
Chapter 9
Live and Video Simulations of Medical
History-Taking: Theoretical Background,
Design, Development, and Validation of a
Learning Environment

Maximilian C. Fink, Victoria Reitmeier, Matthias Siebeck, Frank Fischer,
and Martin R. Fischer

This chapter’s simulation at a glance

Domain Medicine
Topic Dyspnea diseases occurring in an emergency room setting
Learner’s task Take a full medical history in the role of a physician to diagnose

patients with dyspnea
Target group Advanced medical students and early-career physicians
Diagnostic mode Individual diagnosing
Sources of
information

Information is primarily gathered in interaction with the (video)
patient. Some prior information (e.g., laboratory and ECG
results) is provided by documents

Special features The content was created for both live and video simulations

9.1 Introduction

History-taking is an essential diagnostic situation for physicians for two reasons.
According to a recent literature review, 60–80% of relevant information in medical
diagnosing emerges from history-taking (Keifenheim et al., 2015). Moreover, about
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two-thirds of all medical diagnoses can be made accurately after taking a patient’s
history (Peterson et al., 1992). Even though history-taking is of such great impor-
tance, intermediate students still experience difficulties in conducting comprehen-
sive medical interviews for the purpose of diagnosing (Bachmann et al., 2017).
Meta-analytic findings indicate that simulation-based learning conveys diagnostic
competences effectively if adequate instructional support is offered to learners (Cook
et al., 2010, 2013). Instructional support measures such as reflection phases and role-
taking seem promising for fostering diagnostic competences in history-taking situ-
ations because they are beneficial for acquiring complex skills in other contexts
within medical training (Stegmann et al., 2012; Mamede et al., 2008). Presently,
however, only limited empirical findings are available concerning facilitating diag-
nostic competences in history-taking simulations via these two instructional support
measures (Keifenheim et al., 2015). Thus, this project aimed firstly to develop
realistic history-taking simulations for the assessment of diagnostic competences.
In a second step, this project will use these simulations in future studies that vary
reflection phases and role-taking. Dyspnea (shortness of breath) was chosen as the
key symptom of the cases in the simulations.

9.2 Theoretical Background

9.2.1 Definition and Models of the Medical Interview

The medical interview is a dynamic encounter in which a physician and a patient
interactively construct the patient’s medical history together (Haidet & Paterniti,
2003). This process is called history-taking. History-taking can be supported with
assistive resources (e.g., history-taking forms), and takes place in all medical
specialties with direct patient contact in diverse care contexts, including emergency
medicine, family medicine and psychiatry (Keifenheim et al., 2015). According to
popular models of history-taking (Bird & Cohen-Cole, 1990; Smith et al., 2000;
Rosenberg et al., 1997; Kurtz et al., 2003), the medical interview can be conceptu-
alized on a continuum from patient-centered to physician-centered. In patient-cen-
tered medical interviews, the patient’s psychological and social context is explored
more extensively and the patient steers parts of the conversation (Henderson et al.,
2012). In physician-centered interviews, by contrast, the patient’s physical symp-
toms are in focus and the physician leads the conversation. The medical interview
can perform a wide range of communicative functions, including gathering data and
making diagnoses, educating and making decisions, and establishing rapport (Roter
& Hall, 1987; Jefferson et al., 2013). Depending on the specific context of a medical
interview (e.g., an emergency room vs. a routine checkup), a patient-centered or
physician-centered approach with the aforementioned communicative functions
might be more relevant (Keifenheim et al., 2015). As this project applies an
experimental paradigm and focusses on the simulation-based assessment and train-
ing of diagnostic competences in emergency room dyspnea cases, a physician-
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centered approach emphasizing the functions of gathering data and making diagno-
ses seems most suitable.

9.2.2 Diagnostic Competences in the Medical Interview

Diagnostic competences have been described on an abstract level using the frame-
work presented in Chap. 2 (Chernikova et al., 2022) and will be specified here in the
context of this project.

In all diagnostic settings, diagnostic quality is comprised of diagnostic accuracy
and diagnostic efficiency. Diagnostic accuracy generally depends on the correctness
of the diagnosis as well as its justification—reasoning for and against the main
diagnosis. As it is often not possible to rule out all differential diagnoses in a medical
interview without further examinations (Petrusa, 2002), the diagnosis and associated
justification may be considered preliminary. Efficiency in history-taking is based not
only on time spent, but also on the amount of relevant data gathered in this time and
the cost and adverse effects of the examinations and interventions ordered.

