2011) and Loibl & Rummel (2014) 

both emphasized that in PS-I, guidance during the initial  

problem-solving phase might lead to better performance directly 

after problem-solving compared to no guidance. However, this 

better initial superiority finally does not prepare students to  

learn better from a subsequent instruction. Aligning this  

suggestion with the findings of our study (that there was no sig-

nificant difference between groups in post-intervention testing)  

might indicate that even though CVE-I students were fail-

ing in the problem-solving phase (this is because their scores 

in the problem-solving scenario were much lower than in 

the isomorphic testing scenario and lower than those in the  

problem-solving scenario of the I-CVE students), they were 

not prepared well enough to learn sufficiently from the  

subsequent instruction to finally outperform the I-CVE 

group. Hence, neither group was prepared better than the 

other to learn from the respective second learning activity.  

Consequently, from this accordance to the work of Kapur (2011) 

and Loibl & Rummel (2014). We deduct that the facilitation 

during initial problem-solving might a considerable factor 

that CVE-I was not superior to I-CVE. Consequently,   

reducing facilitation in the problem-solving phase might lead to 

better learning outcomes.

Fourth, outside of the PS-I approach, several variables have 

been shown to influence the effectiveness of formative  

feedback on learning (e.g., Shute, 2008). Particularly, the research  

of Ambrose et al. (2010) on feedback in simulations indi-

cated that the ideal timing of feedback cannot be determined by 

any general rule. However, research addressing the timing of 

formative feedback during problem-solving specifically in the  

PS-I design is limited. Nevertheless, research focuses on scaf-

folding and guidance in the problem-solving phase prior to 

instruction in general. For example, in their recent meta-analysis  

about preparatory approaches for future learning, Sinha & 

Kapur (2021c) compared standard problem-solving prior to 

instruction approaches with such approaches that specifically 

consisted scaffolded problem-solving phases. They indicated 

that scaffolded problem-solving, including strategy/outcome  

feedback, can be regarded as a more substantial preparation for 

subsequent instruction because of deliberate student involve-

ment in solution creation and revision. Connecting feedback 

to scaffolding, feedback is touted as one form of guidance that 

may be particularly effective. Based on their meta-analysis, 

Alfieri et al. (2011) recommended specifically timed feed-

back provision as an optimal form of guidance. Although the  

research above is not directly related to timing of feedback in a 

problem-solving prior to instruction approach and to the field 

of medical education and differential diagnosis, the literature 

above suggests that different timings of feedback during prob-

lem-solving might lead to different outcomes on learning, such 

as knowledge and skills acquisition and transfer. Consequently, 

future research might specifically address the timing of provided 

formative feedback during the problem-solving phase in the  

PS-I instructional design and investigate the corresponding  

effect on learning mechanisms and specific learning outcomes.

Finally, our results should be considered with caution as the 

standard errors are rather high. Hence, for future research,  

bigger sample sizes are needed. Furthermore, we did not  

consider retention of clinical knowledge and clinical  

reasoning skills in our study. Investigating long term effects the 

two learning activity sequences might be important because  

long-term effects of learning outcomes might be different  

from short-term effects in PS-I instructional designs (e.g.,  

Ziegler et al., 2021) Consequently, in future studies delayed  

post-intervention tests should complement the design of the  

present study.

Conclusion
For the majority of our post-intervention measures, we did 

not find significant differences between the CVE-I and I-CVE 

group. Consequently, neither of the learning activity sequences 

fosters the acquisition or near and far transfer of clinical  

knowledge and clinical reasoning skills better than the other. 

When looking at the two learning activities individually, we 

found that problem-solving in CVE as well as direct instruction 

are equally effective for learning content knowledge. However,  

problem-solving in CVE with formative feedback might be 

more effective for learning clinical reasoning skills than mere  

instruction. Our study has a high level of ecological validity because 
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it took place in a realistic setting where students had to perform all 

tasks from home. Distant learning will play an even more impor-

tant role in the future where students are required to work autono-

mously.
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an introduction does not have to provide all arguments in their full extent, I would have 
expected a bit more elaborated discussion here. For instance, why are PS-I approaches 
better than instruction-first approaches for the educational setting the authors are 
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mechanisms. To the best of my knowledge, providing feedback during the problem-solving 
phase is not foreseen in PS-I and as PS-I results seem to be the main theoretical/empirical 
framework here, this aspect needs more attention. This might be best placed in a (to be 
added) limitation section. If the authors decide to integrate a limitation section (what I 
highly recommend), there are further limitations which might be interesting to discuss, for 
instance the online format of the study or the domain of the learning materials as well as 
the targeted knowledge. Also, I would like to see a discussion whether PS-I effects can be 
compared to the learning setting presented here. For instance, a discussion of PS-I fidelity 
criteria based on the authors previous work might be a suitable approach addressing this. 
This can be either done in the discussion or limitation section. 
 

