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This chapter introduces the main concepts of this dissertation, discusses its background, 
and presents the dissertation’s rationale, aim and research questions. Further, it out-
lines how each chapter contributes to the dissertation’s aim. 

BACKGROUND 

What is clinical reasoning? 

A four-week-old baby boy is brought to the emergency room by his mother at 03:00 
a.m. in the morning because of repetitive vomiting. The vomiting had started suddenly 
at 00:45 a.m. after feeding and is forceful like a projectile. Since then he has been vom-
iting again and again after feeding. Yesterday he had his last bowel movements which 
were normal in consistency and colour. The last time he wet his nappy was yesterday 
evening. He is thirsty and is breast-fed by his mother. The pregnancy, birth and first 
three weeks of life were normal. The mother and father are healthy and have no diar-
rhoea or vomiting. He is the first child of the family. In the physical exam you find a child 
that looks a little emaciated. You find a palpable ‘olive-like’ mass in the right upper 
quadrant of the abdomen, but otherwise the physical exam is normal.  
 What is the probable diagnosis? To find the most likely diagnosis one needs to look 
at each piece of available information and search for the most plausible explanation 
(Eva 2014). Such task is rather complex: It often entails attentive observation, appropri-
ate elicitation of the medical history, correct performance of physical examinations, the 
generation of hypotheses, appreciation of the relationship between each piece of data 
and each hypothesis, and attempts to confirm / disconfirm hypotheses through the 
appropriate ordering of diagnostic tests (Eva 2004). These processes are called ‘clinical 
reasoning’, which is described as a ‘context-dependent way of thinking and decision 
making in professional practice to guide practice actions’ (Higgs et al. 2008). In other 
words, clinical reasoning involves both the establishment of a diagnosis and the decision 
on a management plan that is specific to the patient’s circumstances and preferences 
(Durning et al. 2011). Figure 1 (page 11) presents a model of clinical reasoning which 
integrates key features of several theoretical frameworks. The main elements that make 
up this model are the following, as described by Gruppen and Frohna [2002], Bowen 
2006, Croskerry 2009 and summarized in Huwendiek et al. 2014: 
• The patient’s story: This is all about the patient, including all of his/her symptoms 

and characteristics. 
• Context: This refers to the situational factors which may have an important bearing 

on clinical reasoning processes. 
• Knowledge and experience: The abilities and skills the physician has accumulated so 

far and which are key co-determinants of clinical reasoning outcomes.  
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• Information gathering: During this process, the physician interviews the patient to 
obtain the information necessary to reach the correct diagnosis. 

• Problem representation: Drawing on his own expertise gained so far, the physician 
decides what information elements to take in and which ones to ignore, thereby creat-
ing his/her own mental image of the patient. The clinical reasoning process is one of 
continuous interpretation and reinterpretation. 

• Evaluation: once a first mental image of the patient has been created, the physician 
constantly revisits his/her preliminary interpretation, setting it against situational fac-
tors and the patient’s characteristics that have come to light in the course of the en-
counter. This outcome may lead the physician to ask additional questions that allow 
him/her to make assumptions and finally arrive at the correct diagnosis. These hy-
potheses come to the mind of the physician because cues in the patient’s history acti-
vate ‘illness scripts’ from the physician’s memory, or mental representations of a typi-
cal patient with a specific disease (Schmidt et al. 1990, Schmidt & Mamede 2015). 
These scripts contain findings that are expected to be present in patients with that 
disease and guide physicians in deciding which information needs to be gathered 
through history taking, a physical exam or diagnostic tests (Schmidt & Mamede 2015). 
In general this evaluation process can be rather non-analytical, when large amounts of 
cases created a sense of pattern recognition of symptoms (System 1 processes), or ra-
ther analytical, when a person deliberately gathers information for rational decisions 
(System 2 processes) (Norman, 2005; Croskerry 2009). Depending mainly on the com-
plexity of a clinical case and the experience of the physician, either the one or the oth-
er mode is used (Eva 2004; Croskerry 2009). A more detailed overview of these pro-
cesses is presented in Croskerry’s universal model of clinical reasoning (Croskerry 
2009). 

 

Figure 1: A model of clinical reasoning integrating key features of several theoretical frameworks (adapted
from Bowen 2006, Croskerry 2009 and Gruppen & Frohna [2002]) 
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Why is clinical reasoning and the teaching of it important? 

Clinical reasoning is generally considered a decisive component of nearly everything 
doctors do in practice (Higgs et al. 2008, Norman 2005, Eva 2005, Durning et al. 2011). 
Clinical reasoning enables doctors to establish the right diagnosis and make the right 
treatment decisions for a patient (Norman 2005, Eva 2005). Croskerry put it in the fol-
lowing words: ‘In fact, it is difficult to imagine anything of greater importance or rele-
vance to patient outcomes and to patient safety' [than clinical reasoning] (Croskerry 
2009).  
 However, doctors do not make correct diagnoses or treatment decisions as often as 
generally anticipated: Overall, the diagnostic failure rate is estimated to be between 10 
and 15%, with the highest rates among specialties in which patients are diagnostically 
undifferentiated, such as emergency medicine or family medicine, and the lowest rates 
in visual specialties, such as radiology and pathology, with an estimated rate of about 
2% (Berner & Graber 2008, Croskerry 2013). Because clinical reasoning plays such a 
major role in final patient outcomes, acquiring this competence is considered essential 
for a physician. 
 The good news is that it can be learned and improved. In general it has been shown 
that students develop clinical reasoning skills by seeing many patients, actively engaging 
in problem-solving and receiving sufficient feedback (Eva 2005, Norman 2005). Strate-
gies have been described to specifically support the development of clinical reasoning 
when seeing real patients, which can be used by the teacher to foster learning of clinical 
reasoning (Bordage 1999, Nendaz & Bordage 2002, Bowen 2006). These strategies are 
displayed in Table 1, page 16, first section. 
 However, medical education seems to fall short of providing students with adequate 
opportunities to learn these skills, exposing them to too few and less varied real pa-
tients (Rattner et al. 2001), and of providing adequate feedback and coaching (Wim-
mers et al. 2005, Schmidt & Mamede 2015, Eva 2004). An alternative to using real pa-
tients to foster learning of clinical reasoning is to use Virtual Patients (Cook & Triola 
2009), which will be defined in the following paragraph. 

What are Virtual Patients? 

Virtual Patients (VP) are online cases in which the learner takes on the role of physician, 
has to make all decisions him/herself and receives feedback on these decisions (Cook & 
Triola 2009, Huwendiek & Haag 2012). They have been defined as ‘interactive computer 
simulation[s] of real-life clinical scenarios for the purpose of medical training, education, 
or assessment’ (Ellaway et al. 2008). It is important not to confuse VPs with other edu-
cational instruments that are sometimes mistakenly referred to as VPs but that in fact 
have little to do with the Virtual Patients under discussion here, such as: (i) ‘simulated 
patients’ or ‘standardised patients’, who are healthy persons acting like patients so that 
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learners can practise their communication skills, for example, and (ii) patient simulators 
in the form of manikins or parts thereof, to allow experiential learning of practical skills 
in an error-forgiving environment (Huwendiek et al. 2009b). The ability of VPs to foster 
clinical reasoning is considered as their most important asset (Cook & Triola 2009). 
Many different platforms and designs of Virtual Patients have been described (Fall et al. 
2005, Bryce et al. 1998, Garde et al. 2005, Zary et al. 2006). A typical virtual patient 
session includes a stepwise unfolding of the case scenario by interviewing, examining, 
diagnosing and treating the electronic patient and receiving feedback on actions taken. 
Figure 2 presents a screenshot that includes an example of a VP (page 13). Why VPs are 
used in medical education will be addressed in the following paragraph. 
 

 

Figure 2: Screenshot of VP example 

Why use Virtual Patients? 

As previously stated, research has shown that students develop clinical reasoning skills 
by seeing many different patients, actively engaging in problem-solving and receiving 
sufficient feedback (Eva 2005, Norman 2005). However, there seem to be mainly two 
problematic aspects at play: In general, few real patients are actually suitable for teach-
ing (changes in contemporary health care systems have caused patients to be hospital-
ised for shorter periods, for example), and supervisors often fail to encourage their 
students to involve heavily in clinical reasoning and to provide them with feedback (Irby 
2004, Huang et al. 2007). The impact of Virtual Patients on students’ learning outcomes 
has been studied and reviewed, and findings suggest that they can be effective especial-
ly for clinical reasoning (Botezatu et al. 2010; Cook et al. 2010; Cook & Triola 2009). In 
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these respects the use of VPs in conjunction with real patients for learning clinical rea-
soning offers several advantages. 
 First, VPs create a safe learning environment for students in which they learn by trial 
and error, while real patients remain shielded from students’ mistakes. Second, they 
afford the opportunity to learn clinical reasoning when no suitable real patients are 
available. As Huang recapitulates, Virtual Patients ‘fill gaps in clerkships by exposing stu-
dents to diseases that they would not otherwise experience because of short clinical 
rotations and limited ambulatory care experiences’ (Huang et al. 2007). This idea even 
made its way into the official documents of the accreditation body for medical pro-
grammes in the USA and Canada, the Liaison Committee for Medical Education: In its ED-
2 standard they stated that students should encounter the types of patients and clinical 
conditions that are defined by the faculty. Gaps in this clinical exposure may be remedied 
by Virtual Patients or other simulated experiences (LCME, 2011). One typical example 
where VPs are especially suited are critically ill patients. Students are usually not heavily 
involved in the reasoning in such patients, as experts take care of these patients. Fur-
thermore, there are also rare (but important) and seasonal diseases for which real pa-
tients are not always available. In such cases VPs can be used to train clinical reasoning. 
However, it cannot be stressed enough that VPs are not meant to replace real patients; 
rather, they are an addition to real patients to foster learning (Cook et al. 2010).  
 A third advantage is that many learners can be confronted with and learn from the 
same virtual patient cases. Already in 2011, for instance, more than 70 US and Canadian 
medical schools were using the same Paediatric VPs (Berman et al., 2011). This makes 
the development very cost-efficient. Imagine that a real clinical supervisor would have 
to repeatedly ask all the questions a virtual supervisor integrated into the VPs would 
normally ask students, this would be extremely resource-intensive. From this perspec-
tive it seems meaningful to pay close attention to the design of VPs and then expose 
many students to them. But how should VPs be designed? This will be addressed in the 
following paragraph.  

Design of VPs to foster clinical reasoning: current approaches and challenges 

What is known about VP design so far? The overarching design of Virtual Patients is mod-
elled on a virtual patient-physician encounter, following a sequence of a patient present-
ing a complaint, patient interview, physical exam, diagnosis and management. VPs of the 
early 1960s already followed this design (de Dombal et al. 1969), which still presents the 
backbone of VP design today. Several studies on VPs have been conducted so far, which 
have even been summarised in a systematic review and meta-analysis (Cook et al. 2010). 
This review summarises 54 studies on VPs, 11 of which compared different designs of VPs. 
The authors suggest that learning outcomes may be improved if the design of VPs is based 
on repetition until demonstration of mastery, advanced organisers, enhanced feedback, 
and explicit contrasting of cases (Cook et al. 2010). Furthermore, there are general tips 



GENERAL INTRODUCTION 

15 

available on how to develop VPs (Posel et al. 2009). Altogether, there are studies focusing 
on VP design, but the existing ones often focus on specific aspects other than clinical rea-
soning, such as communication skills (Bearman et al. 2001). 
 A first challenge, therefore, is to answer the question of how to specifically design a 
VP to foster the learning of clinical reasoning. For example, how to incorporate learner 
support in the form of a virtual supervisor within a VP to optimally facilitate the devel-
opment of clinical reasoning? Which kind of questions should the virtual supervisor ask? 
In the absence of clear evidence-based guidance on how to design VPs to foster clinical 
reasoning this is a challenging task and it seems worthwhile to look at studies that do 
not address VP design itself but, nevertheless, can provide a theoretical framework for 
the design of such VPs. For the instructional design of VPs to foster clinical reasoning 
the following strategies and theoretical frameworks seem to be helpful: strategies to 
foster clinical reasoning (Bowen 2006, Nendaz & Bordage 2002; Bordage 1999, Schmidt 
& Mamede 2015), development principles for teaching cases (Kim et al. 2006), lessons 
from simulation research (Issenberg et al. 2005) and design principles for multimedia 
learning including cognitive load theory (Grunwald & Corsbie-Massay 2006, Stemler 
1997¸ Mayer 2005, Lawless 1997, Merriënboer & Sweller 2010). For details and possible 
lessons learned about VP design, please refer to Table 1 on page 16. The table includes 
aspects that could be relevant when designing VPs to foster clinical reasoning. 
 Another challenge is the high variability in VP systems and designs (Bryce et al. 1998, 
Fall et al. 2005, Garde et al. 2005, Zary et al. 2006, Fischer 2000) that are often collec-
tively labelled ‘Virtual Patients’, without specifying their design. To illustrate some dif-
ferences: While some VP cases can have different outcomes as learners follow a differ-
ent path depending on their actions, others unfold in a predetermined way after learn-
ers have received direct feedback. Furthermore, some VPs use only a few multiple 
choice questions (MCQs), while others use a combination of many MCQs and other 
question types. Some VPs use a lot of media including video while others do not make 
use of any visual media at all. On balance, the literature is packed with descriptions of 
VPs that often differ significantly in terms of instructional design as illustrated above, 
but at the same time these differences are often not clearly reflected and acknowl-
edged in the respective scientific literature. As a result, misunderstandings and unwant-
ed consequences such as conflicting study results may prevail, as apples might be com-
pared with oranges. As language shapes and delimits our understanding, having a well-
defined and common set of terms helps to identify and understand differences and 
similarities between different designs. A key step towards a better understanding and 
reporting of VP design would therefore be to achieve a consensus among VP experts on 
a well-defined and unambiguous language and concepts to describe Virtual Patient 
design, for instance in the form of a typology. 
 A third challenge is that little is known on how to evaluate VPs that are designed to 
foster clinical reasoning. Which aspects of VP design should such an instrument ad-
dress? Should it ask about all design features (questions, feedback, media, etc.) or ra-



CHAPTER 1 

16 

ther enquire into the effect these features might have on the learner? Such an evalua-
tion instrument should be based on a theoretical framework and should be validated to 
allow for improved judgements and feedback in the process of developing VPs to foster 
clinical reasoning (Cook & Beckmann 2006). However, to our knowledge, no such in-
strument currently exists. As there is no theoretical framework on VP design to foster 
clinical reasoning readily available, the conceptual basis for the development of such an 
instrument has to be generated from existing frameworks and strategies. Especially 
helpful in this regard are the model of clinical reasoning presented in Figure 1 (see page 
11) and the strategies for VP design to foster clinical reasoning described in Table 1 
(page 16), from which we can derive the main concepts. 

Table 1: Possibly helpful literature and frameworks for the design of VPs from outside of the existing VP 
literature  
(informed by Huwendiek et al. 2009a) 

Topic Lessons learned Literature 
Strategies to foster 
clinical reasoning  

• ask open-ended questions; 
• provide single-sentence summaries of patient problems in 

abstract terms; 
• ask for discriminating features of a set of diagnostic hypotheses;  
• probe for differential diagnoses in an early phase; prioritise 

diagnoses;  
• encourage students to compare and contrast diagnostic 

hypotheses based on real clinical data 
• demonstrate typical presentations of different diagnostic 

hypotheses and the relative probabilities of different diagnoses 

Bowen 2006; 
Nendaz & Bordge 
2002; Bordage 1999;  
Schmidt & Mamede 
2015 
 

Core attributes for 
the development 
of   teaching cases  

Teaching cases should be:   
• relevant; 
• realistic; 
• engaging;  
• challenging; 
• instructional 

Kim et al. 2006 

Lessons from 
simulation research 

• provide feedback;  
• expose students to a wide range of difficulty levels; 
• involve multiple learning strategies; 
• capture clinical variation;  
• use them in a controlled environment; 
• provide for individualised learning and defined outcomes 

Issenberg et al. 2005 
 
 

Design principles 
for multimedia 
learning, incl. 
cognitive load 
theory 

• implement interactivity to promote active learning and critical 
thinking 

• synchronise audio and visual information;  
• eliminate multi-tasking; 
• maintain a stable learning environment; 
• eliminate redundant information; 
• decrease predetermined navigational control as expertise 

develops 
• provide authentic contexts  

Grunwald & Corsbie-
Massay 2006; Stemler 
1997; Mayer 2005; 
Lawless 1997; 
van Merriënboer & 
Sweller 2010 
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The above-mentioned three challenges, specifically the absence of concrete advice on 
how to design VPs to foster clinical reasoning, the lack of consensus on relevant VP 
design features and the missing of a validated VP design evaluation instrument, all have 
one central question in common which leads to the first overall research question of 
this dissertation:  

How to improve the design of VPs to foster learning, especially of clinical reasoning? 

Besides the design also the implementation of VPs seems relevant for fostering clinical 
reasoning, which will be addressed in the following section. 