The diagnostic process can be operationalized in this context primarily via the
diagnostic activities of generating hypotheses, generating and evaluating evidence
and drawing conclusions. Hypotheses are frequently formed at the beginning of the
medical interview using the patient’s background information and initial complaint
and are updated over the course of the interview (Pelaccia et al., 2014). Evidence
generation takes place in history-taking primarily through asking questions but also
includes interpreting visible signs (e.g., paleness as a symptom for pulmonary
embolism) and acquiring necessary background information. In the medical inter-
view, evidence evaluation is the analysis of the evidence contained in the back-
ground information, the signs and symptoms and the patients’ answers. The validity
and reliability of the different pieces of evidence can differ significantly and must be
determined on a case-by-case basis (Redelmeier et al., 2001). In history-taking, the
reliability and validity of evidence can be particularly threatened when information
is sensitive or difficult for patients to remember and comprehend. For instance, some
patients with extensive medical knowledge present a meticulous documentation of
the medication they have taken in the last year in the medical interview, while other
patients with low medical knowledge experience difficulties remembering important
medication they are currently taking. Drawing conclusions involves weighing the
generated and evaluated evidence to make a decision. The result is the creation of a
diagnosis and a justification.

According to the theoretical framework presented by this research group, indi-
vidual prerequisites predict the diagnostic quality and diagnostic process. In the
context of the medical interview, the professional knowledge base is a key compo-
nent of these individual prerequisites (Stark et al., 2011; Förtsch et al., 2018) and can
be differentiated into conceptual and strategic knowledge (Schmidmaier et al., 2013;
Kopp et al., 2008). Conceptual knowledge is defined as “knowledge about the
declarative textbook facts” (Schmidmaier et al., 2013, p. 2), while strategic
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knowledge “comprises knowledge about problem-solving strategies and heuristics
in the process” (Schmidmaier et al., 2013, p. 2). Both types of knowledge, which
form the professional knowledge base relevant for the simulation we present in this
chapter, include content on diseases that may cause dyspnea as well as content
related to conducting the medical interview.

9.2.3 Simulation-Based Learning and Assessment
of History-Taking

We propose that history-taking can be facilitated and assessed with live simulations,
video simulations and role-plays. Live simulations employ standardized patients
who have been systematically trained to act as patients and display symptoms of
diseases authentically (May et al., 2009). Video simulations include interactive
videos of patients displaying symptoms. User input can take place through a menu
or through free text input that is analyzed automatically, e.g., with natural language
processing methods (Cook et al., 2010). In role-plays, students receive a script and
play the roles of a physician, patient, and observer according to the script (Joyner &
Young, 2006). Each of these simulation modalities has certain advantages and
disadvantages in medical training. While live simulations are highly interactive,
they require a great deal of administrative effort and produce ongoing high costs.
Video simulations are expensive at the time of construction but can then be used
indefinitely in digital learning environments without new expenditure. Role-plays
are inexpensive but require participants to prepare well before taking part.

As seen in Chap. 2 (Chernikova et al., 2022), theoretical arguments and empirical
evidence indicate that simulation-based learning with instructional support is a
promising method for facilitating diagnostic competences. With regard to
simulation-based learning in history-taking situations, 17 studies had been
conducted by the time an extensive literature review appeared in 2015 (Keifenheim
et al., 2015). Even though most of these studies reported positive effects of educa-
tional interventions, the literature review had limitations. Many of the included
studies combined numerous educational interventions (e.g., lectures and small
group work), focused on communication skills as an output measure or did not
include a performance measure of diagnostic competences in the posttest. Specific
results for reflection phases and roles are still not available for this context.

Live simulations have been used to assess performance in medicine for decades
(e.g., Harden & Gleeson, 1979), and computer-based simulations have become
increasingly popular (Ryall et al., 2016). The literature agrees that simulation-
based assessment can be reliable and predict clinical performance (Ryall et al.,
2016; Petrusa, 2002; Edelstein et al., 2000). However, the reliability and validity
of the assessment depend on factors such as the authenticity and standardization of
the simulated situation and patient, the choice of scoring algorithms and determina-
tion of expert solutions, and the sampling and number of cases (Petrusa, 2002;
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Weller et al., 2005; Clauser & Schuwirth, 2002). In general, it is recommended to
use multiple, authentic and well-operationalized cases for assessment and to com-
plement simulation-based assessment with other measures such as knowledge tests
(Ryall et al., 2016).