4. 

I would have expected a report of estimated statistical power for the main hypotheses tests, 
for instance in the analysis plan. I would like to ask the authors to provide these analyses 
(either post-hoc or - if previously performed - a priori). 
 

5. 

May add a figure/illustration of the experimental procedure. Even if the procedure is nicely 
described, this might help readers to get an easier access to the essential phases of the 
experiment. Also, pictures/screenshots of the used virtual learning platform might nicely 
illustrate the learning scenario. 
 

6. 

Parameters to determine the reliability of the measurements (e.g., internal consistency) 
were not provided. I would like to ask the authors to add Cronbach's alpha (or comparable 
parameters) for all scales used. 

7. 

MedEdPublish

 
Page 20 of 25

MedEdPublish 2023, 12:61 Last updated: 05 DEC 2023



 
The hypotheses might be better introduced by presenting them explicitly. In the current 
state, the hypotheses are rather passively presented. This might be done in an own section 
prior to the analysis plan or alternatively as a part of the analyses plan, that is, where 
specific hypotheses tests were discussed in detail. 
 

8. 

In the method section, the authors state: “However, we did not exclude any student from 
the analysis because multiple imputation did not have a significant influence on the results.” 
Even if I (intuitively) agree with the authors conclusion, I would have expected a bit more 
information on the imputation method and why the authors argue that the imputation did 
not have a significant influence. This aspect would be sufficiently addressed by some further 
information on the authors perspective on this issue. 
 

9. 

Finally, I would like to note that I agree with the other reviewer's comment on the analyses 
used, i.e., the suggestion to rely on ANCOVAs for the analyses. I would like to add one point 
to this. I wonder why so many covariates were used? Are the conditions for considering 
covariates violated or appropriate for all of them, e.g., do all covariates correlate with the 
outcome (equally in both conditions) or are the means of the covariates for both conditions 
equivalent? I am aware that this is a controversial methodological discussion, and based on 
the current presentation, I find the authors' analyses sound. However, I would encourage 
the authors to provide a little more information regarding the requirements of the use of 
covariates (either through a response to my comment or in a footnote to the table in the 
manuscript). In the event that the conditions for integrating individual covariates are 
violated (which I do not anticipate) and the authors find this problematic, they should 
consider removing affected covariates from the analyses, as this could potentially decrease, 
rather than increase, the interpretability of the ANCOVA results. For a discussion, see: 
Culpepper, S. A., & Aguinis, H. (2011). Using analysis of covariance (ANCOVA) with fallible 
covariates. Psychological Methods, 16(2), 166-178. https://doi.org/10.1037/a00233551.

10. 
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I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 23 Dec 2022
Christian Fässler 

Dear Mr Hartmann! Thank you very much for your efforts and useful comments and suggestions! 
Thank you for this useful hint! We omitted all abbreviations in the text except of 
“CVE”, “PS-I”, and “I-PS”. This is because these terms occur very frequently and we 
think is too cumbersome to read them out each time. 
 

1. 

Thank you! We restructured the introduction and elaborated more on this topic for 
better clarifying this. 
 

2. 

Thank you! We adapted accordingly and included a discussion about multimedia 
learning. 
 

3. 

Thank you! We discussed on the PS-I fidelity criteria. However, we included more 
points for discussion to reflect more about respective PS-I mechanisms, but also 
feedback. Furthermore, we added a limitations section which might help for better 
understanding and clarification. 
 

4. 

This makes sense, thank you! We added post-hoc statistical power values for each 
analysis. 
 

5. 

In the text we were referring to the Extended Data where these figures could be 
found. However, now they are part of the main article. 
 

6. 

Thank you! We added information about Cronbach’s alpha. 
 

7. 

Thank you! Yes, this makes the text and discussion clearer. We added the stated 
research questions and related hypotheses. For deriving the hypotheses, we also 

8. 
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added a whole section with past research on the topic of PS-I, problem-solving 
interventions in medical education, etc. Accordingly, we also included them 
specifically in our discussion. 
 