Implementation of VPs to foster clinical reasoning: current approaches and 
challenges 

While it was previously believed that the benefits of digital tools such as VPs would be 
fully reaped just by introducing students to them, recent evidence has revealed that 
students are unlikely to embrace, apply and appreciate such tools so long as they are 
inadequately integrated with or even segregated from other parts of the curriculum 
(Haag et al. 2007; Fischer et al. 2008, Huwendiek et al. 2013). Regarding the implemen-
tation of VPs, the few available studies suggest that the following aspects are beneficial:  
VP-related student instructions, follow-up seminars, faculty development, formal as-
sessment of VP content and avoidance of excessive workload by eliminating other 
teaching activities (Fischer et al. 2008, Berman et al. 2009, Edelbring et al. 2012).  
 More specifically, knowledge on how best to implement VPs to foster learning of 
clinical reasoning is scant. For example, which sequencing of VPs, real patient contacts 
and other educational events would be most beneficial? How should different educa-
tional activities be aligned with VP activities? These questions cannot be readily an-
swered by the existing VP literature (Cook et al. 2010). Possibly helpful frameworks and 
strategies that can be found outside of the VP literature address the following aspects: 
the sequencing of educational activities (Hull et al. 2009, Ritter et al. 2007, Van Mer-
riënboer & Sweller 2010, Issenberg et al. 2005), alignment of computer-mediated with 
other teaching activities (Bunk & Graham 2006, Choules 2007, Bonk 2006, Prober & 
Heath 2012, Prober & Khan 2013), alignment with assessment  ( McLachlan 2006, Cil-
liers et al. 2012, Biggs 1996, van der Vleuten & Schuwirth (2005)) and the development 
of clinical reasoning skills (Bowen 2006; Nendaz & Bordge 2002; Bordage 1999, Schmidt 
& Mamede 2015). For details and possible lessons learned for VP implementation, 
please refer to Table 2, page 19. The table includes aspects that could be relevant when 
implementing VPs to foster clinical reasoning.   
 When implementing VP activities, these should also be formally assessed because 
assessment drives learning (Cilliers et al. 2012, van der Vleuten & Schuwirth (2005)). 
Additionally, as the constructive alignment of learning objectives, teaching activities and 
assessment is regarded essential to support learning (Biggs 1996), the question of how 
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to assess VP activities is key to the implementation of VPs. Hence, the question is not IF 
learning from VPs should be assessed, but HOW. As this dissertation focuses on VPs 
whose intent is to foster learning of clinical reasoning, the question is which type of 
questions might be most appropriate to assess clinical reasoning. Different question 
formats for assessment of clinical reasoning in clerkships have been described (Higgs et 
al. 2008). Among the most commonly used question formats for assessing clinical rea-
soning are so-called Key-Feature Problems (KFPs) and Single Best Answer questions with 
a case vignette as stimulus format (context-rich SBAs, crSBAs) (Higgs et al. 2008). KFPs 
consist of a brief stem with a short patient vignette (stimulus format) followed by one 
or more questions. To date, studies into KFPs have found that the most typical KFPs 
with the best psychometric characteristics used a case vignette as stimulus format and 
short menu, a write-in or electronic Long-Menu response format and two to three 
questions per case/vignette (Bordage et al. 1995; Page & Bordage 1995, Fischer et al. 
2005, Norman et al. 2006, Hrynchak et al. 2014, Bronander et al. 2014). Context-rich 
SBAs also have a case vignette and the response format mostly consists of 3 to 5 op-
tions with only one right answer. Usually only one question relates to the vignette and 
not more (Higgs et al. 2008). As single best answer question formats are viewed as 
more efficient, easier to score, more defensible and more cost-effective, they are often 
preferred to open-ended questions, such as write-in or electronic Long-Menu questions 
(LMQs) (Elstein 1993, Downing 2002, 2009, Desjardins et al. 2014). However, evidence 
suggests that the response format chosen may also affect learning, with cues influenc-
ing item difficulty and, consequently, open-ended questions being considered more 
difficult than closed-ended questions (Hemskerk et al. 2008, Desjardins et al. 2014). 
Such a perception may influence the educational effect (pre-assessment factors, Cilliers 
et al. 2012) of an exam, making it interesting to investigate whether the educational 
effect would be different when crSBAs or KFPs are used to assess VP activities and if so, 
how, and what the psychometric properties of such questions would be. To our 
knowledge, no study has ever compared the educational effects of using KFP and crSBA 
formats for the assessment of clinical reasoning in clinical clerkships. 
 The above-mentioned challenges concerning the implementation of VPs in general 
and the assessment of VP activities in particular, both aimed to foster clinical reasoning, 
have one central question in common which leads to the second overall research ques-
tion of this dissertation:  

How to improve the implementation of VPs to foster learning, especially of clinical 
reasoning? 
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Table 2: Helpful literature and frameworks for the implementation of VPs from outside of the existing VP 
literature 
(informed by Huwendiek et al. 2013) 

Topic Lessons learned Literature 

Sequencing • make sure the amount of novelty and amount to learn is 
maximised and adapted to learners’ knowledge level;  

• consider the amount of time and repetitions required to 
learn something as well as the spacing of practice;  

• sequence learning tasks from simple to complex and 
from low-fidelity to high-fidelity environments 

Ritter et al. 2007; 
Van Merriënboer  
& Sweller 2010; 
Issenberg et al. 2005 
 

Alignment of 
computer-mediated 
activities with other 
teaching activities 

• strive to achieve the most advantageous combinations 
of face-to-face instruction and computer-mediated 
instruction to maximise the strengths and minimise the 
weaknesses of each instructional method 

Bunk & Graham 2006; 
Choules 2007; Bonk 2006; 
Prober & Heath 2012, 
Prober & Khan 2013 

Alignment with 
assessment 

• make sure to assess clinical reasoning, as it is generally 
accepted that assessment drives learning 

• align learning objectives, teaching and assessment in 
terms of both content and methods (constructive 
alignment). E.g.: when the learning objective is to be 
able to actively perform clinical reasoning, it should be 
actively learned and assessed 

McLachlan 2006;  
Cilliers et al. 2012; 
Biggs 1996 
van der Vleuten & 
Schuwirth (2005) 

Strategies to foster 
clinical reasoning 

• For strategies designed to foster clinical reasoning, refer 
to Table 1, page 16 

Bowen 2006; 
Nendaz & Bordge 2002; 
Bordage 1999; 
Schmidt & Mamede 2015 

RATIONALE, AIM AND MAIN RESEARCH QUESTIONS 

The studies discussed in the foregoing indicate that Virtual Patients are especially suited 
to foster clinical reasoning (Botezatu et al. 2010; Cook et al. 2010; Cook & Triola 2009). 
However, there is a lack of evidence-based insights as to how to design and implement 
VPs to foster learning, especially of clinical reasoning (Cook et al. 2010).  
 The aim of this dissertation is therefore to explore how learning with Virtual Patients 
to foster clinical reasoning in medical students can be improved by addressing the fol-
lowing two main research questions: 
I: How to improve the design of Virtual Patients to foster learning, especially of clinical 

reasoning? 
II: How to improve the implementation of Virtual Patients to foster learning, especially 

of clinical reasoning? 
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DISSERTATION OUTLINE 

Design of Virtual Patients to foster learning, especially of clinical reasoning 

The first main research question is addressed in Chapters 2-4.  
Chapter 2 focuses on the establishment of principles for the design of VPs to foster 
clinical reasoning, based on senior medical students’ perceptions. This study used a 
qualitative approach after students had been exposed to VPs of a standard design and a 
design taking relevant frameworks from the literature into account. Students were 
interviewed about the impact different VP designs had on their learning of clinical rea-
soning and about what, in their view, would make the VP design that best fostered their 
learning, especially of clinical reasoning. 
Chapter 3 describes the establishment of relevant features of VP design, based on per-
ceptions of VP experts, and, consequently, how VP design should be reported in the 
scientific literature to improve educational research on the design of VPs. This study 
used the literature and a modified Delphi technique to establish a consensual typology, 
which was then validated by applying it to the description of different VP designs. The 
results from the study in Chapter 2 also informed the development of the typology.  
Chapter 4 deals with the development and establishment of validity evidence for an 
instrument with which to evaluate VP design to foster clinical reasoning from the per-
spective of students. The questionnaire was developed by an international VP expert 
team and used a mixed-methods approach, also taking the results of Chapters 2 and 3 
into account. Statistical validity evidence was established by using exploratory factor 
analysis and generalisability theory in a big sample of international students using VPs. 

Implementation of Virtual Patients to foster learning, especially of clinical 
reasoning  

The second main research question is addressed in Chapters 5-6. 
Chapter 5 focuses on the establishment of guidance for the implementation of VPs 
using focus groups after senior medical students had been exposed to VPs in different 
curricular integration scenarios, which differed in the sequencing of and alignment 
between VPs and other educational formats, tutor involvement, relevance of VPs to 
assessment and the involvement of real patients. We explored students’ perceptions of 
the scenarios and of VP implementation aspects that they thought would maximise 
their clinical reasoning skills. 
Chapter 6 reports on how two different written exam formats in a summative assess-
ment of a clinical clerkship are perceived by senior medical students, especially with 
respect to their influence on the learning of clinical reasoning (with VPs), and on wheth-
er their psychometric properties differ using a mixed-methods approach.  
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Chapter 7 discusses the findings reported in the various chapters and puts them into 
perspective, considers the implications for VP design and implementation and reflects 
on directions for future research and practical implications. A summary and valorisation 
of the results concludes the dissertation. 
 
This dissertation is based on five studies on a related topic. Since every chapter was 
written with the intention to be read on its own, repetition and overlap between chap-
ters is inevitable. 
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ABSTRACT: 

Purpose: To examine what students perceive as the ideal features of virtual patient 
design to foster their learning with a special focus on clinical reasoning. 
Methods: 104 fifth-year medical students worked through at least 8 virtual patients 
representing 4 different designs during their paediatric clerkship. The virtual patients 
were presented in 2 modes and differed in the authenticity of the user interface (with 
or without graphical support), predominant question type (Long Menu vs. Short Menu 
questions) and freedom of navigation (relatively free vs. predetermined). Each mode 
was presented in a rich and a poor version with regard to the use of different media and 
questions and explanations explicitly directed at clinical reasoning. Five groups of 4-9 
randomly selected students (n=27) participated in focus group interviews facilitated by 
a moderator using a questioning route. The interviews were videotaped, transcribed 
and analysed. Summary reports were approved by the students. 
Results: Ten principles of virtual patient design emerged from the analysis. A virtual 
patient should be relevant, of an appropriate level of difficulty, highly interactive, offer 
specific feedback, make optimal use of media, help students focus on relevant learning 
points, offer recapitulation of key learning points, provide an authentic web-based in-
terface and student tasks, and contain questions and explanations tailored to the clini-
cal reasoning process. 
Conclusion: Students perceived the identified design principles as conducive to their 
learning. Many of these principles are supported by the results of other published stud-
ies. Future studies should address the effects of these principles using quantitative 
controlled designs. 
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INTRODUCTION 

One of the challenges in medical education is to teach students how to apply their 
knowledge in dealing with clinical problems. Research has shown that students develop 
clinical reasoning skills by seeing many patients, actively engaging in problem solving 
and receiving sufficient feedback (Eva 2005, Norman 2005). Virtual patients (VPs) are 
increasingly being used in medical education (Bryce et al. 1998, Fall et al. 2005, Huang 
et al. 2007, Leong et al. 2003) as an adjunct to real patients. They have been defined as 
“an interactive computer simulation of real-life clinical scenarios for the purpose of 
medical training, education, or assessment”(Ellaway et al. 2008).  
 The diversity of VPs (Bryce et al. 1998, Fall et al. 2005, Garde et al. 2005, Zary et al. 
2006) and the expense of developing them (Huang et al. 2007) underline the im-
portance of careful attention to VP design. Although outside the domain of medical 
education there is a considerable literature base for a general framework to develop 
teaching cases, studies evaluating VP designs are few(Bearman & Cesnik 2001) and 
focus mostly on specific aspects, like communication skills (Bearman et al. 2001). The 
question as to which features of VP design are most suited to optimising student learn-
ing has remained unanswered so far (Ruiz et al.2008). When designing VPs for learning 
with emphasis on clinical reasoning the following strategies from the wider literature 
seem to offer a relevant general framework. These are strategies to: foster clinical rea-
soning; develop teaching cases; foster learning from simulation and design efficient 
multimedia tools for cognitive learning. These strategies should also be incorporated in 
VPs but we know of no studies investigating whether and how this was done and how 
this affected student learning.  
 In a recent review of educational strategies to promote clinical reasoning, Bowen 
(2006) emphasised: asking open-ended questions; single-sentence summaries of pa-
tient problems in abstract terms (Nendaz & Bordage 2002); asking for discriminating 
features of a set of diagnostic hypotheses; early probing for differential diagnoses 
(Bordage 1999); prioritising diagnoses; encouraging students to compare and contrast 
diagnostic hypotheses based on real clinical data; typical presentations of different 
diagnostic hypotheses; and the relative probabilities of different diagnoses (Bowen 
2006).  
 Kim and colleagues (2006) synthesized strategies for developing teaching cases 
based on 5 core attributes: relevant, realistic, engaging, challenging, and instructional. 
 Given that VPs are simulations, albeit low fidelity ones, the following recommenda-
tions from the BEME meta-analysis on high-fidelity simulation (Issenberg et al. 2005) 
may also be relevant to VP design: providing feedback, range of difficulty level, multiple 
learning strategies, capture clinical variation, controlled environment, individualized 
learning and defined outcomes.  
 Sound educational strategies and interface design are essential for designing cogni-
tively efficient multimedia learning tools (Grunwald & Corsbie-Massay 2006, Stemler 
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1997, Mayer 2005, Lawless 1997). While programs for perfecting task skills rely on the 
tenets of behaviourism, programs to foster knowledge by engaging students in inter-
preting and reflecting on problems - like our VPs - rely more on constructivism. This is in 
line with the idea that interactivity in e-learning materials is a prerequisite for promot-
ing active learning and critical thinking (Stemler 1997, Mayer 2005, Lawless 1997, 
Huang 2005, Cook et al. 2006). In terms of interface design the following guidelines 
have been proposed: synchronize audio and visual information, eliminate multi-tasking, 
optimize representations and design an approachable interface, maintain a stable learn-
ing environment, and eliminate redundant information, decrease predetermined navi-
gational control as expertise develops, and provide authentic contexts (Grunwald & 
Corsbie-Massay 2006).  
 In a meta-analysis of the effects of Internet-based instruction in health professions 
education, Cook and colleagues (2008) found positive effects compared with no inter-
vention but heterogeneous and generally small effects compared to other instructional 
methods. Apparently, learning outcomes depend on the quality of the instructional 
design methods rather than on the medium used (Cronbach 1979). In accordance with 
what is suggested in Cook’s study (Cook et al. 2008, Cook 2005), we compared different 
e-learning interventions, that is, we examined students’ experiences with four different 
types of VPs designed to promote clinical reasoning.  
 We conducted a focus group study to explore students’ learning experiences with 
the different VP designs to explore which features are best suited to promote learning, 
especially of clinical reasoning, and whether and in what way the strategies described in 
the literature are translatable to VP design. 

METHODS 

Virtual Patients 

CAMPUS is a vocabulary-based VP shell (Garde et al. 2005) enabling easy development 
and presentation of VPs. It is suitable for studies of VP design, because the authoring 
system allows integration of different types of questions and media for any item of a VP 
case. Another advantage is that VPs can be presented in two modes. In this study, four 
cases were presented to students via the simulative presentation mode (CAMPUS-
Classic VPs) characterised by mainly Long Menu questions, a relatively authentic web-
based interface (the patient is presented against the background of a drawing of an 
examination room and students’ actions are reflected in graphical features, e.g. regions 
of the body that are examined appear in colour) and relatively free navigation (Figure 1 
A1-4, page 40). In Long Menu questions the learner enters free text after which fitting 
item(s) from the long list appear from which students can choose (Figure 1 A4, page 
40). Lists can contain up to 8000 items. These questions avoid cueing effects by allowing 
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automated feedback (Schuwirth et al. 1996). Four other cases were presented via the 
card-based presentation mode (CAMPUS-Card VPs) with mainly Short Menu questions, 
no graphics-supported web-based interface and a pre-determined work flow (see sup-
porting information, Figure 1 B1-4, page 40). Both presentation modes are categorised 
as ‘problem-solving’ VPs (Bearman & Cesnik 2001, Bearman et al. 2001). In both modes 
the learner has to make the same decisions a physician would have to make in real life. 
Feedback is based on comparison with expert decision and often accompanied with 
explanations of why a decision was right or wrong. 
 The VPs also differed in the use of questions and explanations relating to clinical 
reasoning and the extent of media use (rich versus standard content, Table 1). 
 
Table 1 Virtual patients with rich and standard content 

Rich content Standard content 

Questions and explanations relating to clinical reasoning 
In addition to the standard content the following strategies 
are used to foster clinical reasoning: 
Open-ended free text questions with an ideal answer as 
feedback for comparison: 
- After the initial, brief presentation of the patient and his/her 

chief complaint the students are asked to state differential 
diagnoses. 

- After history and physical examination the students are 
asked to summarise the case in abstract terms. 

- In the course of the case (following history and physical 
examination, lab tests and other investigations, respectively) 
students are iteratively asked to state the defining and 
discriminating features of the differential diagnoses and 
which diagnosis they consider most likely and why. 

Questions are included that ask students to list 
or choose the correct differential diagnoses 
after performing the physical examination and 
after lab tests/ additional investigations. 
 
The defining features of the final diagnosis and 
symptoms of differential diagnoses are named. 
 
No other strategies are used. 

Use of media: 
In addition to media use in the standard condition, the rich 
content cases also include videos, e.g. of diagnostic 
procedures, such as lumbar puncture, normal visual results  
of investigations for comparison with the patient findings and 
more graphical illustrations. 

Only pictures of the patients, visual results of 
investigations and a few graphical illustrations 
are included. 

Setting 

Since 2000, VPs have been an integral part of undergraduate paediatric clinical training 
at the Faculty of Medicine, Heidelberg University, Heidelberg (Huwendiek et al. 2006). 
In the course of their four-week paediatric clerkship, 104 fifth-year medical students 
worked through at least 8 VPs of 4 different designs: 4 CAMPUS-Classic VPs, 2 of rich 
content and 2 of standard content; and 4 CAMPUS-Card-based VPs, 2 of rich content 
and 2 of standard content. The students rotated through the four-week clerkship in 
three consecutive groups of about 35 students.  
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 The procedure of the four weekly VP sessions was as follows: during the first hour 
10 students worked through a VP in self-selected groups of 1-3 students. This was fol-
lowed by a 30-minute discussion of the case by the group of 10 students facilitated by a 
tutor. The four other VPs were self-study assignments.  
 All 8 VP cases were relevant to the paediatric course exam. After the first and sec-
ond student group had completed their rotations, the 8 cases were changed in terms of 
presentation mode, content richness and tutor guidance to avoid bias due to the topics 
or the curricular integration of the cases.  

Focus groups 

After encounters with real patients with the same complaints, students’ perceptions of 
the VPs were explored in focus group interviews, because this approach is appropriate 
not only for exploring what students are thinking but also why they are thinking that 
(Krueger & Casey 2000). Focus group discussions in peer groups provide a relatively safe 
environment in which the imbalance of power between the researcher and the subjects 
is mitigated. Group discussions foster deeper analysis of views on a topic and may even 
refine or modify them. In this respect, focus group interviews are superior to individual 
questionnaires or interviews. 

Subjects 

We invited all fifth-year medical students who had just completed their paediatric clerk-
ship to participate in the study. Of the 50% (n=52) who were willing to participate, we 
randomly selected 27 students to attend 1 of 5 focus group interviews thereby ensuring 
attendance of at least 4 students per session. The participants received a small financial 
incentive. 

Procedure 

Five focus group sessions, lasting 2 hours each, were held. Two sessions were held after 
the first group had completed the paediatric rotation, two sessions immediately fol-
lowed the rotation of the second group and one session was held after the third group 
had completed their rotation. The sessions were moderated by one of the authors (xx), 
who is an experienced facilitator of small group discussions. In order to ensure con-
sistency across groups, a questioning route was used to guide the interviews (Krueger & 
Casey 2000) (see supporting information, Table 4, page 41). During the sessions the 
assistant moderator (FR) took notes and provided support in videotaping the session. 
The videotapes were transcribed literally. Summary reports of the discussions were sent 
to the students for approval. Because no significant new ideas emerged during the fifth 
focus group session, no further sessions were organised.  
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Analysis 

The transcripts were analysed by two of the authors (SH and FR). They first read the 
transcripts identifying relevant themes. Because not all of the emerging themes reflect-
ed one question of the questioning route, the transcripts were thematically sorted and 
summarised. The analysers (SH and FR) discussed and, if required, adjusted the catego-
ries. The students received a summary report of their group session, including illustra-
tive quotations with students’ initials in parentheses. Whenever possible the strength of 
an opinion and group support in terms of frequency were also indicated. All summary 
reports were approved. 