9.2.4 Design, Development and Validation Process Objectives
and Research Questions

The project focused in this phase on the creation and validation of live simulations
and video simulations as assessment instruments. The main research questions were:
Are live and video simulations valid and reliable assessment tools? [RQ 1], Are live
and video simulations experienced as authentic? [RQ 2], and Are conceptual and
strategic knowledge tests predictive of diagnostic quality? [RQ 3].

9.2.5 Simulation Design and Development

The project team consisted of two professors of medicine with expertise in medical
education, one professor of educational psychology, a licensed physician and a Ph.
D. student in learning sciences. The physician was mainly responsible for creating
the content of the simulations and knowledge tests. The Ph.D. student primarily had
the task of designing and conducting the experimental study. The professors
acquired funding, supervised the physician and the Ph.D. student and offered
feedback and advice on their academic work.

In a first step, dyspnea, the subjective feeling of shortness of breath, was selected
as a cardinal symptom because it is one of the most common presentations in
emergency rooms and GP practices (Berliner et al., 2016). A blueprint was drafted
that specified the diagnoses of three training and six assessment cases. Two of the
training cases focused on cardiac insufficiency and pulmonary embolism, while for
one training case the diagnosis was COPD. Four of the six assessment cases
involved specific types of cardiac insufficiency and pulmonary embolism (near
transfer), while for two cases the diagnoses were hyperventilation and pneumonia,
which are not similar to any training case (far transfer). Next, a case scenario was
created to determine the structure and sequence of all cases. All cases would start
with key prior information (such as a pathological laboratory test result or an ECG)
and a presentation of the chief complaint by the patient. Then, the cases would
proceed and be followed by 8 min of history-taking during which the participant
could ask or select questions independently. In this phase, participants would mainly
conduct a physician-centered interview, asking or selecting general screening ques-
tions (e.g., “Is this the first time you are encountering this problem?”) and specific
questions to test certain diagnoses (e.g., “Have you had swollen legs?”). The
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questions covered the history-taking categories of principal symptoms, past medical
history, allergies and current medication, social and family history and system
overview and were based on a classification by Bornemann (2016). Then, students
would provide a diagnosis and a justification in a case summary. Figure 9.1 depicts
the simulation scenario, including the length of its elements and relevant processes
(for more information, see the next section).

Developing a foundation for the live and video simulations, the licensed physi-
cian first created a set of history-taking questions as well as nine case vignettes. To
create video simulations, a computer scientist programmed a video simulator with a
menu and integrated it into the e-learning platform CASUS 3.0 (Instruct, 2018).
Professional actors were filmed acting out the cases as standardized patients in a
clinical setting and the videos were cut and embedded in the simulator. To produce
live simulations, an experimental protocol was created that outlined the behavior of
standardized patients and experimenters. The actors were trained to act out the case
in face-to-face encounters and individual coaching was offered by the licensed
physician. The simulations were conducted in a simulation center at the University
Hospital of LMU Munich in Germany that offered three test rooms with a stretcher
for the live simulations as well as a computer room for the video simulations and
pretest. The final live simulation is displayed in Fig. 9.2 and the final video
simulation in Fig. 9.3.

Fig. 9.1 Simulation scenario
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9.2.6 Test Design and Development

To measure diagnostic competences according to the framework described in
Chap. 2, separate measures for diagnostic quality, the diagnostic process and the
professional knowledge base were created.

Diagnostic quality was assessed with a case summary after each case. Participants
listed the final diagnosis in the case summary and provided a justification for this
diagnosis. Moreover, participants listed further examinations and treatments. The
final diagnosis was chosen from a long menu (i.e., an auto-complete search list that
contained many possible diagnoses) and the justifications, examinations and treat-
ments were entered in a text field. Diagnostic accuracy was calculated by adding up
partial scores for the final diagnosis (incorrect vs. partially correct vs. correct). The
justification for the diagnosis was determined by the percentage of correct reasons
mentioned out of all correct reasons for a case defined in the expert solution. Both of

Fig. 9.2 Live Simulation of History-taking

Fig. 9.3 Video Simulation of History-taking
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these facets of diagnostic accuracy were coded based on the learners’ answers by two
physicians with a scoring rubric.