Thank you! For better supporting our statement we added some sentences to 
describe our procedure. Furthermore, we provided an additional Extended Data file 
which illustrates the observed and imputed values for incomplete datasets. 10. Thank 
you! Please refer to our answer to the first comment of Mr. Lennart Schalk 
(reviewer 1).

9. 
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© 2022 Schalk L. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Lennart Schalk   
Institute for Research on Instruction and Subject-Specific Education, PH Schwyz, Goldau, 
Switzerland 

Generally, I believe this study comparing two sequences of learning with regard to the core 
disciplinary practice of differential diagnosis is well-described. It follows a strict and clear 
methodology, and the conclusions are mostly justified. However, I have one bigger issue (or 
maybe, it is rather a question for clarification or justification) with the statistical analyses and some 
minor issues that justify why I currently only approve the paper with reservations. 
 
Issue regarding the statistical analyses: 
 
For most of the key hypotheses regarding learning gains, both repeated measures (rm) ANOVAs 
and ANCOVAs are conducted. What information does the rm ANOVA add? Please see Huck & 
McLean (1975)1 for a discussion of rm ANOVAs vs. ANCOVAs vs. change score models. If an rm 
ANOVA is included in the results section, then the target effect would be the interaction (which is 
never reported). However, I see the ANCOVA to be more suitable for the present study, especially 
since the main effects of the rm ANOVA are not decisive. For example, the main effect of time (pre- 
vs. post-test) is difficult to interpret. It may reflect learning, but it may also simply reflect repeated 
testing (this possibility cannot be ruled out with the present design since there is no baseline 
condition without a learning intervention). So, if the rm ANOVA results remain included, then the 
effects of the interaction must be added. But it may be possible to shorten and simplify the results 
section by relying on ANCOVAs only. I would like the authors to consider these options and justify 
their plan for statistical analyses accordingly. 
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Minor issues: 
 
First, I think that dichotomizing transfer into near and far is an oversimplification (see p. 3). I 
suggest describing the transfer distance more precisely by utilizing the transfer dimensions 
described by Barnett and Ceci (2002)2. 
 
Second, there is a sentence in the discussion (p. 10) starting with "The lacking difference in 
triggered..." which I do not understand. Please consider rewriting. 
 
Third, the authors should be a little bit more cautious in one part of the discussion. They write: "
Our findings indicate that only the CVE learning activity imparts CRS and that CRS cannot be taught by 
theoretical instruction only." (p. 10). Since there is no baseline, one cannot say CRS cannot at all be 
taught by the I part of the I-CVE sequence. Indeed, there are advantages for CVE-I, but they are 
only advantages and these advantages only emerge in specific CRS factors. 
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I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 23 Dec 2022
Christian Fässler 

Dear Mr Schalk! Thank you very much for your efforts and useful comments and suggestions! 
 
Issue regarding the statistical analyses: 
 
Thank you very much for this useful comment! First, we included RM ANOVAs they are 
explicitly accounting for within-subject variability (separating it into signal and noise). 
Conversely, the regular between-subject ANOVA just treats all within-subject variability as 
error. Consequently, a repeated-measures ANOVA is making the signal stronger (by 
reducing overall noise). However, the second (and more relevant) reason why we used the 
RM ANOVA is that we were able to identify whether the learning activity sequences and the 
learning activities individually are effective in fostering learning at all (pre-post 
comparisons) and not only to compare the learning activity sequences with each other. One 
finding was possible only due to the application of the RM ANOVA was the issue was 
intermediate testing analysis from which we could draw that both learning activities are 
effective for learning declarative knowledge. This would not have been possible by only 
applying ANCOVAs. Even though this finding is not directly related to one of the research 
questions (which investigate differences between intervention groups), we think this is an 
insightful finding because most post-intervention comparisons remained non-significant. 
Nevertheless, we agree on relying to ANCOVAs only because there were no significant 
interaction effects in the RM ANOVAS, neither for intermediate, isomorphic, near transfer, 
nor far transfer declarative and conceptual clinical knowledge. Furthermore, and this is in 
alignment with comment 10 of the second reviewer, we ran new ANCOVA analyses where 
we excluded most covariates which were originally included and controlled for prior 
knowledge only. This is because, after all, all variables (except of prior knowledge) are part 
of the manipulation. Additionally, we reported statistical power for all analyses. 
 
Minor issues:

Thank you very much for the detailed distinction of various distances of transfer 
provided in the stated reference! We added a whole section to elaborate on this. 
 

1. 

Thank you for the hint! We adapted accordingly. 
 

2. 

Thank you! We agree with your argumentation and adapted the respective sections 
accordingly.

3. 
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