Results 

We present principles of VP design based on the students’ views of the preferred VP de-
sign for learning with emphasis on clinical reasoning. Characteristic citations from the 
focus group discussions are presented in tables 3 and 4 to illustrate each design principle. 
We found no major differences in the five focus groups in terms of results generated. 

Principles of virtual patient design 

1. Relevance 
According to the students VPs should be relevant in terms of the incidence of the pa-
tient problem and/or the seriousness of the consequences of inappropriate manage-
ment. They preferred VPs with problems they were unlikely to encounter during clinical 
training (Table 2, page 33). 

2. Appropriate level of difficulty 
The level of complexity should be appropriate for students’ knowledge levels. Guidance, 
e.g. through expert comments or predetermined workflow, was more important at first 
than later when students had more experience (Table 2). 

3. Interactivity  
In general, VPs should be highly interactive and include a variety of question formats. 
The students valued Long Menu questions because these are the most effective in en-
gaging their attention. This type of interactive question was also perceived as most 
realistic, best suited to revealing gaps in students’ knowledge and thus best able to 
motivate students to study (Table 2). 

4. Specific feedback 
Students wanted to receive feedback on all their decisions to help them understand 
what an expert would do. The importance of decisions should be specified, for example 
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whether an investigation is ‘obligatory’ or ‘optional’, to help students estimate the value 
of different investigations in different situations. Additionally, quantitative formative 
feedback on overall performance in different parts of the work up (medical history, 
physical examination, differential diagnosis, lab tests, etc.) was considered desirable to 
help students identify areas where improvement was needed (Table 2). 

5. Appropriate media use 
Different media (pictures, video, audio) should be used to make a VP as realistic as pos-
sible, especially for the physical examination and additional investigations. Presenting a 
picture or a video of the patient at the start of a case and during history taking was also 
thought to enhance authenticity. When media were used to present test results (e.g. 
chest X-ray), ‘normal’ findings should be presented alongside them to help students 
recognise discriminating features. Media, such as animations and graphical illustrations, 
were preferred whenever they were considered superior to words in explaining things 
(Table 2). 

6. Focus on relevant learning points 
The web-based interface should help students focus on relevant learning points. This 
could be achieved by striving for clarity, avoiding distractions and ensuring ease of use 
of the VP. Text should be kept as brief and clear as possible and access to additional 
information should be facilitated by hyperlinks or context sensitive search functions. 
The main learning points should be highlighted, for instance by presenting them in bold 
or colour (Table 3). 

7. Recapitulation of key learning points  
At the end of a case, questions should be asked to evaluate what students have learned 
and to recapitulate important points. The VP should conclude with a summary including 
key take home messages and students should be able to print out any relevant infor-
mation (Table 3). 

8. Authenticity of the web-based interface 
The web-based interface should be authentic to make students feel like the doctor in 
charge thereby engaging and motivating them. The physical examination should be 
visualised by media supported simulation to help students proceed in a structured 
manner (e.g. from head to toe) (Table 3). 

9. Authenticity of student tasks 
A VP should require students to make all the clinical decisions a physician would make, 
such as which history questions to ask, which parts of the physical examination to per-
form, which laboratory tests and additional investigations to order, whether the patient 
can be managed as an outpatient or should be admitted to the intensive care unit or 
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hospital ward and all decisions relating to differential diagnosis, management and 
treatment. Long Menu questions with a realistic number of options and open-ended 
questions were perceived as most realistic and most motivating (see also design princi-
ple 3) (Table 3). 

10. Questions and explanations to enhance clinical reasoning 
Students should be actively involved in the clinical reasoning process in the same way 
an expert would be. This can be achieved by asking students to generate differential 
diagnoses early in the case, by eliciting discriminating features of a set of diagnostic 
hypotheses through open-ended free text questions and by providing appropriate feed-
back. Early synthesis should be encouraged by having students summarise relevant 
findings and providing them feedback on this. Emphasis should be on evaluating stu-
dents’ understanding of the crucial steps in patient management and on appropriate 
feedback. The students indicated that explicit questioning and guiding of the clinical 
reasoning process as well as design principles 3, 4 and 9 made them feel well prepared 
for dealing with real patients to an extent no other type of teaching had achieved be-
fore (Table 3). 
 
Table 2 Illustrative citations from the focus group discussions about principles 1-5 of virtual patient design 
The numbers in parentheses indicate the focus group and the student 

1. Relevance 
- “I found it helpful that the mandatory cases were typical and important cases and not very rare or 

complicated ones. Because I had worked through a virtual patient, I knew, perhaps for the first time, what to 
ask and do when I saw a real patient with similar symptoms in an outpatient setting.” (2,5) 

- “One of the things I liked is that via the virtual patients I could ‘take care of’ a patient with meningitis, which 
would not have been possible in reality.“ (1,2) 

- “It would be great to have cases of the ten most common diseases for each medical discipline” (3,5) 

2. Appropriate level of difficulty 
- “At first I needed more guidance from the program on how to proceed through the case and found this very 

helpful. As I became more proficient I needed less guidance and enjoyed knowing how to proceed on my 
own.” (1,4) 

- "I found it hard to solve a CAMPUS-Classic case in the first week of the paediatric clerkship. I would rather 
have started with a CAMPUS-Card case, which is easier because of the short menu questions and more 
guidance" (3,1) 

- "At first, you should have the rather easy cases, later the more difficult ones." (4/3) 
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3. Interactivity 
- “I think a variety of question types, such as multiple choice, long menu or free text questions are helpful in 

making the case interactive, making you think, keeping you focused. At first multiple choice question are 
suitable, because your knowledge base is rather small. Later long menu questions should be used to 
challenge students’ more active knowledge.” (2,5) 

- “I think the long menu questions are especially suitable for testing if you understand the patient problem and 
can actively apply your knowledge. They showed me the gaps in my knowledge and motivated me the most 
to study.” (3,5)  

- “The long menu questions often caused “aha” effects. For example if you had to give five differential 
diagnoses, you very quickly recognised the gaps in your knowledge, which was not the case with the short 
menu questions.” (4,2) 

4. Specific feedback  
- “It is very helpful to receive feedback from an expert on every decision to learn what is right and what is 

wrong and why it is so.” (1,3) 
- “It is very helpful when feedback identifies crucial aspects you must never forget and less important aspects”. 

(4,1) 
- “It was good to get feedback on your overall performance in the different parts of the patient work up, to 

know in which areas you are doing well and where improvement is required.“ (4,4) 

5. Appropriate media use 
- “The initial picture of the patient, the illustration of physical findings with pictures and video sequences and 

pictures of the results of lab tests and other investigations helped to make the case realistic and get the 
feeling that there is a real patient in front of you.” (4,2) 

- “It is very helpful when a finding in which you can see something is also illustrated by a picture and then you 
have to describe it and get feedback. That is much better for learning than to have the findings directly 
reported in words. Furthermore I learned more from graphics illustrating complex relationships than from 
texts describing complicated relationships.” (1,2) 

- “It was very helpful to also see normal findings for comparison, e.g. a normal chest X-ray or normal lung 
sounds. The more often you can make this comparison, the better you get at recognising the important 
differences.” (4,3) 

 
Table 3 Characteristic citations from the focus group discussions about principles 6-10 of virtual patient design 
Numbers in parentheses indicate the focus group and the student 

6. Focus on relevant learning points 
- “The web-based interface should be such that it is self-evident and everything is easy to find and use and not 

distracting“ (1,3) 
- “I think texts should focus on the most relevant issues and be clearly written and possibly supported by tables 

and graphics. The main issues should be marked by printing the text in bold or different colours.” (5,7) 
- “To make texts more clear, they should focus on the essential issues only and link to further details via 

hyperlinks or by searching in a textbook or database.” (4,2) 

7. Recapitulation of key learning points 
- “I found the many multiple choice and free text questions at the end of a case very helpful to recapitulate 

important aspects and check whether I really understood things.” (3,3) 
- “I found the summary with the take home messages at the end of the case very helpful. It should be possible 

to print out this page and all the other relevant comments, figures etc.” (5,2) 
- "I got the most out of questions like ‘to what 5 things do you pay the most attention in this or that aspect?’ 

And then I had to write that down myself”. (3/2) 
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8. Authenticity of the design of the web-based interface 
- “[In CAMPUS-Classic VPs with a more authentic web-based interface] I felt that I first made a decision and 

then carried it out. It felt like being the doctor in charge, sitting behind my desk, and I had to treat this 
patient. This motivated me.“ (3,5) 

- “I found it useful to have the picture of the child in front of me and then perform a structured physical 
examination. It is more realistic and authentic that way and helps to get an own standard in performing a 
physical.” (4,4) 

- “[The more authentic web-based interface] with its visualisation of the treatment room and the physical 
examination supported the feeling of being the doctor in charge much more than if mainly textual 
information is provided." (4/3) 

9. Authenticity of student tasks 
- “It was great to manage the patient from admission to discharge and to make all the decisions, which we 

had done much too rarely before this, but which we should practise far more often in other clinical 
specialities as well.” (4,2) 

- ”I found the simulative system [CAMPUS–Classic VPs] with long menu questions very realistic, because as in 
real life you have to know things and you do not get a limited number of options to choose from. This 
motivated me greatly to study and resulted in higher  learning gains.” (2,3) 

- "In real life you rarely have the opportunity to follow a patient from admission to discharge, let alone make 
all the decisions, including what to ask, investigate and how to  manage the patient. To do this and get 
feedback was extremely helpful" (4/3) 

10. Questions and explanations tailored to the clinical reasoning process 
- “It helped my learning when questions, expert comments and feedback focused on clinically relevant themes, 

such as the differential diagnostic approach and patient management.” (2,2)  
- “I found the questions that focused on clinical management and differential diagnosis very helpful. In 

combination with the feedback they helped me to develop a picture of what are relevant differential 
diagnoses in such a patient and why and which are not. This kind of focus on differential diagnosis I missed in 
my previous studies. When I met a real patient with a similar symptom in an ambulatory setting I knew for 
the first time exactly what to do and in what order” (3,3) 

- “I found it very helpful that right from the beginning the program actively involved you in a thinking process 
like that of a doctor. For example, at the start, we were asked to give our differential diagnosis and then 
again and again after ruling out the differential diagnoses step by step and stating the correct diagnosis.” 
(1,2) 

- “It helped enormously when the program asked you to state what supports the differential diagnoses and 
what does not and why. So you become aware of which information or investigations are relevant for your 
decisions which you may not have been aware of if the program had not asked you about it explicitly. In this 
respect, I found the free text questions ideal.“ (3,3) 

- “I found it helpful that you were asked to summarise the case in abstract words. It helped you focus your 
thinking on differential diagnoses in a certain direction and directed your further decisions.” (5,7) 

DISCUSSION AND CONCLUSION 

We explored students’ perceptions of VPs to identify features that make VPs suitable 
for learning, especially related to clinical reasoning. The students discussed VP design 
after exposure to at least 8 VPs varying in presentation mode and in the amount of 
explicit attention to clinical reasoning and media usage. According to the students, 
learning is facilitated when VPs are relevant, of appropriate difficulty, interactive, pro-
vide specific feedback, make appropriate use of different media, help them focus on 
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relevant learning points, foster recapitulation of key learning points, are authentic in 
terms of the web-based interface and student tasks and ask questions and offer expla-
nations that enhance clinical reasoning. 
 Some of the criteria mentioned by the students are in line with design criteria for 
multimedia learning tools described in the literature, such as interactivity (principle 2, 
(Stemler 1997, Huang 2005)). However, to our knowledge, no studies have compared 
the effects of Short and Long Menu questions on learning with multimedia learning 
tools. Our study shows that students favour Long Menu questions, because they find 
these questions challenging, suitable for identifying gaps in their prior knowledge and 
motivating. 
 According to Grunwald and Corsbie-Massay (2006), web-based interfaces address 
two conflicting goals: that of entertaining and engaging the learner, and that of remain-
ing free of potentially distracting elements to limit cognitive load and ensure that any 
changes are lasting and cumulative. This is exactly what the fifth year medical students 
told us about the web-based interface design when they asked for authenticity on the 
one hand (principle 8) but also for focus on relevant learning points achieved through 
absence of redundant information, ease of use, and highlighting of important issues 
with links to more detailed information (principle 6). Although our study focused on 
features of VP design that foster clinical reasoning in particular, some features men-
tioned by the students also reflect general principles of effective case design (principles 
1, 2, 4), as described by Kim et al. (2006).  
 According to our students, it is not only the web-based interface that should be 
authentic (principle 8) and supported by authentic media use (principle 5). Authenticity 
is even more crucial for the tasks students are given to perform (principle 9). The stu-
dents want to be prompted in a realistic way to make all the required clinical decisions 
(principle 9) and receive appropriate guidance and feedback (principles 2 and 4). This 
view is also voiced by Herrington (2006), who in his article on authentic e-learning con-
cludes that “cognitive realism” is rather more important for learning than photo-
realistic design of simulations. 
 In the introduction section, we referred to Bowen’s (2006) recent review of strate-
gies to enhance students’ clinical reasoning skills. The students found these strategies 
(principle 10), together with principles 3, 4 and 9, especially helpful in fostering clinical 
reasoning and preparing them for encounters with real patients. To our knowledge, 
there are no reports in the literature of the implementation of such strategies in virtual 
patients and their impact on student learning. Our results also demonstrate that VPs 
designed in accordance with the principles proposed in this study are judged by stu-
dents as supporting their learning and offering excellent preparation for clinical reason-
ing in real patient encounters.  
 This study is limited because it was confined to the lowest Kirkpatrick level. Natural-
ly, the effects of the VPs on student learning also need to be studied by controlled ex-
perimentation using outcome variables higher up the Kirkpatrick levels. Another limita-
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tion is that focus group interviews is a qualitative method which is susceptible to bias, 
e.g. by the influence of the moderator. We tried to counteract this by having an experi-
enced moderator actively promote input from all participants, stressing that different 
experiences were equally valuable and asking the students to write down some 
thoughts on a topic before it was discussed in the group. Because the abundance of VP 
systems and design options precluded inclusion of all possible VP designs, it cannot be 
ruled out that some relevant aspects may have been overlooked. Another limitation is 
that the generalizability of the results is limited because they were obtained from clerk-
ship-level undergraduate medical students only.  
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SUPPORTING INFORMATION:  

 
Figure 1 
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Legend Figure 1: 

A1-A4:  Simulative presentation mode (CAMPUS-Classic)  
B1-B4:  Card-based presentation mode (CAMPUS-Card).  
A1 vs. B1: Relatively authentic web-based interface (CAMPUS-Classic) versus non-authentic web-based 

interface (CAMPUS-Card). A click on one of the icons “mother with child”, “stethoscope”, “X-ray on 
wall” in A1 takes a student to the related part of the case work up, such as history taking, physical 
examination and additional investigations etc. 

A2 vs. B2: Same case and content of the two presentation modes. 
A3 vs. B3: Physical examination is visualised in the simulative presentation mode (CAMPUS-Classic) on a 

mannequin vs. no visualisation (CAMPUS-Card); the pictures of the patient or of remarkable find-
ings are the same in both presentation modes. 

A4 vs. B4:  Long Menu vs. Short Menu questions. 

 
Table 4 The sequence of questions (questioning route) used by the moderators in guiding the focus group 
discussions 

We would like you to think back to when you were working through the different virtual patients. 
Question 1 (30 minutes) 
- Which aspects of the two virtual patient player modes fostered your learning (especially clinical reasoning) 

the most and why. Try to illustrate this with some examples. 
Question 2 (15 minutes) 
- Which aspects of the two virtual patient player modes did not support your learning and why. Try to 

illustrate this with some examples. 
Question 3 (30 minutes) 
- Which aspects of the content of the virtual patients promoted your learning (especially clinical reasoning) 

the most and why. Try to illustrate this with some examples. 
Question 4 (10 minutes) 
- Which aspects of the content of the virtual patients did not support your learning and why. Try to illustrate 

this with some examples.  
Question 5 (35 minutes) 
- Suppose there are unlimited resources for developing virtual patients, how should the ‘ideal’ virtual patient 

be designed to maximise your learning especially in clinical reasoning and prepare you best for your future 
professional practice, i.e. dealing with real patients. Try also to think of aspects you have not experienced 
yourself. Try to be as specific as possible. 
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ABSTRACT 

Introduction: Although on-screen ‘‘virtual patients (VPs)’’ have been around for dec-
ades it is only now that they are entering the mainstream, and as such they are new to 
most of the medical education community. There is significant variety in the form, func-
tion, and efficacy of different VPs and there is, therefore, a growing need to clarify and 
distinguish between them. This article seeks to clarify VP concepts and approaches 
using a typology of VP designs. 
Methods: The authors developed a VP design typology based on the literature, a re-
view of existing VP systems, and their personal experience with VPs. This draft frame-
work was refined using a Delphi study involving experts in the field, and was then vali-
dated by applying it in the description of different VP designs. 
Results: Nineteen factors were synthesized around four categories: general (title, de-
scription, language, identifier, provenance, and typical study time); educational (educa-
tional level, educational modes, coverage, and objectives); instructional design (path 
type, user modality, media use, narrative use, interactivity use, and feedback use); 
technical (originating system, format, integration, and dependence). 
Conclusion: This empirically derived VP design typology provides a common reference 
point for all those wishing to report on or study VPs.  
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BACKGROUND  

A number of medical educators have been enthusiastically embracing the use of virtual 
patients for teaching and learning activities (Huang et al, 2007). However, all too often 
educators and developers use the term virtual patient ambiguously. Language shapes 
and delimits our understanding, and having a robust and common set of terms helps to 
identify and understand differences and similarities between different instances of 
phenomena. A key step to better understanding and reporting therefore is the devel-
opment of well-defined and unambiguous language and concepts to describe (and 
therefore provisionally model) the phenomena under observation. This step should be 
considered in the context of problems with comprehensive and common vocabularies 
for medical education as a whole (Haig et al, 2004) and with virtual patients in particular 
(Cook and Triola, 2009). The framework presented in this paper is intended to improve 
precision and clarity in research, development and practical applications of virtual pa-
tients.  