Diagnostic processes were tracked in video simulations with log files and in live
simulations with video recordings. Video simulation data was coded automatically
using R scripts. Live simulation data was coded by trained student assistants with a
scoring rubric. In both types of simulations, tracked behaviors and their timestamps
facilitated detailed analyses of the diagnostic activities. For instance, we investigated
evidence generation in depth by analyzing the number and relevance of questions
selected.

To measure the professional knowledge base, a conceptual and strategic knowl-
edge test was created. These knowledge tests were based on the conceptualizations
of professional knowledge by Förtsch et al. (2018) and Fischer et al. (2005). The
conceptual knowledge test contained 39 questions and covered symptoms, etiology,
therapy and further diagnostics and interventions for dyspnea. The questions used
were extracted from a professional database for examinations. This knowledge test
encompassed multiple-choice questions with a varying number of correct answers.
The strategic knowledge test consisted of 10 key feature cases (i.e., short case
vignettes that contain crucial clinical problems, see Hrynchak et al., 2014) on the
topic of dyspnea that were developed by the physician as part of the project. Each
case vignette contained four questions on the diagnosis, history-taking, treatment
and further diagnosis.

9.2.7 Cooperation with Other Projects

The materials presented above were developed in collaboration with another project
on facilitating cooperative medical diagnosing competences (Radkowitsch et al.,
2022). Both projects developed comparable simulation blueprints and used the same
case summary. The strategic and conceptual knowledge tests were structured in a
similar way. Close collaboration also took place with yet another project on diag-
nostic competences in the diagnostic interview in mathematics education
(Marczynski et al., 2022). This collaboration was mainly related to creating the
live simulation. In both projects, similar blueprints were created before writing the
case vignettes. Standardized patients and students were trained comparably. Mea-
sures of diagnostic accuracy and diagnostic processes were operationalized in a
similar way in both projects.

9.2.8 Validation Process

A pilot study, an expert workshop and a validation study were conducted to evaluate
topics such as the usability, authenticity and correctness of the simulations and tests
and to make revisions.
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A sample of N ¼ 12 medical students took part in the pilot study. The video
simulation in the pilot study involved a prototype of the video simulator
programmed by the first author and the live simulation employed trained student
assistants as actors. Participants diagnosed one case in the video simulation and one
case in the live simulation; the sequence of the simulations was randomized. Initial
results of the pilot study showed that participants displayed slightly higher diagnos-
tic accuracy in video simulations than in live simulations, and that live simulations
were perceived as more authentic than video simulations (Fink et al., 2018). Because
of technical problems with the video simulation, a computer scientist produced a
professionally programmed video simulation for the validation study. It also became
evident that non-professional actors in the live simulation did not act in a highly
standardized and authentic way. Therefore, professional actors with experience as
standardized patients rather than student assistants were trained to act in the live
simulation for the validation study.

To evaluate the authenticity and difficulty of the nine developed case vignettes, an
expert workshop with N ¼ 8 licensed physicians was conducted. The physicians
judged seven case vignettes as authentic and of adequate difficulty for the study and
suggested major revisions to two cases. Modifications were made accordingly before
all scripts for the video simulation were filmed and before actors prepared for the live
simulation.

A total of N ¼ 86 medical students took part in the validation study. The study
used a mixed design with the between factor expertise (novices vs. interns) and the
within factor sequence (video simulations—live simulations vs. live simulations—
video simulations). Participants were eligible if they were either in the first 2 years of
the clinical part of their university education (novices) or in their final clinical year
(interns). Moreover, participants had to be fluent in German to rule out possible
effects of language competence. The study used the final live and video simulations
presented in this chapter. Participants were randomly assigned to one of the two
sequences and took part in a pretest of conceptual and strategic knowledge and then
solved three cases in each sequence. Initial findings indicate higher diagnostic
accuracy of student participants in live than in video simulations (Fink et al.,
2019). These findings are opposed to the findings of the pilot study. Due to the
revised simulations, the larger sample, and the higher number of cases, the results of
the validation study seem more reliable. Moreover, similarly to the pilot study, live
simulations were perceived as more authentic than video simulations. The created
knowledge tests were reliable and differentiated between novices and interns. In
correlational analyses of the validity of the different knowledge tests and simula-
tions, strategic and conceptual knowledge correlated positively with diagnostic
performance in the simulations. Both types of knowledge correlated positively
with each other.

All in all, the reported findings demonstrate that live simulations are suitable for
the reliable and valid assessment of diagnostic competences in history-taking and
offer even higher interactivity and authenticity than video simulations. The created
video simulations may still require certain changes, such as longer familiarization
with the history-taking menu, to achieve comparable validity and reliability to live
simulations and may then be suitable for the economical and standardized
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assessment of medical interviewing skills. The validity and reliability of the devel-
oped knowledge tests were confirmed.

9.2.9 Conclusion Summary

This chapter reported on the theoretical background and the design, development,
and validation process of a research project investigating the facilitation of diagnos-
tic competences in live and video history-taking simulations.

In the section on the theoretical background, the summarized models of history-
taking showed that a physician-centered approach to history-taking that emphasizes
the functions of gathering data and making diagnoses is suitable for the assessment
of diagnostic competences in experimental settings. Moreover, the section on diag-
nostic competences in the medical interview adapted the conceptual model presented
in Chap. 2 to history-taking by presenting sensible operationalizations of diagnostic
accuracy, delineating the major diagnostic activities (i.e., generating hypotheses,
generating and evaluating evidence and drawing conclusions), and specifying the
topics relevant for the assessment of professional knowledge in this situation. In
addition, possible benefits and drawbacks of live simulations, video simulations and
role-plays were outlined. The summary of key findings on training and assessing
history-taking with simulations demonstrated that the differential effects of role-
taking and reflection phases need further research.

The section on the design, development, and validation process highlighted the
importance of systematic design, expert workshops, pilot studies and validation
studies. It contains materials and operationalizations for future studies and programs
seeking to design interactive history-taking simulations. The presented materials
also show how comparable live and video simulations can be designed and devel-
oped. Findings from the validation study suggest that the created simulations may be
employed after making minor changes, and the knowledge tests assess separate but
related aspects of diagnostic competences validly and reliably.

9.2.10 Open Questions for Research

In line with Question 2 of the overarching research questions mentioned in the
introduction by Fischer and Opitz (2022), future studies within this project will
investigate the effect of instructional support measures on the acquisition of diag-
nostic competences. More precisely, the project will examine the effect of reflection
phases and role-taking in live and video simulations and role-plays. Even though
reflection phases have been shown to be effective instructional support measures
(Mamede et al., 2008, 2012; Mann et al., 2009), it is currently not clear whether
reflection in video simulations during problem-solving or after problem-solving is
more effective and what learning mechanisms, such as the application of
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certain types of professional knowledge, make reflection phases effective. Another
open research question that also contributes to Question 2 of the overarching
research questions described in the introduction by Fischer and Opitz (2022) pertains
to the effect of roles in live simulations. Learners in live history-taking simulations
can learn to take on the roles of a physician, a patient and an observer. While it has
been shown that learning in the agent role is effective, there is a scarcity of findings
on the patient and observer role (Cook, 2014). As also pointed out for reflection
phases, it must be investigated what learning mechanisms arise in different roles.
Finally, the effects of roles and reflection phases should also be explored in role-
plays. Only a few findings on this topic are available, and these results do not directly
relate to diagnostic competences but typically to communication skills (e.g., Lane &
Rollnick, 2007).

The project also plans to contribute new findings to the overarching research
question 4 mentioned in the introduction by Fischer and Opitz (2022), which
addresses how simulations can be adapted to fit learners. We believe an especially
interesting question concerns how adaptive scaffolding could facilitate diagnostic
competences in video history-taking simulations. One interesting type of adaptive
scaffolding to investigate would be the individual selection of cases of suitable
typicality for learners. Case typicality denotes the degree to which a certain case
corresponds with the prototypical signs and symptoms of a diagnosis (Papa, 2016).
Learners could benefit from adapted case typicality by learning on optimally chal-
lenging cases in their zone of proximal development, scaffolded by instructional
support (Vygotsky, 1978). Another interesting type of scaffolding to examine would
be the adaptive use of reflection phases or examples. It is currently not clear whether
the meta-analytical finding that examples are more beneficial for novices than
reflection phases and reflection phases are more beneficial for advanced learners
than examples (Chernikova et al., 2019) can be replicated in an experimental setting.
Furthermore, it is unknown how reflection phases and examples interact in simula-
tion-based learning from atypical cases.
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