VIRTUAL PATIENTS 

A virtual patient has been defined as "an interactive computer simulation of real-life 
clinical scenarios for the purpose of healthcare and medical training, education or as-
sessment" (Ellaway, Candler et al., 2006). This definition is intentionally broad and inclu-
sive and therefore not without problems, not least because it covers so many different 
kinds of designs and applications. The development and use of virtual patients is not a 
new phenomenon, there have been variations on a theme of computer simulations of 
patient encounters since the 1970s when computers first became available in classroom 
settings and there have been many tools and materials developed since then. 
 It should be noted that although virtual patients can be built manually using stand-
ard web and multimedia tools it is more usual (at least so far) for them to be built inside 
dedicated systems that both streamline the authoring process and provide the facilities 
to run the resulting virtual patients. As with any technology, these systems intrinsically 
reflect the norms, values and concepts held by their designers (Scarborough and Cor-
bett, 1992) and the kinds of virtual patients they support in turn reflect the designs and 
affordances of their originating systems.  
Returning to the definition of what constitutes a virtual patient we are immediately 
faced with a problem: 
• Interventions and designs that fall within the description of virtual patients are de-

scribed using different terms. For instance the following terms (with variations) have 
all been used to describe designs that are what we would consider to be virtual pa-
tients: ’case-based learning systems’ (Aha, 1991, Garde at al. 2005), ‘computer-
aided simulations of the clinical encounter’ (Harless et al, 1971: Melnick, 1990), ‘in-
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teractive patients’ (Gerritsma and Smal, 1988: Hayes and Lehman, 1996), ‘comput-
erized clinical patient problems’ (Pickell et al, 1986), ‘patient simulation by comput-
er’ (Verbeek, 1987: Clauser et al, 2002), ‘patient simulations’ (Bergin and Fors, 2003: 
Finkelstein et al,1991) and finally ‘virtual patients’ (Zary et al, 2006: Begg et al, 
2007). 

• Interventions that may be called virtual patients but are quite different from the 
working definition, including: ‘simulated patients’ or “standardized patients” (actors 
playing the role of patients, for instance in developing communication skills or as 
part of an OSCE station), physical simulation artefacts (ranging from whole body 
models such as mannequins, to individual body parts such as task trainers), physio-
logical models (computerized algorithms representing physiological processes) and 
real patients reflected in the data held about them in health records and other da-
tabases. 

Clearly, clarifying what interventions are similar and which are different is a major part 
of informed development and a move to better and more targeted use of this class of 
educational interventions. A well-defined typology is necessary to clarify the structure 
of virtual patients, discriminate between the different virtual patient types and respec-
tive instructional approaches, avoid the confusion which exists when a single term co-
vers a host of sometimes incompatible instructional and assessment approaches, facili-
tate the search process of virtual patients by authors, teachers and learners, for pur-
poses of virtual patient design and for research and evaluation. By being able to differ-
entiate virtual patient designs and approaches, it becomes possible to more objectively 
and meaningfully ascertain the advantages and disadvantages of each and where they 
might most appropriately be used.  

Towards a Typology 

The work presented here arose from the EU eViP Project (http://www.virtualpa 
tients.eu), that involved the exchange of virtual patient materials between eight institu-
tions using four different systems and spanning six countries. The technical interopera-
bility was tackled using the MedBiquitous virtual patient specification 
(http://medbiquitous.org/working_groups/virtual_patient) as a transport mechanism 
between systems. However, a key part of this project was to develop clearer mutual 
understanding and appreciation of the different approaches taken by the different 
partners, most of who already had significant track records in virtual patient develop-
ment.  
 All of the partners had extensive experience in developing and using virtual patients 
but in different ways. A key requirement was therefore to build mutual understanding 
of the different approaches reflected in the systems used: 
• CASUS (http://www.casus.net): developed at Ludwig-Maximilians-University Munich 

and the spin-off company Instruct AG, is a multilingual authoring and runtime shell 



TYPING VIRTUAL PATIENT DESIGN 

47 

based on a client-server architecture. Virtual patients developed with the authoring 
component can be presented in a card-based mode for learning with eight different 
answer-types and a pre-determined workflow (path type: linear string of pearls). A 
mapping-tool for supporting hypothetical-deductive processes is also included. The 
assessment mode on a dedicated server supports secure browsing and encrypted 
logs of user performance. For more on this system see Fischer (2000). 

• CAMPUS (http://www.campusvirtualpatients.com): developed at the University of 
Heidelberg, is a multilingual vocabulary-based VP shell. VPs developed with the au-
thoring component can be presented in three modes: (1) The simulative mode 
(CAMPUS classic) with mainly long menu questions, an authentic user interface and 
relatively free navigation (path type: linear string of pearls); (2) The card-based 
mode (CAMPUS card) with mainly short menu questions and a pre-determined work 
flow (path type: linear string of pearls); and (3) the assessment mode with a network 
fault tolerant client-server-architecture and certainty of law using automatically 
generated video files. For more on this system see Garde et al. (2005). 

• OpenLabyrinth (http://sourceforge.net/projects/openlabyrinth/): originally devel-
oped at the University of Edinburgh and subsequently by a number of partners as an 
open source educational gaming engine it uses branching paths and a range of 
game-like features such as counters, rules, conditionals and dynamic feedback to 
support a wide range of different scenario and activity designs. It should be noted 
that other than supporting the MedBiquitous data standard there is nothing medi-
cine-specific in the OpenLabyrinth platform. For more on this system see Begg et al 
(2007). 

• Web-SP (http://www.web-sp.org/): developed at the Karolinska Institutet in Stock-
holm is a multi-lingual framework for creating and running virtual patients aimed at 
all health science disciplines. It supports linear string of pearls paths composed of a 
combination of the modules available. For more on this system see Zary et al. (2006) 

 
Other systems and approaches considered include those developed at McGill Molson 
(http://www.afmc.ca/chec-cesc/cases-e.php), Tufts (http://tusk.tufts.edu/about/case 
player), Pittsburgh (http://zone.medschool.pitt.edu/sites/LET/ardp.aspx#VP), NYU 
(http://wise-md.med.nyu.edu/Init.action), IVIMEDS (http://www.ivimeds.org/Ivimeds/ 
pagepublic.do?id=7),and Stanford (http://timhowgego.com/stanford-virtual-worlds-
research.html).  
 Other reference points included: 
• The IEEE learning object metadata (LOM) specification (http://ltsc.ieee.org/wg12/) 

designed for the classification of educational materials. The LOM has useful typolog-
ical patterns such as those for describing contributions, semantic density and ver-
sioning. 

• Meller’s typology of simulation (1997) identifies components within a simulation 
regarding what is being simulated (the patient and/or disease process, procedures, 
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tests, equipment, physician or paraprofessional and the professor or expert practi-
tioner) and in what way (passive, active, interactive). 

• Kim and colleagues (2006) identified a set of key factors for developing teaching 
cases, including; relevance (level of learner, goals and objectives, setting of case nar-
rative) realism (authenticity, distractors, gradual disclosure), engagement (rich con-
tent, multiple voices and perspectives, outcomes dependent on learners' actions), 
challenge (difficulty, atypicality, variation in structure and sequencing), and instruc-
tional (scaffolding, assessment, tracking, feedback, resources and aids). 

 
The development of the typology was executed as follows: 
• The authors initially developed a ‘straw man’ proposal for a virtual patient design 

typology based on the reference frameworks, a review of existing virtual patient sys-
tems, and their personal experience with virtual patients. This first iteration was split 
into design and implementation sections with 23 factors identified in the former and 
9 factors in the latter.  

• The next step involved the first draft framework being refined by repeatedly asking 
for comments, changes and ratings of the different factors in a Delphi like study 
within the author team to create a second framework. Contributors rated the im-
portance of each domain as well as each of the corresponding factors on a 5-point 
numerical scale. Raters were instructed to indicate those items whose meaning or 
importance they did not understand or agree with. The second framework com-
bined the design and implementation aspects into four headings (basic characteris-
tics, design, educational, technical) with 27 factors across these headings. 

• Finally, a third framework was derived and validated by applying the second frame-
work in the description of a subset of different exemplar virtual patients and involv-
ing further virtual patient experts. When all expert members had completed the 
third round of factor and domain rating, mean ratings were calculated and further 
adjustments were made to reflect the consensus gained.  

All six authors completed the three rounds of the Delphi consensus building process. 
Reiterative discussions were held between the authors during which the overall struc-
ture of the typology was discussed and developed. Other inputs involved individual 
review of other virtual patient systems encountered at other institutions or from com-
mercial providers and a background review of the literature gathered as part of a BEME 
review into virtual patients. 

RESULTS 

The typology derived is expressed as a framework that can be used in both as a descrip-
tive model and as a way of classifying. This resulting framework involves 19 key factors 
grouped under four main categories (see table 1). 
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Table 1: Virtual patient typology framework 

Category Factor Description 

General Title Name given to the virtual patient activity. 
Description Free-text 
Language Standard language indicator including version – eg EN-

GB indicates British English and EN-US is US English. 
Identifier Unique ID or address 
Provenance Author and other contributor information. 
Typical study time Time in minutes for typical learner to complete activity. 

Educational Educational level Target learner level, for instance year 1 undergraduate, 
3rd year resident etc 

Educational modes  Teaching, learning and assessment, and formative or 
summative aspects. 

Coverage Topic area(s) covered. 
Objectives and outcomes Objectives of the activity and any outcomes they 

address. 
Instructional 
Design 

Path type Linear string of pearls, branching 
User modality Number of users involved in an activity, roles they take 
Media & resources Use of images, audio, video, animations etc. 
Narrative use and patient focus Balance between presenting data (reading a history, 

getting test results) and telling a story (engaging in 
conversation, character, motive).  
In what way are patients involved in the activity design – 
are they the main focus (such as diagnosing and treating 
a patient) or a vehicle for other issues such as team 
working, basic science or professionalism.  

Interactivity use Kinds of questions, tasks and challenges faced. Overall 
number of cognitive interactions. 

Feedback use Kinds of feedback and whether during an activity or at 
the end (or both) 

Technical Originating system Which tool or system was used to create the activity? 
Format What technical format is used at the user end – typically 

text/HTML for web and application/EXE for disc-based 
media. 

Integration and dependence What other tools, systems or other contextual factors 
does the activity depend upon to run properly? 

 
The framework was validated against the authors’ own systems and cases (table 2). 
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Table 2: High level review of virtual patients from four different systems using the typology framework.  

 CASUS CAMPUS classic OpenLabyrinth Web-SP  

Title Sneezing pet dealer 
with foot pain 

Infant with fever Sarah Jane Tom P Miller 

Description Elderly female pet 
dealer with acute pain 
in her right foot in the 
absence of an adequate 
trauma. 

Infant with fever comes 
to a paediatric 
emergency room. 
Learner is the doctor in 
charge for this patient 
and has to take the 
same decision a doctor 
would need to make in 
real life (e.g. choosing 
history questions, 
physical exams, lab 
tests, DD, therapies, 
etc.).   

Learner diagnoses 
and treats a sick 
baby and deals with 
her distraught 
mother. 

Patient with 
symptoms of 
pneumonia 

Language German German EN-GB EN-US 
Identifier evip:vp:1000170 evip:vp: 1000263 Multiple versions evip:vp:1000114 
Provenance Eversmann, Ruf, 

Fischer, LMU Munich 
Huwendiek, Höcker, 
Seidel, University of 
Heidelberg 

Jonathan Round, St 
Georges, University 
of London 

Virtual Patient Lab, 
Karolinska Institutet, 
Sweden 

Typical study 
time 

20 minutes 45 minutes 15 minutes 25 minutes 

Educational 
level 

Undergraduate – 3rd 
year 

Undergraduate – final 
years 

Undergraduate – 
final years 

Undergraduate – 
clinical years 

Educational 
modes  

Learning and formative 
assessment  

Learning and formative 
assessment 

Formative 
assessment 

Learning and 
assessment 

Coverage Internal Medicine Paediatrics Paediatrics Internal medicine 
Objectives 
and outcomes 

Learners will learn the 
different reasons for 
pathologic fractures. 
They will also learn 
about risk factors, 
preventive measures, 
and diagnostic and 
therapeutic strategies 
with respect to those 
fractures with a focus 
on osteoporosis. 

Learners will learn how 
to gather relevant 
information, diagnose, 
treat and manage an 
infant with fever.  
At the end of the activity 
learners will be able to: 
(1) Describe how to 
establish a diagnosis in 
an infant with fever 
without focus; 
(2) Describe how to rule 
out relevant differential 
diagnoses; 
(3) Describe how to 
manage such an infant. 

Learners will 
rehearse skills 
diagnosing and 
managing a sick baby 
along with other 
environmental 
issues. 

Learners will learn to 
diagnose a patient 
with pneumonia and 
provide the proper 
treatment and 
management 
strategies 

Path type Linear string of pearls Linear string of pearls  Branching Linear string of pearls 
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 CASUS CAMPUS classic OpenLabyrinth Web-SP  
User modality Single user plays the 

role of an MD in the 
emergency room of a 
hospital, follow up in GP 
practice. 

Single user plays the 
role of the paediatrician 
in charge, first in the 
emergency room then 
on ward 

Single user plays the 
role of a GP then an 
SHO 

Single user plays the 
role of an MD at a 
university hospital 

Media & 
resources 

Text, static graphics and 
images. 

Text, static graphics, 
videos 

Purely text-based Text, images, video 
and sound 

Narrative use 
and patient 
focus 

Told from the patient’s 
perspective 

Told from patient’s and 
mother’s voices active. 

Told from second-
person perspective, 
patient and mother’s 
voices active. 

Told from the 
patient’s perspective 

Interactivity 
use 

Clickable options 
(questions, exams, labs) 
and text input 
(diagnosis, patient 
management) 
Overall number of 
cognitive interactions:  
10 

Long menu questions 
Multiple choice 
questions 
Free text questions 
Overall number of 
cognitive interactions: 
133 

Clickable text 
options for the 
different decision 
points in the 
scenario. 

Clickable options 
(questions, exams, 
labs) and text input 
(diagnosis, patient 
management) 
Overall number of 
cognitive 
interactions: 57 

Feedback use Feedback is given to 
each decision by 
comparison with the 
expert decision. Often 
reasons why a decision 
is right or wrong are 
provided. Feedback is 
provided immediately 
and statistically 
summarized at the end 
of the activity. 

Feedback is given to 
each decision by 
comparison with the 
expert decision. Often 
reasons why a decision 
is right or wrong are 
provided. Feedback is 
provided immediately 
and statistically 
summarized at the end 
of the activity. 

Formative as part of 
case narrative – 
simple concluding 
points when 
endpoint is reached, 
no score or grading. 

Delayed feedback – 
both formative 
(neutral and 
individualized) and 
summative (built-in 
scoring/grading 
module) 

Originating 
system 

CASUS, - see Fischer 
(2000) 

CAMPUS classic - see 
Garde et al. (2005) 

Excel/OpenLabyrinth 
– see Round (2006). 

Web-SP Built-in 
authoring tool 

Format DHTML frontend, 
servlet and JSP 
backend. 

Interactive Java-Applet 
inside Web-Browser 

Text/HTML Text/HTML 

Integration 
and 
dependence 

Requires CASUS 
backend to run 

Java Plug-in respectively 
Java Runtime 
Environment (JRE), 
CAMPUS backend, 
otherwise independent 

Requires 
OpenLabyrinth to 
run, otherwise 
independent 

Requires Web-SP to 
run, otherwise 
independent 
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DISCUSSION 

In this empirically-derived virtual patient design typology we synthesized 19 factors 
around 4 categories: general (title, description, language, identifier, provenance, typical 
study time); educational (educational level, educational modes, coverage, objectives); 
instructional design (path type, user modality, media use, narrative use, interactivity 
use, feedback use); technical (originating system, format, integration and dependence). 
 In developing this typology we have identified a number of issues, which we will 
address in the following. 
• The instructional design of virtual patients depends much on the technical af-

fordances of the systems used to create them. We can envisage a two-step model 
that describes the functionality within the host system followed by specific charac-
teristics of the virtual patient(s) within that system. It is also possible that if and as 
the key affordances required of virtual patient systems become clearer that there 
will be greater convergence between systems through convergent adoption as core 
functionality. For now, there is significant (although now better understood) diver-
gence between system designs, which in turn limits functional separation between 
the instructional design and their authoring and delivery context. It should be noted 
that this has also been a key dynamic in the development of the MedBiquitous in-
teroperability model for virtual patients with developers implementing key features 
in the specification into their own platforms. 

• Activities such as PBL cases and virtual patients have much of their value linked to 
progressive disclosure and discovery. Declaring the factors “coverage”  and “objec-
tives and outcomes” of the category “educational” in total to learners in advance 
could significantly diminish this value. Public descriptions of any educational re-
source need to be circumspect as to what is disclosed in advance so as to retain 
their emergent value. 

• Generally, and despite their different approaches to virtual patient development, 
there was a good level of consensus between the authors in developing the frame-
work. For instance, some discussion was required to clarify relatively unfamiliar or 
ill-defined areas such as narrative, patient focus or user modality than to do with 
opposing needs or perspectives. One area requiring further investigation is that of 
the instructional design in terms of the path type of virtual patients. Two broad cat-
egories were identified (see figure 1): 
o Linear string of pearls: there is a predefined sequence of master steps through a 

case, each one can contain many options. There is a single endpoint. 
o Branching: the learner can select from any number of branching alternatives 

through a case possible with different end points 
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Figure 1: Two path type variations of virtual patients (category: instructional design). Boxes represent user
actions, choices or screens and the lines between them the available options to move between them. At top is
the linear string of pearls model and at the bottom the branching model. 

 
A number of the constituent factors of the proposed typology have existing empirical 
and theoretical bases in strategies for teaching case design (Kim and colleagues 2006), 
for instance appropriate educational level, media and interactivity use, and the use of 
feedback. New factors include factors such as narrative and user modalities and creat-
ing a comprehensive model that combines educational and technical factors, in particu-
lar the path type of virtual patients 
 The framework is intended to foster enhanced discourse among virtual patient de-
velopers and users, particularly with respect to understanding similarities and differ-
ences between different systems and instances. For instance, a number of the authors 
are also involved in a BEME review of virtual patients; the work reported here is pre-
sented to be an essential precursor study to the main review. The framework is also 
intended to help clarify key concepts and support greater rigour in research into the 
development and use of virtual patients. In particular, a common semantic framework 
can support the much needed experimental investigation and identification of causal 
links between virtual patient design factors and their utility and efficacy as raised by 
Cook and Triola (2009). We encourage greater critical awareness and clarity in under-
standing and differentiating between these new educational interventions, in design, 
application and evaluation. 
 A limitation of this study is that although a number of different designs were consid-
ered in creating this framework it is not exhaustive in sampling from all such designs 
worldwide. It is also recognized that virtual patient development is not static and that 
new approaches, technologies and educational models are still being developed, for 
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instance involving the use of virtual worlds such as Second Life. As a result, it is ex-
pected that this framework  will continue to be refined and improved. The next step will 
therefore be to implement the framework with a larger group of virtual patient devel-
opers and experts and investigate their reactions to the framework. 

CONCLUSIONS 

Despite the increasing use of virtual patients worldwide there has so far been no over-
arching study that synthesizes the many designs and approaches to create a common 
framework and vocabulary of virtual patient design. The authors, by developing an em-
pirically-derived virtual patient design typology, expressed as an integrated framework, 
have provided a common reference point for all those wishing to report on or study 
virtual patients.  

Practice Points 

• Virtual Patients are becoming part of mainstream medical education 
• There are no suitable frameworks or vocabularies at present for describing virtual 

patients in a way that clarifies their similarities and differences 
• This paper reports a virtual patient framework based on 19 factors across four cate-

gories 
• The proposed virtual patient design typology can help to clarify virtual patient con-

cepts and approaches and establish more objective and meaningful ways of report-
ing on or evaluating them 
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ABSTRACT 

Background: Virtual patients (VPs) are increasingly used to train clinical reasoning. So 
far, no validated evaluation instruments for VP design are available. 
Aims: We examined the validity of an instrument for assessing the perception of VP 
design by learners. 
Methods: Three sources of validity evidence were examined: (i) Content was examined 
based on theory of clinical reasoning and an international VP expert team. (ii) The re-
sponse process was explored in think-aloud pilot studies with medical students 
and in content analyses of free text questions accompanying each item of the instru-
ment. (iii) Internal structure was assessed by exploratory factor analysis (EFA) and inter-
rater reliability by generalizability analysis. 
Results: Content analysis was reasonably supported by the theoretical foundation and 
the VP expert team. The think-aloud studies and analysis of free text comments support-
ed the validity of the instrument. In the EFA, using 2547 student evaluations of a total of 
78 VPs, a three-factor model showed a reasonable fit with the data. At least 200 student 
responses are needed to obtain a reliable evaluation of a VP on all three factors. 
Conclusion: The instrument has the potential to provide valid information about VP 
design, provided that many responses per VP are available.  
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INTRODUCTION 

Virtual Patients (VP) are increasingly being used in medical education (Fall et al. 2005, 
Huang et al. 2007, Poulton & Balasubramaniam 2011, Berman et al. 2011, Cook et al. 
2010, Cook & Triola 2009). They have been defined as ‘interactive computer simulations 
of real-life clinical scenarios for the purpose of medical training, education, or assess-
ment’ (Ellaway et al. 2008), and seem to be especially suited to fostering clinical reason-
ing (Cook & Triola 2009). VP design is essential for the educational success of VPs 
(Huwendiek et al. 2009b, Edelbring et al. 2012). The inherent costs of developing VPs 
(Huang et al. 2007) underline the importance of paying careful attention to VP design. 
Together with the increasing use of VPs both nationally (Fall et al. 2005, Berman et al. 
2008 & 2011) and internationally (Balasubramaniam et al. 2009, Poulton & Balasubra-
maniam 2011), within the scope of the “electronic Virtual Patients” (eVIP) project 
(www.virtualpatients.eu/, Poulton et al. 2007), these arguments led us to the realization 
that a short and standardized evaluation tool of VP design is a prerequisite for achieving 
an further expansion of VP use in medical education. 
 To the best of our knowledge, to date, there is no existing theory-guided and vali-
dated evaluation instrument for assessing VP design that would allow improved judge-
ments and feedback in the process of developing VPs. For the development of such an 
evaluation instrument, a theoretical framework is required (Cook & Beckman 2006), but 
no such framework has yet been published.  
 As a conceptual basis for the development of an evaluation instrument for assessing 
VP design, we found the following model and strategies to be useful:  
 Gruppen and Frohna described a model of clinical reasoning that integrates the key 
features of several theoretical frameworks (Gruppen & Frohna 2002). In summary, this 
model encompasses six elements: 
1)  Patient situation/characteristics: This describes the patient, with all of his/her symp-

toms and characteristics.  
2)  Context: This describes the circumstances in which patients present their problems 

and/or questions, because clinical reasoning cannot occur in a vacuum (Gruppen 
and Frohna 2002).  

3)  Information gathering: This describes an active inquiry and collection of relevant 
information to judge a patient’s condition. 

4)  Problem representation: Through his/her prior knowledge, the physician experienc-
es the patient in his own way (gets a mental picture of the patient) and discrimi-
nates between important and rather less important information. The representation 
of the clinical problem changes throughout the clinical reasoning process.  

5)  Evaluation: This means the continuous comparison of the problem representation 
and the real situation and characteristics of the patient. This allows the physician to 
decide whether further information is required to establish the correct diagnosis;  
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6)  Prior knowledge: The prior knowledge of the physician is a very important compo-
nent of the clinical reasoning process. The organization of knowledge has been 
shown to be highly relevant for expertise development (Gruppen & Frohna 2002).  

 
The above-mentioned elements of clinical reasoning are usually passed through several 
times in a cyclical manner before a decision or diagnosis is finally reached.  
 In a recent review of educational strategies to promote clinical reasoning, Bowen 
emphasised techniques including the following (Bowen 2006): asking open-ended ques-
tions; asking for single-sentence summaries of patient problems in abstract terms; ask-
ing for discriminating features of a set of diagnostic hypotheses; comparing and con-
trasting diagnostic hypotheses based on real clinical data; and demonstrating typical 
presentations of different diagnostic hypotheses and the relative probabilities of differ-
ent diagnoses.  
 Kim et al. (2006) synthesised strategies for developing teaching cases based on five 
core attributes and concluded that teaching cases need to be relevant, realistic, engag-
ing, challenging and instructional.  
 Huwendiek and colleagues (Huwendiek et al. 2009b) described the following princi-
ples for designing VPs to foster clinical reasoning: A VP should be relevant, have an 
appropriate level of difficulty, be highly interactive, offer specific feedback, make opti-
mal use of media, help students to focus on relevant learning points, offer recapitula-
tion of key learning points, provide an authentic web-based interface and student tasks, 
and contain questions and explanations tailored to the clinical reasoning process. 
 Taking these theoretical notions and strategies into account, an instrument to eval-
uate VP design was developed within the eVIP project (Poulton et al. 2007, Huwendiek 
& de Leng 2010), which aimed to develop and share high-quality VPs among European 
countries. The aim of the present study is to find support for the validity of this instru-
ment. 
 To assess the validity of an instrument, a variety of different sources of evidence can 
be distinguished (American Educational Research Association and American Psychologi-
cal Association 1999, Downing 2003, Cook & Beckmann 2006): (i) Content: do instru-
ment items completely represent the construct? (ii) Response process: the relationship 
between the intended construct and the thought processes of subjects or observers; 
(iii) Internal structure: acceptable reliability and factor structure; (iv) Relations to other 
variables: correlation with scores from another instrument assessing the same con-
struct; (v) Consequences: do scores really make a difference? 
 In this study, we examine the first three of these sources of validity evidence to 
determine the reliability and validity of an instrument which is filled in by medical stu-
dents and which aims at assessing the perception of VPs designs with a special focus on 
fostering clinical reasoning. 
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METHODS 

Context 

The VP design instrument was developed within the international eVIP expert consorti-
um (Poulton et al. 2007, Huwendiek & de Leng 2010, www.virtualpatients.eu) to allow 
the evaluation of VP design with an emphasis on clinical reasoning using a standardised 
instrument. The final instrument should allow an evaluation of VP design during regular 
courses at the involved medical schools. One prerequisite was that the instrument 
should be easy and quick to fill in. Therefore, the decision was made to use a small 
number of rather broad questions accompanied by free text questions rather than a 
large number of detailed and specific questions. This should allow for a broad use of the 
instrument and enable a good response rate to be obtained. A further prerequisite was 
that the instrument should ultimately be available in the partners’ native languages 
(English, Dutch, German, Polish, Romanian and Swedish).  

Content 

As there is no single inclusive model for the evaluation of VPs available, as described in 
the introduction, we used the existing literature to inform the theoretical framework of 
this instrument. A preliminary instrument was developed prospectively by two of the 
authors (SH & BdL), taking into account the following literature:  The model of clinical 
reasoning by Gruppen & Frohna (2002) formed the main basis for three theoretical 
factors of the instrument (see below). As instructional aspects are not part of Gruppen 
and Frohna’s (2002) model, we added items regarding instructional methods to our 
model, which can be used within VPs to foster learning especially of clinical reasoning. 
These were informed by Bowen (2006), Kim et al. (2006) and Huwendiek et al. (2009a). 
Furthermore, a fourth factor regarding the “learning effect of consultation” was added 
in order to ascertain whether students learn from VPs. The English draft versions were 
sent to all VP experts of the eVIP consortium (n=9) for feedback. Through several 
rounds of written and verbal feedback, the instrument was further developed and mod-
ified (particularly in terms of rewording several items), until consensus on the factors 
and items of the instrument was reached.  
 The developed items were clustered around the following factors (the respective 
elements of the factors are indicated in brackets):  
Factor 1: Authenticity of the patient encounter and the consultation (context, patient 

characteristics (Gruppen & Frohna 2002)).  
Factor 2: Cognitive strategies in the consultation (problem representation, evaluation, 

information gathering (Gruppen & Frohna 2002), instructional methods (Bow-
en 2006, Huwendiek et al. 2009b)).  
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Factor 3: Coaching during consultation (prior knowledge (Gruppen & Frohna 2002), 
instructional methods (Kim et al. 2006, Huwendiek et al. 2009b).  

Factor 4: Learning effect of consultation (learning effect).  
 
Students were asked to respond to each of the 11 items in the instrument based on a 5-
point Likert scale ranging from 1 – ‘strongly disagree’ to 5 – ‘strongly agree’. Students 
were also asked to rate the overall learning experience on the same scale. Each ques-
tion was accompanied by a free text question, asking students why they answered the 
question as they did. Furthermore, the following three open-ended questions were 
added at the end of the questionnaire: (i) special strengths of the case, (ii) special 
weaknesses of the case, (iii) any additional comments.  
 To guarantee that the content of the final consensus-based evaluation instrument 
was comprehensible for students, think-aloud protocols with students were applied (for 
details, see “response process”, below). After any necessary refinements, the question-
naire was than translated into the five languages (Dutch, German, Swedish, Polish and 
Romanian) in which the instrument had to be applied. To guarantee that these local 
versions of the questionnaire still reflected the original constructs, think-aloud protocols 
were again performed with local students and the instruments were modified accord-
ingly. Finally, the instruments were back-translated into English to check that the trans-
lations corresponded to the original English instrument. The final instruments were 
included as an electronic survey at the end of the VPs of the eVIP project, which allowed 
for easy data collection and analysis. The final versions in six languages are also availa-
ble via the eVIP homepage (http://www.virtualpatients.eu/ resources/evaluation-tool-
kit/translated-versions/). See the final English version in the appendix. 

Response process 

The response process was investigated using two methods: a pilot study with students 
using a think-aloud technique and a content analysis of free text answers accompanying 
each closed question.  

Think-aloud pilot studies  
Students’ think-aloud studies were performed at two time points: first with the final 
consensus-based English-language instrument with native English-speaking medical 
students (n=6), which was then refined accordingly, and second with the translated 
instruments. In both instances, students were asked to think aloud while filling in the 
instrument, to discuss the relevance and wording of the items, and to identify factors 
that affected their answers. These group discussions lasted for about 90 min. The in-
struments were refined accordingly to achieve the intended understanding of the ques-
tions. These discussions resulted in the rewording of several items in both instances. 
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Content analysis of free text answers accompanying each closed question 
In addition, each item in the instrument was accompanied by a free text question asking 
students why they answered a question as they did. The German free text answers were 
analysed using content analysis (Mayring 2010). Two researchers (RK & SH) discussed 
the results and modified the coding accordingly. Themes and subthemes were estab-
lished in an iterative process, in which the coded themes informed subsequent discus-
sions, and the discussions in turn informed the coding process. The researchers dis-
cussed and, if considered appropriate, adjusted the themes until consensus was 
reached. The percentage of answers coded to themes corresponding to the theoretical 
foundation (elements) of each of the factors was calculated as an indicator of whether 
students had understood the questions in the intended manner.  

Internal structure 

The multilingual instrument was used by 2,547 medical students in three European 
countries (the Netherlands (Maastricht), Germany (Heidelberg), Poland (Krakow)) for 
the judgement of a total of 78 VPs.  
 First, mean scores and standard deviations were computed at the item level and at 
the factor level. Computing mean scores is appropriate, as research has shown that the 
Likert response format produces interval data at the scale level (Carifio & Perla 2008).  
 A scale construction procedure was carried out to validate the instrument. Scales 
were obtained by repeated exploratory factor analysis (EFA), reliability analysis, and 
content analysis. The factor structure was investigated for the data at the VP level be-
cause it concerns inter-item relations at the level of the rated subject. Items were re-
moved if item loadings were ambiguous (difference less than 0.2 for loadings on differ-
ent factors) and/or item loadings were too low (less than 0.4) and/or if the reliability 
(Cronbach's alpha) of the scale improved when the item was removed.  The coefficient 
alpha was estimated for each factor to determine its internal consistency. A coefficient 
of 0.70 or higher was considered as acceptable. This step of the analysis results in sub-
sets of items (scales). In the next steps, the mean score among the items of a scale 
(scale score) is used as a variable to be analysed.  

Inter-rater reliability 
Generalizability studies were conducted to investigate the inter-rater reliability of the 
scale scores resulting from the previous step, as well as for the single item global score. 
The analyses were conducted for the data at the rating level (student response) for the 
78 VPs (2,547 responses of Dutch, German and Polish medical students). The generali-
zability studies show how many student responses are needed per VP for a reliable 
indication of the VP's quality (Crick & Brennan 1983). A students-nested-within-groups 
design was used, with VPs as the object of measurement. This design allows variance 
component estimation of two sources: (i) differences between VPs (object of measure-
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ment) and (ii) differences between students nested within VP judgements (Shavelson & 
Webb 1991). Reliability indices (generalizability (G)) coefficient and standard error of 
measurement (SEM) are reported as a function of the number of students rating a VP. 

RESULTS 

Content 

As described in the methods section, a theoretical framework was used to develop the 
questionnaire. Furthermore, an international VP expert team was involved to secure the 
content validity of the instrument. However, it has to be taken into account, that both 
above mentioned arguments are rather weak indications for the content validity of the 
instrument.  

RESPONSE PROCESS 

Think-aloud study   

The think-aloud study led to the rewording of several items of the instrument. Addition 
or removal of items was not deemed to be necessary. The think-aloud studies ensured 
the intended understanding of the questionnaire as described in the methods section. 
All students agreed that the evaluation instrument is relevant and useful for evaluating 
VPs. Students supported the idea of administering the questionnaire online as a link at 
the end of a VP. 

Content analysis of free text comments accompanying each item of the instrument 
Percentages of free text comments corresponding to the theoretical foundation of each 
of the factors of the instrument were as follows: Factor 1 (Authenticity): 89% (373/418), 
Factor 2 (Cognitive strategies): 74% (239/323), Factor 3 (Coaching): 90% (497/549), 
Factor 4 (Learning effect): 90% (71/79). These high percentages of free text comments 
corresponding to the theoretical foundation of each of the factors of the instrument 
indicate that students understood the items of the questionnaire in the intended man-
ner. Examples of the free text comments can be found in Table 1. 
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Table 1: Response process, content analysis of free text comments, examples of free text comments.  
The themes and subthemes to which the free texts were coded are written in brackets. 

Factor 1: Authenticity of patient encounter and the consultation 
“clinically oriented case with the same possibilities as in a hospital for investigations” (theme: context; 

subtheme: realistic diagnostic and therapeutic options/decisions of the case) 
“realistic patient case” (theme: patient characteristics; subtheme: realism of the case itself)  
Factor 2: Cognitive strategies in the consultation 
“because you always had to think about whether new results of investigations would change your working 

diagnosis” (theme: evaluation; subtheme: judgement of the overall plausibility of the working diagnosis)  
“you had to ask for the right information like history questions, lab tests etc. to get the right information for 

evaluating the diagnosis“ (theme: information gathering; subtheme “information gathering for the 
evaluation of the working diagnosis”)  

Factor 3: Coaching during consultation 
“the good clarification in the feedback was very helpful for me in how to come to the right diagnosis in the 

patient” (theme: instructional methods; subtheme: good clarifications in feedback) 
“the questions were appropriate and allowed for active thinking about the differential diagnosis”  (theme: prior 

knowledge; subtheme: appropriateness and helpfulness of questions)   
Factor 4: Learning effect of consultation 
“I felt more experienced after doing this case, because I repeated relevant aspects” (theme: learning effect of 

the consultation; subtheme: learning effect because of repetition of relevant aspects) 
“After working on this case I have the differential diagnostic approach in my head and will always think about 

the five important differential diagnoses in an infant with fever without focus” (theme: learning effect of 
consultation; subtheme: learning effect because of focus on differential diagnostic approach) 

Internal structure 

Seventy-eight VPs were evaluated by 2547 students in the Netherlands, Germany and 
Poland. The exploratory factor analysis showed that the original model – based on all 
four factors (see Appendix) – did not fit the data. After eliminating five items, including 
both items of the factor “learning success of the consultation”, a three-factor model for 
the remaining six items was shown to represent the structure in the data reasonably 
well. Final factor analysis for these six items resulted in a Kaiser-Meyer-Olkin Measure 
of Sampling Adequacy (KMO) = 0.61 (mediocre level), and an explained variance of 84%. 
Alpha coefficients per factor were 0.74 – 0.82, indicating a high inter-item reliability per 
scale (see table 2). The mean scores and SDs for the three factors and for the global 
score at the VP level are reported in Table 2. Item mean scores and standard deviations 
(SDs) for the data at the rater (student) level (N=2547) are shown in Table 3 for the 
items of the final three-factor model. 
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Table 2: Number of items and VP-level (N=78) statistics (minimum and maximum score, mean score (scale 1-
5), SD, and coefficient alpha) for the scale scores of the final three-factor model, and the global score. 

 Item(s) N items N VP Min. Max. Mean SD Alpha 

F 1: Authenticity 1,2 2 78 3.05 4.17 3.55 0.20 .81 
F 2: Cognitive strategies 4,6 2 78 3.30 4.33 3.82 0.21 .74 
F 3: Coaching  8,9 2 78 3.21 4.50 3.87 0.21 .82 
Global Score 12 1 78 3.43 4.69 4.02 0.26 - 

 
Table 3: Mean and SD per item in the final three-factor model for the returned evaluations (N=2547). 

Factors and items Mean(1-5) SD 

Factor 1: Authenticity of patient encounter and the consultation   
While working on this case, I felt I had to make the same decisions a doctor would make  
in real life. 

3.62 0.84 

While working on this case, I felt as if I were the doctor caring for this patient. 3.39 0.89 
Factor 2: Cognitive strategies in the consultation   
While working through this case, I was actively engaged in revising my initial image of the 
patient’s problem as new information became available. 

3.74 0.82 

While working through this case, I was actively engaged in thinking about which findings 
supported or refuted each diagnosis in my differential diagnosis. 

3.80 0.77 

Factor 3: Coaching during consultation   
The questions I was asked while working through this case were helpful in enhancing my 
diagnostic reasoning in this case. 

3.82 0.81 

The feedback I received was helpful in enhancing my diagnostic reasoning in this case. 3.89 0.78 
Global Score   
Overall, working through this case was a worthwhile learning experience. 3.98 0.76 

 
The results of the generalizability studies demonstrate that the variance associated with 
the VPs for the global score is 5.86%, as reported in Table 4. This percentage is the true 
variance or the variance of interest. The variance associated with VPs varies per factor 
between 1.26% and 3.73%. The estimated variance components were used to estimate 
reliability indices (G-coefficients). Table 4 provides, per factor, the G-coefficient and the 
standard error of measurement (SEM) as a function of the number of student responses 
(N). The SEM can be used to estimate confidence intervals for individual scores.  
 The SEM should be lower than 0.25 in order to achieve a 95% confidence interval 
(estimated score ± 2 x SEM), including only one of the scale points 1, 2, 3, 4, 5. To obtain 
a reliable G-coefficient of at least 0.70 or higher, at least 40 students’ responses are 
needed for the Global Score, 75 student responses are needed for factors 2 and 3, and at 
least 200 student responses are required to obtain reliable results for factor 1 (Table 4).  
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Table 4: Estimated variance components for the variance associated with VPs and raters (students) are given 
(in percentages in brackets) and the generalizability coefficient (G-coefficient) and standard error of meas-
urement (SEM), as a function of the number of student ratings (N) for the 3 factors (scale 1–5) and the Global 
Score 

 Estimated variance components    

Factor inter-VP variance rater variance within VP N G-coefficient SEM  

F1: Authenticity 0.007 (1.26%) 0.575 (98.74%) 50 
75 
100 
200 

0.39 
0.49 
0.56 
0.72 

0.11 
0.09 
0.08 
0.05 

F2: Professional 
approach 

0.014 (3.03%) 0.455 (96.97%) 50 
75 
100 

0.61 
0.70 
0.76 

0.10 
0.08 
0.07 

F3: Coaching 0.018 (3.73%) 0.470 (96.27%) 50 
75 
100 

0.66 
0.74 
0.79 

0.10 
0.08 
0.07 

Global Score 0.034 (5.86%) 0.542 (94.14%) 40 
50 
75 
100 

0.71 
0.76 
0.82 
0.86 

0.12 
0.10 
0.09 
0.07 

Note: The global score was a separate item and is not the mean score of all of theitems. 

DISCUSSION 

This article focuses on the validity and reliability of an instrument to assess VP design 
with a special emphasis on fostering clinical reasoning by students. We sought evidence 
concerning the first three sources of evidence from the model of standards proposed 
(American Educational Research Association and American Psychological Association 
1999, Downing 2003, Cook & Beckmann 2006).  
 As the instrument was developed involving VP experts and based on a theoretical 
framework of clinical reasoning, we have some indication for content validity. The valid-
ity evidence relating to the response process in the think-aloud pilot studies led to the 
rewording of items and ensured the intended understanding of the questionnaire by 
the end users. Furthermore, the comparison of the themes in the free text argumenta-
tion of the students in the final instrument (why they rated a question in a positive or 
negative manner) with the elements of the underlying theoretical framework showed 
that high percentages of answers referred to elements of the respective factors of the 
theoretical framework. This indicates that students understood the items in the intend-
ed manner, providing additional response process validity. 
 The results of the exploratory factor analysis indicated that a three-factor model fits 
the data reasonably well (Table 2). In our study, the factor “learning success of consulta-
tion”, as the 4th factor of the original instrument, did not fit the model. A reason for this 
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might be that questions concerning one’s own learning success are particularly rater-
dependent.  
 The findings of the generalizability studies indicated that at least 40 students’ re-
sponses are needed for the global score, 75 student responses are needed for factors 2 
and 3, and at least 200 student responses are required to obtain reliable results for 
factor 1 (Table 4). It is disappointing that at the factor level, about 200 student respons-
es are needed to obtain reliable data for all factors. The reason for this high number lies 
in the low inter-VP variance on the authenticity of the patient encounter (see also Table 
4). This might be because the authenticity of a VP (factor 1) is somehow relative and 
students in different places, with different cultures, and with different experiences with 
real patients were included in the analysis. Another interpretation why high numbers of 
student ratings are needed might be that the instrument is not capable of detecting 
enough true VP variance due to the use of a limited number of rather broad questions, 
which was done deliberately to allow for a good acceptance of the instrument. This 
might have been the wrong choice and more specific items might lead to better discrim-
ination. Further research is in order here. 
 However, when using the instrument as an electronic survey after each VP, large 
numbers of ratings should not be a problem in universities with high numbers of stu-
dents. Thus, based on the exploratory factor analysis and the generalizability studies, it 
can be concluded that the instrument appears to reveal reasonably valid factor scores, 
provided that there are enough evaluations per VP available.  
 The finding that the factor scores of the instrument are reasonably valid and relia-
ble, provided that enough evaluations are available, implies that the data collected can 
be used to measure student perception of the value of a VP`s design in teaching clinical 
reasoning. This is important, as the design of VPs has been shown to be relevant for 
students’ learning (Huwendiek et al. 2009b, Cook et al. 2010). Thus, the information 
obtained using the instrument can create awareness and an increased understanding of 
student perception of VP design. This awareness and evaluation can encourage teach-
ers to improve the design of VPs. 
 The strength of this study is that, to our knowledge, it is the first to validate an in-
strument for the assessment of the perception of VP design, developed based on a 
theoretical construct and with a focus on clinical reasoning, which is usually regarded as 
the main aim of learning with VPs (Cook & Triola 2009). Furthermore, the instrument 
was developed by international VP experts and validated in an international sample of 
students using three sources of validity evidence. Finally, the instrument, with only 
seven questions (six items, one global score), is convenient to use by students and can 
be feasibly applied in educational practice. First experiences in using the evaluation 
results generated by this instrument for improving VPs are promising.  
 A limitation of the instrument is that many evaluations are needed to obtain reliable 
and valid judgements for all factors. In view of the increasing use of the same VPs by 
very large numbers of students both nationally (Fall et al. 2005, Berman et al. 2008 & 
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2011) and internationally (Balasubramaniam et al. 2009, Poulton et al. 2007, Poulton & 
Balasubramaniam 2011), the required numbers of evaluations should mostly become 
achievable. Additional research is needed to assess the use of this instrument in terms 
of providing insight into the influence of multicultural and multilingual settings on VP 
design perception. Further validation of the instrument with a larger number of stu-
dents is also recommended. 

CONCLUSION 

This study provided information regarding three sources of evidence for the validity of 
the developed instrument. The three-factor VP design evaluation instrument appears to 
be an instrument with a theoretical foundation, which has reasonable validity evidence 
for the evaluation of the perception of VP design by students with a special focus on 
clinical reasoning, provided that enough evaluations per VP are available. The validated 
instrument in this study can be used to provide teachers with feedback about the per-
ception of VP design in large student cohorts, e.g. by an electronic survey at the end of 
a VP, allowing for quick data collection and evaluation, and enabling timely changes in 
VP design.  

Practice points 

- The design of VPs is crucial for student learning. In view of the increasing use of VPs, 
it is essential to evaluate their design. 

- The VP design evaluation instrument in this study appeared to reveal reasonable 
validity provided that enough evaluations are available. 

- The instrument can be used to provide teachers with information about student 
perception of a VP`s design in teaching clinical reasoning 
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APPENDIX: PRIOR ORIGINAL ITEMS OF THE INSTRUMENT 

The remaining items after the internal structure validation are presented in blue 

Factor I: Authenticity of patient encounter and the consultation 
1. While working on this case, I felt I had to make the same decisions a doctor would make in real life. 
2. While working on this case, I felt as if I were the doctor caring for this patient. 
Factor II: Cognitive strategies in the consultation 
3. While working through this case, I was actively engaged in gathering the information (e.g. history questions, 
physical exams, lab tests) I needed to characterize the patient’s problem. 
4. While working through this case, I was actively engaged in revising my initial image of the patient’s problem 
as new information became available. 
5. While working through this case, I was actively engaged in creating a short summary of the patient’s 
problem using medical terms. 
6. While working through this case, I was actively engaged in thinking about which findings supported or 
refuted each diagnosis in my differential diagnosis. 
Factor III: Coaching during consultation 
7. I felt that the case was at the appropriate level of difficulty for my level of training. 
8. The questions I was asked while working through this case were helpful in enhancing my diagnostic 
reasoning in this case. 
9. The feedback I received was helpful in enhancing my diagnostic reasoning in this case. 
Factor IV: Learning effect of consultation 
10. After completing this case, I feel better prepared to confirm a diagnosis and exclude differential diagnoses 
in a real-life patient with this complaint. 
11. After completing this case I feel better prepared to care for a real-life patient with this complaint. 
Global score 
12. Overall, working through this case was a worthwhile learning experience. 
Open-ended questions 
13. Special strengths of the case: 
14. Special weaknesses of the case: 
15. Any additional comments: 
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ABSTRACT 

Context: E-learning resources, such as virtual patients (VPs), can be more effective 
when they are integrated in the curriculum. To gain insights that can inform guidelines 
for the curricular integration of VPs, we explored students’ perceptions of scenarios 
with integrated and non-integrated VPs aimed at promoting clinical reasoning skills. 
Methods: During their paediatric clerkship, 116 fifth-year medical students were given 
at least ten VPs embedded in eight integrated scenarios and as non-integrated add-ons. 
The scenarios differed in the sequencing and alignment of VPs and related educational 
activities, tutor involvement, number of VPs, relevance to assessment and involvement 
of real patients. We sought students’ perceptions on the VP scenarios in focus group 
interviews with eight groups of 4–7 randomly selected students (n=39). 
The interviews were recorded, transcribed and analysed qualitatively.  
Results: The analysis resulted in six themes reflecting students’ perceptions of im-
portant features for effective curricular integration of VPs: (i) continuous and stable 
online access, (ii) increasing complexity, adapted to students’ knowledge, (iii) VP related 
workload offset by elimination of other activities, (iv) optimal sequencing (e.g.: lecture – 
1 to 2 VP(s) – tutor-led small group discussion – real patient) and (V) optimal alignment 
of VPs and educational activities, (vi) inclusion of VP topics in assessment. 
Conclusions: The themes appear to offer starting points for the development of a 
framework to guide the curricular integration of VPs. Their impact needs to be con-
firmed by studies using quantitative controlled designs. 
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INTRODUCTION 

Contrary to earlier assumptions that e-learning resources, including virtual patients 
(VPs), would automatically reach their full potential when students were exposed to 
them, recent studies have reported low acceptance, usage and satisfaction among stu-
dents when e-learning resources  are poorly integrated with, or offered as an add-on to, 
other curricular components (Fischer et al., 2008; Haag et al., 2007). Research has also 
shown that VPs are particularly suited to foster clinical reasoning (Cook and Triola, 2009, 
Cook et al., 2010; Huwendiek et al., 2009b), and their use  is on the increase in medical 
education (Leong et al., 2003; Fall et al., 2005; Huang et al., 2007; Berman et al. 2009; 
Cook and Triola, 2009, Cook et al., 2010; Huwendiek et al. 2009a). As part of our search 
for ways of optimizing the power of VPs to enhance medical education, the develop-
ment of clinical reasoning skills in particular, we designed and studied integration sce-
narios for VPs, defined as “interactive computer simulation[s] of real-life clinical scenar-
ios for the purpose of medical training, education, or assessment” (Ellaway et al., 2008). 
The present study is intended as a preliminary step towards the development of a 
guideline for the integration of VPs in medical curricula. In designing the study we drew 
on the (medical) education literature focusing on research of curricular integration of e-
learning activities, including VPs, the sequencing of educational activities, simulation, 
blended learning and the development of clinical reasoning skills.   
 Although calls for studies of effective e-learning integration strategies in the 1990s  
(Friedmann, 1994) led to suggestions to set up a line of research to compare different 
integration scenarios (Cook et al., 2010; Friedmann, 1994; Cook, 2005, 2009; Triola et 
al. 2012), progress in this area has been limited (Cook et al., 2010; Cook, 2005, 2009; 
Triola et al., 2012). In 2007, the Association of American Medical Colleges (AAMC) called 
for instructional technology research focused on the integration of instructional tech-
nology into existing curricula (1) and educational settings (2) (AAMC, 2007). In our opin-
ion the relevant question concerning VPs in this regard is which type of curricular inte-
gration is most likely to enhance clinical reasoning. Surveys on the integration of VPs 
into clinical clerkships have indicated improved usage, acceptance and perceived 
knowledge gain due to measures to stimulate curricular integration, such as VP-related 
student instructions, follow-up seminars, faculty development, formal assessment of VP 
content and avoidance of excess workload due to VPs by eliminating redundant teach-
ing activities (Fischer et al., 2008; Berman et al., 2009; Edelbring et al., 2012).  
 The one study we found on sequencing in medical education concerned a compari-
son of different sequences of self-study (watching a PowerPoint presentation on the 
knee examination) and bedside teaching. Self-study followed by bedside teaching led to 
significantly better results on an OSCE and was preferred by 88% of the participating 
students (Hull et al., 2009). It is not clear, however, how these results would translate to 
other educational activities, such as VPs, lectures or small group discussions. In their 
book on sequencing in educational design, Ritter et al. proposed the following provi-
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sional design rules related to sequencing (Ritter et al. 2007) in addition to the aspects of 
van Merriënboer and Sweller mentioned below (van Merrienboer & Sweller 2010). 
Order is especially important when there is a strong relationship among topics. The 
amount of novelty and the amount to learn should be maximized, adapted to learners’ 
knowledge level. The amount of time and repetitions it takes to learn something and the 
spacing of practice should be considered. Types of problems should be varied to en-
hance transfer of knowledge to new problems. Compared to novices, expert learners 
should be given more freedom to (re-)order their learning activities.  
 A recent review of educational strategies to promote clinical reasoning (Bowen, 
2006) emphasized techniques like summarizing the patient problem, reflecting, and 
critically appraising generated hypotheses, which seem to be applicable to VPs  and 
other educational activities in an integration scenario (Huwendiek et al., 2009b).  
 Since VPs are simulations, albeit low fidelity ones, we also looked to simulation re-
search for insights concerning the integration of VPs. A recent systematic review of 
simulation-based medical education research identified a need for ways to integrate 
simulation with other modalities which echoes the objectives pursued in the present 
study (McGaghie et al., 2010). Similarly, a best evidence medical education review (Is-
senberg et al., 2005) advocated that simulation be integrated in the overall curriculum 
and learners should practise at increasing levels of difficulty. This recommendation 
might be translated to the scheduling of VPs (low complexity and fidelity) before real 
patient encounters (high complexity and fidelity). This approach appears to resonate 
with curriculum design principles proposed by Van Merriënboer and Sweller (van Mer-
riënboer and Sweller, 2010), who recommend a similar sequencing of learning tasks 
from simple to complex and from low-fidelity to high-fidelity environments.  
 Research of blended learning addresses issues that are akin to integration and se-
quencing, i.e. striving for the most advantageous combinations of face-to-face instruc-
tion and computer-mediated instruction to maximize the strengths and minimize the 
weaknesses of each instructional method  (Bunk & Graham 2006). This might imply a 
preference for the use of VPs for self-study and face-to-face sessions for real patient 
encounters with direct feedback from supervisors. 
 So, while the literature does offer some general suggestions concerning a general 
guiding framework for curricular integration of VPs, it offers no concrete guidance. We 
therefore designed a study to explore aspects of the curricular integration of VPs. Based 
on the literature and our own experiences with VPs (Fischer et al., 2008; Huwendiek et 
al., 2009a, b, c), we exposed students to different educational scenarios with VPs, which 
differed in the sequencing and alignment of VPs and other educational formats, tutor 
involvement, number of VPs, relevance of VPs to assessment and the involvement of 
real patients. As students have first-hand experience of educational activities, we ex-
plored their perceptions of the scenarios and of the optimal VP scenario for fostering 
clinical reasoning skills. 
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METHODS 

Setting 

Every week of the four-week paediatric clerkship in our institution, students attend daily 
1.5 hour symptom-oriented lectures, three two-hour bedside teaching sessions, one 90-
minute problem-based learning tutorial with paper cases and a tutor-led small group 
discussion on VPs. Elsewhere we have described how the VPs were designed (Huwend-
iek et al., 2009b), and appendix 1 describes one of the VPs used in the present study to 
illustrate its design based on the VP design typology we proposed in an earlier study 
(Huwendiek et al., 2009a). 
 During the paediatric rotation, students were exposed to nine educational scenarios 
with VPs. The VPs were integrated with other activities in eight scenarios and an unre-
lated add-on in one scenario (Figure 1). All scenarios were aimed at fostering clinical 
reasoning skills. The scenarios differed in topic and the number and sequencing of activ-
ities. For example, one scenario addressed the leading symptom of vomiting, and the 
educational activities consisted of an interactive lecture, instructions for VP-guided self-
study - which students could undertake on their own or with others -, learning objec-
tives for self-study, a tutor-led small group discussion and bedside teaching. Students 
received detailed information about the integration of VPs from teachers, hand-outs 
and electronic schedules, which included learning objectives of educational activities 
and web links to VPs. The teachers who participated in the study  (n=11) attended 
workshops on (a) facilitating small group discussions with a focus on fostering clinical 
reasoning  (Bowen 2006) and (b) working with VPs, (c) integrating VPs into the clerkship 
and (d) informing students about the integration of VPs and learning objectives. Stu-
dents could discuss VP-related issues on an online forum, and the integrated VPs were 
relevant to the paediatric course exam, which consisted of VP key feature cases on eight 
relevant paediatric leading symptoms (Huwendiek et al. 2009c). The students received 
no credits for the work-up of the integrated VPs.  
 The non-integrated VPs (n=15) were offered as self-study tasks but without explicit 
linkage to other educational activities. There was an online forum to discuss the VPs, 
but the cases had no relevance to the exam. Students received credits for these VP 
assignments. 
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Figure 1: VP Integration scenarios 1-8  

Subjects 

Three groups of approximately forty students (N=116) that were exposed to the nine VP 
scenarios in varying order received an invitation to participate in a study about clinical 
education. To avoid bias, additional information about the study was provided to the 
participating students only. Of the 65 (56%) students who volunteered to participate, 39 
were randomly selected to attend one of eight focus group interviews (4-7 students). 
The participants received a small financial incentive. 
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Focus group discussion and analysis  

We explored students’ perceptions of the VP scenarios in focus group interviews, be-
cause this qualitative approach is appropriate for exploring participants’ views as well as 
the notions and considerations underlying these views (Krueger et al., 2000). Interviews 
of peer groups provide a relatively safe environment by reducing the imbalance of pow-
er between researcher and subjects and promoting in-depth discussion, which may lead 
to refinement or modification of views. To counteract the potential drawback of social 
pressure from peers or moderators inhibiting the open expression of opinions, the  
moderator encouraged all participants to contribute, emphasized the value of differing 
opinions and views and asked the participants to write down their thoughts on a topic 
before group discussion started. Eight two-hour focus group sessions were held on 
different days, moderated by one of the authors (SH), who is an experienced moderator 
of small groups. Consistency across group interviews was promoted by a questioning 
route (Krueger and Casey, 2000) (Table 1).  
 
Table 1: The questioning route used by the moderators in guiding the focus group discussions 

The VPs you were given in the previous module were linked or not linked to other teaching events in the 
module. 

1.Which aspects of the integration of VPs did you find the most helpful for improving your clinical reasoning 
skills? 

2.Which aspects of the integration of VPs did you find the least helpful for improving your clinical reasoning 
skills? 

3.Let us look at scenario 1 (short description of scenario): a) Which factors promoted your clinical reasoning 
skills? b) Which factors were not helpful in promoting clinical reasoning skills? 

4.The same questions for all nine scenarios. 
5.What should a single scenario look like to best promote clinical reasoning and to best prepare you 

(students) for real patients? 
6.What does an ideal overall plan for the integration of VPs in the paediatrics module look like to foster 

clinical reasoning?  
7.How did the relevance of the cases to the exam influence your perception of/work on the VPs? Should VP 

content be included in the exams? If yes, why? 
 
Assistant moderators (CD, FR) took comprehensive notes and recorded the sessions on 
video. The recordings were transcribed literally, and summary reports were sent to the 
participating students for approval.  
 Three of the authors (CD, FR, SH) analysed the transcripts. In accordance with guide-
lines for qualitative content analysis, they first read all the transcripts while identifying 
and highlighting preliminary themes (Mayring 2010). Next, they established themes and 
subthemes in an iterative process in which coded themes were discussed by the re-
search team and the discussions, in turn, informed the coding process. The process 
continued until consensus was reached. All students received a summary report of their 
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session with illustrative quotations. Whenever possible, the strength of an opinion and 
the frequency of expressed group support were indicated. All participants approved the 
summary reports and there was a high level of consistency across the groups. As no 
significant new ideas emerged during the eighth session, no further sessions were orga-
nized (Krueger and Casey, 2000). 
 In the country where the study was carried out, ethical approval is not required for 
this type of educational study. However, we confirm that participation was voluntary, 
participants cannot be identified from the material presented and no plausible harm to 
participating individuals can arise from the study. 

RESULTS 

The analysis resulted in six main themes - some with subthemes - which reflect stu-
dents’ perceptions and preferences with regard to optimal curricular integration of VPs. 
Representative citations from the interviews are provided for each theme with numbers 
in parentheses indicating the focus group and the student. Additional citations can be 
found in Table 2. 

1. Continuous and stable online access to VPs  

Students valued continuity and stability of access to VPs, e.g. via a learning platform, 
because it created flexibility, allowing them to study at convenient times and places and 
revisit VPs when preparing for the exam.  

“… stable online access to the VPs means they can be worked through whenever this 
is convenient, e.g. at home. This is especially helpful in preparing for the exam.“ (1,2) 

2. Increasing complexity of VPs adapted to students’ knowledge level 

According to students, early in the clerkship when students have limited knowledge, VPs 
should be relatively easy, and increase in complexity as students’ knowledge and expe-
rience increase during the rotation.  

“... the level of difficulty of the VPs should depend on students’ current level of 
knowledge and how many weeks of paediatric lectures and bedside teaching they 
have attended.” (1,1) 
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3. Excess workload due to the introduction of VPs should be offset by elimination 
of existing curricular activities. 

It was important for students that the additional workload due to the integration of VP 
tasks in the clerkship was offset by removal of existing clerkships activities - but not 
those involving real patients. Students appreciated dedicated time for self-study with 
VPs. It was suggested to make some VP activities obligatory, especially at first to stimu-
late students to familiarize themselves with this learning resource.  

„The cases should not be an add-on to the course, but an integral part of it and a 
substitute for other teaching sessions.” (3,2) 

4. Optimal sequencing of VP work and related education activities 

4a Lecture before VP work 
Students preferred VP work to be scheduled after the lecture, as it enabled them to 
apply knowledge from the lecture to the VP. This boosted students’ confidence and 
helped them remember important aspects.  

„Working through the VP before attending the lecture was not as useful to me as at-
tending the lecture before doing  the VP. I feel I was able to get more out of the VP 
when I first attended the lecture in which the substance and procedures were ex-
plained.“ (5,2) 

4b VP work before tutor-led small group discussion focused on clinical reasoning  
Students preferred a tutor-led small group session to be scheduled after VP self-study, 
because they took self-study more seriously when they knew they were likely to be 
questioned about the VP. According to students the discussion improved their under-
standing of clinical reasoning, especially for difficult and complicated cases and early in 
the clerkship. Wrap-up discussions in which two VPs with relevant differential diagnoses 
were compared improved students’ understanding of disease and helped them recog-
nize key diagnostic features. 

“… I learn well with patients. That was also the case for the VPs. Working through 
VPs helps me to remember cases … And afterwards during the group discussion, the 
differences between the cases were highlighted and discussed. The cases were com-
pared and contrasted and the differences highlighted. That was very helpful.” (6,4) 

4c VP work before real patient encounter 
According to students, it was highly meaningful, motivating and supportive of their 
learning to do a VP before an encounter with a real patient (bedside teaching) with 
similar symptoms. Having studied the VP made students feel well prepared and confi-
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dent to engage in these encounters, because they knew which questions to ask, which 
exams to perform and which differential diagnoses and confirming and  disconfirming 
features to consider. This enabled students to focus on the execution of tasks (how to 
ask history questions, perform a physical exam) instead of on the selection of tasks  
(which questions, which exams etc.).  

“I saw a child on ward 1 with meningitis and the child had the same symptoms about 
which questions were asked in the related VP case: which symptoms would you look 
for during the physical examination, and which questions are especially important in 
the medical history… Since I had done the VP, I did not have much difficulty figuring 
out the diagnosis. I really thought that having done the VP first had optimally pre-
pared me for the real patient…” (1,1) 

4d Optimal sequence: 1. lecture – 2. 1-2 VP(s) – 3. tutor-led small group discussion – 4. 
real patient 
Students felt that the sequence lecture – 1-2 VP(s) - small group - real patient offered 
maximum support for their learning and optimal preparation for the real patient en-
counter at the end (see also figure 2). Students thought that lectures should not be 
compulsory, as they  preferred to decide for themselves whether they obtained rele-
vant basic knowledge from lectures or from resources like books, clinical guidelines, e-
learning modules etc.  

„In my opinion the sequence - lecture, 1-2 VPs, small group discussion, real patient – 
is the best alternative. During a VP task we focus on a specific topic, consider the dif-
ferential diagnosis and review our knowledge. We can use the knowledge from the 
lecture too... So in all I think it‘s better to practise with the VPs first, find out how 
much you already know and where more work is needed. Then in the small group 
discussion it is good to review the main issues and finally, at bedside teaching, we 
know what needs to be done. This approach makes us feel optimally prepared.“  (5,2) 

 

 

Figure 2: Optimal sequence (4 d) 

 



ESTABLISHING GUIDANCE FOR VIRTUAL PATIENTS`  IMPLEMENTATION 

87 

5. Optimal alignment of VP work and related education activities  

5a Alignment of content 
Students thought that VPs and related educational activities should be complementary 
in terms of content. Activities should build on each other and allow students to apply 
newly obtained knowledge. For example, in a VP task, students can apply knowledge 
from the preceding lecture. Students indicated that the group discussion need not be 
limited to differential diagnosis but could also cover relevant clinical cases from the 
tutor’s experience.  

“I worked through a VP, and then I went to the oncology ward where I saw a patient 
with a similar disease. After that we discussed the disease. It was great that it was all 
so well coordinated and it added depth and some much needed repetition to the 
case.” (7,4). “. “…So the order should be: lecture, VP, small group discussion, real pa-
tient and the contents of the sessions should match“ (6,4) 

5b Alignment of instructional methods 
According to students, educational modalities need methods that optimize learning. 
VPs, for example, were considered to be excellent for self-study, because they were 
more suited to offer challenges and formative evaluation and feedback than any of the 
other modalities. Face-to-face discussion sessions should not revisit the preceding VPs 
but use methods to foster clinical reasoning in an interactive small group setting. Stu-
dents preferred lectures to be symptom oriented and interactive, while in small group 
sessions they looked for a tutor who actively challenged them when discussing the 
differential diagnosis including disconfirming and confirming factors and feedback. Stu-
dent preferences with regard to bedside teaching involved being allowed to do the 
history and physical examination, supervised by teachers who challenge them with 
questions about clinical reasoning. According to students, it is important to generate 
concrete and clear learning objectives to be pursued during self-study between differ-
ent activities in order to ensure continuity of the evolving learning process.  

“I found the following most useful for learning: That the VP of the self-study assign-
ment came after the interactive lecture about the cardinal symptom in question and 
that we could discuss the most important concepts and ask questions during the 
small group discussion session. We then saw a real patient and took a history and 
performed the required clinical examinations. The tutor who was in charge of the 
bedside teaching gave us feedback on our performance. In this way, I was able to 
make the most of these sessions and learn a lot from them.” (2,2) 

5c Information for students 
Students attached great importance to information from teachers about how VPs were 
integrated in the curriculum and aligned with other educational activities. They recom-
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mended that a list of VPs and related educational activities be provided in a hand-out 
and/or online timetable, with links to related VPs in the information about an educa-
tional activity. Knowing how VPs were linked to other activities motivated students to 
take self-study more seriously and consequently improved their learning.  

“…The teachers should indicate during sessions which sessions are connected. So 
that one always knows in advance that the educational sessions deal with the same 
topic, from the lecture to the real patient.” (2,4) 

5d Trained teachers 
Students considered it important for teachers to be well informed about the substance 
and curricular integration of the VPs. They also expected teachers to be experienced 
clinicians and have skills to facilitate small group discussions on clinical reasoning, for 
example contrasting different cases, quizzing students about confirming and disconfirm-
ing features of differential diagnoses and highlighting relevant clinical aspects. The 
learning gains from tutor-led wrap-up sessions depended strongly on the tutor’s facili-
tating skills and clinical knowledge. 

“How valuable the small group discussions are depends very much on the ability of 
the tutors to facilitate relevant discussions about differential diagnoses. For example, 
whether the tutor questions students about what would support a certain diagnosis. 
It also depends on how difficult the VP cases are and on the clinical experience of the 
tutor.” (1,5) 

6. The relevance of VPs to assessment  

Students supported their plea for including VPs in the course exam by the following 
argumentation. It is important for students to study VP tasks because this enhances 
learning and clinical reasoning skills, which are important for students’ future medical 
practice. Students are motivated to study VPs that are relevant to their future profes-
sion AND the course exam. Students felt that if the content of VP cases was assessed, 
they were stimulated to study more thoroughly, more attentively and more frequently. 

“The cases should be relevant to the course exam, because these cases prepare us 
optimally for our future roles and their relevance to the exam motivates us to spend 
more time on relevant topics.” (4,3)  

  



ESTABLISHING GUIDANCE FOR VIRTUAL PATIENTS`  IMPLEMENTATION 

89 

Table 2: Additional illustrative citations from focus group discussions relating to VP integration. The numbers 
in parentheses indicate focus group and student, respectively. 

1. Continuous and stable online access to VPs 
“… if you can work through a VP at home, you can check your knowledge about a certain topic by working 
through the relevant VP to see how you would do in a more realistic situation.” (1,6) 

3. VP work balanced with elimination of other curricular activities 
“It is great that VPs are made available to us as part of the paediatric programme. It offers us a better 
selection of case topics from which we can choose topics that interest us, but personally I feel that they should 
not replace real patients.“ (2,4) 

“I think it makes sense to make at least the first VP compulsory, as this would allow every student to get 
acquainted with the programme and work with it. Afterwards they can decide for themselves whether they 
consider the VPs helpful or not.“ (1/1) 

4. Optimal sequencing of VP work and related educational activities 
4a Lecture before VP work 

“In my opinion, the best way to do it is to have the lecture first to get an overview of the topic and then work 
through the cases independently. This means that you know which differential diagnoses to consider and which 
diagnostic tools might be useful.” (6,2) 

“It is very helpful when the lecture does what books cannot do, namely discuss the characteristic symptoms of 
diseases and the general approach for managing diseases. In this way I have a list of differential diagnoses 
ready in my head, which I can use for example to answer the question at the beginning of the VP. (6,5) 

4b VP before tutor-led small group discussion focused on clinical reasoning  

“Besides learning through the VP it was primarily through the small group discussion sessions that I learned to 
think in terms of differential diagnoses. Also, it is not sufficient for us to learn about a disease or a case; we 
also need to learn about the best management of patients with a specific cardinal symptom. The small group 
discussions really helped me to do just that and that’s why I found them very helpful.” (4,4)  

“I found the small group discussion sessions really useful. Students prepare more thoroughly if they know that 
the cases will be discussed with a tutor. Important questions that come up and would normally not be 
addressed without a tutor can be dealt with. Furthermore, it is easier to remember  important content than 
would be the case otherwise.” (5,2) 

“How valuable the small group discussion is depends also on the level of difficulty of the VP.“ (1,5) 

4c VP before real patient encounter 

“My experiences were as follows: After doing a VPs, I met and interviewed a real child on the ward in three 
instances. So for example in the morning I did a VP with poststreptococcal glomerulonephritis, and then in the 
afternoon I went to the ward where I saw a child with poststreptococcal glomerulonephritis. So it worked out 
really well. I already had a couple of differential diagnoses in my head and knew what not to include. Having 
worked through the corresponding VP beforehand meant that I had a much better understanding of the 
underlying pathology and that prevented me from asking many less useful questions. This also meant I could 
concentrate on how to ask the question and not just on what  I questions I needed to ask. That was a moment 
of success for me because I felt like I did well. Furthermore, seeing a child during bedside teaching motivated 
me to study the child’s disease in more detail; I actually sat down at home and read up on it. That was 
extremely motivating as well.“ (3,5) 

4d Optimal sequence: lecture – 1-2 VP(s) – tutor-led small group discussion – real patient 

“In my opinion, a VP is more accurate and complex than the lecture. Therefore I think it makes sense to start 
with the easier task and move on to more challenging tasks rather than the other way around.” (6,4) 
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5. Optimal alignment of VP work and corresponding educational activities  
5a Alignment of content 

“When I have worked through a VP and then see a similar patient on the ward, … I can ask questions about the 
case and discuss topics which were left unanswered after the VP.” (1,6) 

5b Alignment of instructional methodology 

“What I found especially helpful about the small group discussion was when the tutor quizzed us about the 
cases until we could explain these ourselves. If someone tells me the correct answer, I might  remember what 
he said after 5 seconds, but if I really have to think long and hard about a question, then I would most likely still 
be able to come up with the in 6 months’ time.“ (3,5) 

“I found the small group discussion sessions really useful because it made us use more than one of our senses 
to aid learning. During the discussion we had the opportunity not only to read or listen but also to speak and 
explain important concepts. This enriched my learning experience considerably and opened a new channel to 
promote understanding.” (3,3) 

“What I found helpful about the online timetable is that it clearly stated what we had to study and what we 
were required to cover for each session. Furthermore, I found it especially useful that the relevant pages and 
the learning objectives for a teaching session were clearly listed.  (3,5) 

5c Information for students 

“It motivated me in my studies, when we were told in advance that a certain lecture was related to a certain 
VP and small group session.” (2,5) 

„When the lecturer clearly pointed out during the lecture: pay attention, you will need this information for the 
VP case, that was really helpful.” (2,4) 

5d Trained teachers 

“It would be nice if we were able to instantly recognise which educational sessions are connected, including 
lectures and sessions with real patients. The tutors should be aware of this and point it out to the students.” 
(8,4) 

“It really helps me when we go over the case again in a structured manner during the small group session. The 
tutors expected us to present the VPs to the group. Making concluding remarks about the case, highlighting 
what was especially important about it and getting helpful feedback on our performance has definitely helped 
me to enjoy a more fruitful learning experience.” (2,4) 

6. Relevance of VPs to assessment  
“Naturally, when I knew the contents of VP cases were likely to come up in the exam, I went over the cases a 
second time. I wrote out explicitly what the cardinal symptoms were, what the typical differential diagnoses 
were, what diagnostic investigations I ought to perform, what symptoms I needed to watch out for and how to 
plan the treatment. This is how I made my notes for every VP.“ (4,2) 

“If I had known they were not at all or less relevant to the exam, then I wouldn’t have worked through the VPs 
in such great depth.” (3,4) 

DISCUSSION AND CONCLUSION 

In our search for evidence to support guidelines for the curricular integration of VPs, we 
explored students’ perceptions of different scenarios aimed at developing clinical rea-
soning skills in which VPs were integrated with or only added to educational activities. 
The analysis of eight focus group interviews suggested six themes which students con-
sidered important for the optimal integration of VPs. 
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 The themes reveal students’ preferences regarding the sequencing of e-learning and 
other educational activities (theme 4). Interestingly, these preferences are consistent 
with results of research on sequencing showing that e-learning should precede real 
patient encounters (Hull et al., 2009). Theme 4 also reflects the students’ preference for 
lectures before VPs (theme 4a), and VP work before small group discussions (theme 4b), 
while lecture–1-2 VPs–tutor-led small group discussion–real patient encounter is the 
sequence of preference (theme 4d, figure 2). The reasons students gave for their se-
quence preferences appear to be in line with emerging curriculum design principles, 
such as “from simple to complex” (themes 2 and 4d) and “from low to high fidelity” 
(Van Merriënboer and Sweller, 2010) (theme 4d). Similarly, meta-analyses of simulation 
research have demonstrated the importance of steadily increasing complexity adapted 
to  learners’ abilities (Issenberg et al., 2005; McGaghie et al., 2010) (themes 2 and 4d), 
and conclusions on sequencing from general education research also resonate with 
students’ views on how to order learning tasks (Ritter et al. 2007).  
 The analysis revealed themes based on student perceptions which could provide 
preliminary guidance not only on the sequencing but also on the alignment of VPs and 
other educational formats commonly used to foster clinical reasoning. It should be 
noted, however, that the themes are supported by students’ views only, and need sub-
stantiation by further research. It appears to be important that VPs and related educa-
tional activities should use appropriate instructional methods and address aspects to 
which they are particularly suited. Furthermore teachers should be properly trained for 
their tasks (theme 5). Strategies to foster clinical reasoning (Bowen, 2006) should be 
implemented both in VPs (Huwendiek et al., 2009b) and in related educational activi-
ties. Sequencing and alignment of VPs and other educational events (themes 4 and 5) 
were considered to be especially helpful in fostering clinical reasoning and preparing 
students optimally for clinical reasoning in the treatment of real patients.  
 Theme 6 recommends that VP-related learning objectives should be relevant to 
assessment. While this is in line with general principles of learning and assessment 
(Larsen et al., 2008; Schuwirth et al., 2011) and a previous article on VP integration 
(Fischer et al., 2008), it also underscores the practical relevance of VPs. The findings of 
our study are in line with studies indicating that faculty development, formal assess-
ment of VP content and balancing of VP use with elimination of redundant teaching 
activities is important (Fischer et al., 2008; Berman et al., 2009; Edelbring et al., 2012). It 
should be noted that the students cautioned that VPs must never replace learning with 
real patients.  
 To our knowledge, there are no other translational studies (Ringsted et al., 2011) 
that have endeavoured to shed light on optimal strategies for integrating VPs into clini-
cal clerkships by exposing medical students to different curricular integration scenarios 
with VPs, informed by the education literature. The present study may be the first one 
to respond to the long-standing call for comparative studies of different integration 
scenarios for e-learning, although it should be noted that the comparison is exploratory 
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relying solely on interview data (Cook et al., 2010; Friedmann, 1994; Cook, 2005, 2009; 
Triola et al., 2012; AAMC, 2007). Another new feature of this study is that it suggests 
ways to sequence and align VPs and other teaching modalities. The results give indica-
tions that VPs designed in accordance with specific principles (Huwendiek et al., 2009b) 
and integrated in the curriculum in accordance with the notions reflected in the six 
themes are perceived by students as offering not only excellent support for their learn-
ing but also excellent preparation for clinical reasoning in real patient encounters. Med-
ical teachers and curriculum designers could use the recommendations that can be 
derived from the themes as a preliminary guideline on the integration of VPs into the 
curriculum. It is also important, however, that the themes are supported by evidence 
from further studies.  
 The qualitative paradigm we employed did not require the measurement of quanti-
tative outcomes. However, our findings, and other models related to VP integration and 
sequencing, would merit confirmation in controlled experiments using outcomes of 
knowledge, skills and behaviours. A limitation is that focus group interviews are suscep-
tible to bias, such as that due to the moderator’s influence, although we took measures 
to prevent this. Since the abundance of options for integrating VPs in the curriculum 
precluded inclusion of all possible scenarios in the study, some relevant aspects may 
have been overlooked. Furthermore, as the study was conducted among undergraduate 
medical students in one institution and with one type of VP, the generalizability of the 
results is inevitably limited. 
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- Additional workload arising from VP tasks is to be offset by the elimination of other 
curricular activities. 
- The preferred sequence of VPs and related educational activities is: lecture – 1-2 VP(s) 
– tutor-led small group discussion – real patient. 
- VP work and related education activities should be optimally aligned. 
- VP topics should be formally assessed.  

GLOSSARY : 

Blended Learning: Combining face to face with technology mediated learning environ-
ments. The challenge is to find blends that take advantage of the strengths of each 
environment and avoid the weaknesses. Bonk CJ, Graham CR: Handbook of blended 
learning: global perspectives, local designs. San Francisco: Pfeiffer Publishing; 2006. 
 
Virtual Patients: Interactive computer simulation[s] of real-life clinical scenarios for the 
purpose of medical training, education, or assessment. Reference: Ellaway R, Poulton T, 
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APPENDIX 1:  

Description of one representative VP using the proposed VP design typology (Huwendiek et al. 2009a) 

Title Infant with fever 

Description An infant with fever presents to the paediatric emergency room. The learner is 
the doctor in charge of this patient and has to take the same decisions a doctor 
would need to make in real life (e.g. choosing history questions, physical exams, 
lab tests, DD, therapies, etc.).   

Language German 
Identifier evip:vp: 1000263 
Provenance Huwendiek, Höcker, Seidel, University Childrens`s Hospital Heidelberg 
Typical study time 45 minutes 
Educational level Undergraduate – final years 
Educational modes  Learning and formative assessment 
Coverage Paediatrics 
Objectives and outcomes Learners will learn how to gather relevant information, diagnose, treat and 

manage an infant presenting with fever.  
At the end of the activity learners will be able to:  
(1) Describe how to make a diagnosis in an infant with fever without focus; 
(2) Describe how to rule out differential diagnoses; 
(3) Describe how to manage an infant with fever. 

Path type Linear string of pearls  
User modality The single user plays the role of the paediatrician in charge, first in the emergency 

room then on the ward 
Media and resources Text, static graphics, videos 
Narrative use and patient 
focus 

Told from the perspective of the patient and the patient’s mother, active. 

Interactivity use Long menu questions 
Multiple choice questions 
Free text questions 
Overall number of cognitive interactions: 133 

Feedback use Feedback is given on each decision by comparison with the decision made by an 
expert. In many cases reasons are given to explain why a decision is right or 
wrong. Feedback is provided immediately and statistically summarized at the end 
of the activity. 

Originating system CAMPUS classic  
Format Interactive Java-Applet inside Web-Browser 
Integration and 
dependence 

Java Plug-in respectively Java Runtime Environment (JRE), CAMPUS backend, 
otherwise independent 
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ABSTRACT 

Background: It remains unclear which item format would best suit the assessment of 
clinical reasoning: context-rich single best answer questions (crSBAs) or key-feature 
problems (KFPs). This study compared KFPs and crSBAs with respect to students’ ac-
ceptance, their educational impact and psychometric characteristics when used in a 
summative end-of-clinical-clerkship paediatric exam. 
Methods: 5th-year medical students (n=377) took a computer-based exam that included 
6-9 KFPs and 9-20 crSBAs which assessed their clinical reasoning skills, in addition to an 
11-station OSCE that assessed their clinical skills. Each KFP consisted of a case vignette 
and three key features using a ‘long-menu’ question format. We explored students’ 
perceptions of the KFPs and crSBAs in 8 focus groups and analysed statistical data of 11 
exams. 
Results: Compared to crSBAs, KFPs were perceived as more realistic and difficult, 
providing a greater stimulus for the intense study of clinical reasoning, and were gener-
ally well accepted. The statistical analysis revealed no difference in difficulty, but KFPs 
resulted more reliable and efficient than crSBAs. The correlation between the two for-
mats was high, while KFPs correlated more closely with the OSCE score. 
Conclusions: KFPs with long-menu exams seem to bring about a positive educational 
effect without psychometric drawbacks. 
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INTRODUCTION 

Various question formats have been described for the assessment of clinical reasoning 
(Higgs et al. 2008). The impact of each of these formats on student learning is still not 
well understood. Better understanding of this ‘pre-assessment effect’ (Cillier et al. 
2012) would pave the way for clinical clerkship directors to better steer student learning 
through the concluding assessment. We therefore conducted a study comparing two 
different item formats, specifically key-feature problems (KFPs), consisting of a case 
vignette and three key features (KFs) using ‘long menu’ as response format, and con-
text-rich single best answer questions (crSBAs) in terms of their impact on student 
learning and their relevant psychometric characteristics. 
 When comparing item formats several aspects are important. A test item essentially 
consists of two parts, that is, the stimulus and the response part (Schuwirth & van der 
Vleuten 2004). Whereas the former refers to the task imposed by the stem of an item, 
e.g. a case vignette, the latter denotes the method that examinees use to indicate their 
responses (Schuwirth & van der Vleuten 2004). The stimulus format can be either con-
text-free or context-rich and shape the focus of the question (Schuwirth & van der Vleu-
ten 2004). Context-free stimuli are almost exclusively aimed at measuring factual 
knowledge; context-rich stimuli, by contrast, serve to assess applied knowledge by pre-
senting a specific scenario and asking for decisions, focusing on key features to solve a 
clinical problem, for example (as when a case vignette is used). The comparison we 
make in the present study is between two question formats with a context-rich stem 
designed to assess clinical reasoning. 
 As regards the response part, this can be grouped into two broadly defined catego-
ries: multiple choice-type questions (e.g. single best answer and multiple true/false 
questions) and open-ended (e.g. write-in) questions (Schuwirth & van der Vleuten 
2004). Schuwirth et al. (1996b) demonstrated that electronic long-menu questions are 
an equivalent alternative to open-ended questions in computerised assessment. Long 
menus are alphabetically ordered long lists of (over 500) possible answers that prevent 
a cueing effect, because one has to type the solution into a dialogue field (Schuwirth et 
al. 1996b). The computer then searches through the long-menu list for ‘hits’. The alter-
natives found are immediately presented to the examinee, so he or she can check 
whether the retrieved option is the desired one.  
 Besides varying in question types, context-rich items may also differ in the number of 
questions they contain: a case vignette for instance, may be followed by a set of multiple 
questions. One approach that is widely used to assess clinical reasoning, and that usually 
groups several questions together, is to use key features (Bordage et al., 1995; Page & 
Bordage, 1995). A key feature is defined as a critical step in the resolution of a problem, 
one where examinees are most likely to make a slip when trying to resolve the problem 
or one that complicates the identification and management of the problem in practice 
(Page & Bordage, 1995). Problems comprising a key feature, referred to as key-feature 
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problems (KFPs), consist of a brief stem with a short patient vignette (stimulus format) 
containing relevant and non-relevant elements, such as symptoms and findings, followed 
by one or more questions. KFP-based examinations, as such, do not follow a fixed item 
format, but should rather be seen as an approach to testing. 
 Studies on KFPs, however, have demonstrated that assessments yielded the best 
psychometric characteristics when responses were recorded in short-menu, write-in or 
electronic long-menu format and vignettes were followed by two to three questions 
each (Bordage et al. 1995; Page & Bordage 1995, Fischer et al. 2005, Norman et al. 2006, 
Hrynchak et al. 2014, Bronander et al. 2014). In a comprehensive review of the literature 
regarding the reliability and validity of KFPs, Hrynchak and colleagues (2014) conclude 
that published research supports the use of KFP-based examinations for the assessment 
of clinical reasoning. Their internal consistency reliability, as measured by Cronbach’s 
alpha, has generally been reported to be acceptable. Face and content validity of the KF 
approach have been shown to be moderate to high, while construct validity has been 
shown to be good. Yet, the review acknowledges that all categories of validity evidence 
should be subjected to further scrutiny, as outcomes are contingent upon many contex-
tual factors, including the population to which the test is administered, following which 
validity cannot be considered as a universal function of an assessment format. Consider-
ing the foregoing, and the fact that, to our knowledge, assessment at the clerkship level 
has received scant attention (Hatala & Norman 2002), we believe it important to delve 
deeper into this subject matter. Hatala and Norman (2002) introduced the KF assess-
ment method into an undergraduate setting when evaluating the clinical decision-
making skills of internal medicine clerkship students through a 2-hour paper-based exam 
consisting of 15 KFPs. They reported a Cronbach’s Alpha of .49. 
 Another way to assess clinical reasoning is by means of context-rich single best an-
swer (crSBA) multiple choice-type questions with case vignettes as stimulus format 
(Higgs et al. 2008). In such format the vignette usually is followed by only one question 
(Higgs et al. 2008), often containing 3 to 5 response options with only one correct an-
swer (single best answer format, A-type questions). 
 At present, there is a paucity of evidence on the educational effects such different 
item formats have. It is widely anticipated that whatever item format is used, the stimu-
lus format would be more important in determining what is tested than the response 
format (Schuwirth & van der Vleuten 2004). As single best answer question types are 
considered more beneficial in terms of their effectiveness, grading system, accountability 
and costs involved, these are often preferred to open-ended questions such as write-in 
or electronic long-menu questions (Elstein 1993, Downing 2002, 2009, Desjardins 2014). 
A few studies, however, have pointed out that the response format may also play a role, 
as cueing may influence item difficulty, with open-ended questions being more difficult 
than closed-ended questions (Hemskerk et al. 2008, Desjardins et al. 2014). These per-
ceptions potentially influence the educational effect of an exam, making it interesting to 
investigate whether this is indeed the case, and if so, what this effect will be. 



ASSESSING VIRTUAL PATIENTS`  IMPLEMENTATION 

103 

 To our knowledge, no study has ever investigated the educational effect of using 
KFPs or crSBAs for the assessment of clinical reasoning in clinical clerkships. As it is gen-
erally accepted that assessment drives learning (McLachlan 2006, Cilliers et al. 2012, 
van der Vleuten & Schuwirth (2005)), we felt it would be valuable to investigate stu-
dents’ perceptions of these specific item formats which both use a context-rich stimulus 
but differ in terms of the response format (open-ended vs closed-ended) and to investi-
gate whether these perceptions are also mirrored in the psychometric characteristics. 
Hence, the purpose of this study was to investigate students’ perceptions of KFPs and 
crSBAs and compare both formats in terms of their impact on student learning and 
psychometric characteristics when used as a summative end-of-clinical-clerkship exam. 
Consistent with this aim we formulated the following research questions: 
a) How do students perceive KFPs with an electronic long-menu response format and 

crSBAs used for the summative assessment of their clinical clerkship, particularly 
when it comes to the (educational or pre-assessment) effect on their learning and 
how do they accept both formats? 

b) How difficult and reliable (and efficient) are KFPs compared to crSBAs? Do the re-
sults of these two formats correlate and how do these correlate with the total OSCE 
score in the respective end-of-clerkship exams? 

METHODS 

Context and Participants 

Participants were fifth-year medical students (n=377) from Heidelberg Medical School 
doing regular paediatric clerkships, which included 10 Virtual Patients (VPs) that were 
integrated into the curriculum (Huwendiek et al. 2013) and specifically designed 
(Huwendiek et al. 2009) to foster clinical decision-making. At the end of their clerkship, 
students were subjected to a one-hour computer-based exam (Huwendiek et al. 2007), 
consisting of KFPs, context-rich and context-free SBAs. As context-free SBAs target fac-
tual knowledge rather than clinical reasoning (Schuwirth & van der Vleuten 2004), we 
did not include these questions in our study. Additionally, the end-of-clerkship assess-
ment included an 11-station paediatric OSCE (5 min. per station, overall testing time 
also approximately 60 min.). 

Instruments 

We used the CAMPUS assessment software as assessment tool (Heid et al. 2006). This 
software tool facilitates the incorporation of many different question formats and has 
been used in the regular assessment of medical students for more than 15 years.  
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Key-feature Problems 

Cases were constructed according to the key-feature approach (Page and Bordage 
1995) and followed published recommendations (Farmer & Page 2005; Kopp et al. 
2006). Each KFP consisted of a case vignette (context-rich stem) and three key features 
(KF) using ‘long menu’ as response format requiring free-text entry (Schuwirth et al. 
1996b). In our study students selected an answer from the list by typing it into a dia-
logue box. The computer then searched through the long-menu list for ‘hits’. The alter-
natives found were immediately presented to the examinee, so he or she could check 
whether the retrieved option was the desired one. An additional free-text comment 
field was available in case students did not find a suitable answer in the long menu. To 
encourage students to use the long menu, we informed them that they would earn only 
half of the points if they used the free-text comment field and that the long menu con-
tained the correct answer. 

Scoring Key for KFPs 

We followed the recommendations of Page and Bordage (1995) and used a partial-
credit score (a score between 0 and 1 that reflects the degree to which all correct re-
sponses were made). Page and Bordage (1995) found that reliability increased when 
partial-credit and summed scoring systems (the problem score is the sum of all question 
scores) instead of averaged (the problem score is the average of all subscores) or di-
chotomous (respondent receives 1 credit if he/she gives a predefined number of correct 
answers or 0 credits in all other cases) systems were used. 

crSBAs 

These questions consisted of a case vignette (context-rich stem) and focused on one 
relevant key feature. To answer each question, students had to select one correct an-
swer from among a list of five options (A-type question). 
 
For examples of the KFP and crSBA formats, see Appendix 1. 

Blueprint 

The Heidelberg catalogue of learning objectives (Bosse et al. 2011) served as blueprint 
for the assessment questions, with certain percentages of questions from relevant do-
mains (e.g. paediatric infectious diseases, paediatric oncology and haematology, paedi-
atric radiology, paediatric cardiology, general paediatrics, paediatric rheumatology, 
paediatric pulmonology) to ensure the exam covered a broad range of topics. KFPs 
mainly assessed eight important paediatric leading symptoms including ‘fever without 
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focus', ‘coughing’, ‘vomiting’, ‘diarrhoea’, ‘limping’, ‘changed urine’, ‘skin alteration’ and 
‘oedema’. We specifically chose a KFP-based item format with long menu, as we hy-
pothesised that the open response format would foster student learning more than a 
closed-question format would. 

Review 

Assessment questions were reviewed by at least two paediatricians and in many in-
stances they were also subjected to scrutiny by a regional paediatric assessment alli-
ance that regularly revised and exchanged those (Walter et al. 2008). 

OSCE 

The OSCE consisted of 10-11 paediatric stations assessing clinical skills (5 min. per sta-
tion, overall testing time of 60 min.). The blueprint was comprised of three stations that 
focused on history-taking and communication skills with standardised patients playing 
the role of ‘mothers’ and ‘fathers’, three stations targeting the physical exam with man-
nequins, one to two media stations (e.g. characterising a neurological fit, facial paraly-
sis), a percentile station, radiograph/sonographic interpretation station and procedural 
skills station (e.g. resuscitation, bladder puncture, spinal tab) (Bosse et al. 2006). 

Focus Group Study 

Three groups of approximately 40 clerkship students (n=116 in total) received an invita-
tion to participate in a study on clinical education. Focus group interviews were held 
after students had completed both the rotation and the exam. To avoid bias, only those 
students who consented to participate received additional information about the study. 
Eventually, we randomly selected 39 students out of a total of the 65 students (56%) 
who had indicated their interest in the study and divided them into eight focus groups 
of approximately 4-7 students. Participants were offered a small compensation. During 
the interviews, we also explored other clerkship-related aspects the results of which 
have been reported elsewhere (Huwendiek et al. 2013). 
 Prior to analysis, the interviews were videotaped and transcribed verbatim. We 
selected a qualitative focus group methodology, as it has the potential to bring into 
focus not only the perceptions of participants but also the ideas and contemplations 
behind them (Krueger et al. 2000). Interviewing peers in groups rather than individually 
fosters a safe environment because it decreases the power distance between research-
er and subjects and encourages in-depth discussion, which, in turn, may ultimately 
cause participants to change or adjust their views. To reduce any social pressure within 
the group that could prevent participants from speaking out freely, the moderator 
made clear that contributions of any kind would be highly valued and that each opinion 
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or view, no matter how divergent, would be respected. Prior to the discussion, partici-
pants were expected to write down their ideas about the theme under discussion. The 
lead author (SH) who is well versed in moderating focus group discussions conducted all 
the interviews which lasted two hours and took place on different days. Group inter-
views were guided by a questioning route (Appendix 2) which promoted consistency 
between interviews (Krueger and Casey, 2000). Two researchers (CD, FR) assisted the 
moderator by taking detailed notes and recording the interviews on video. We tran-
scribed the tapes verbatim and sent participants the condensed scripts for approval. 
 Three authors (CD, FR, SH) subjected the scripts to a qualitative thematic analysis. 
This process consisted of a careful reading of the scripts, during which initial codes were 
spotted and singled out (Braun & Clarke 2006). From among these codes, themes and 
subthemes were identified and subsequently discussed in the research team in an itera-
tive process, which elaborations served as new input for the coding process. These 
steps were repeated until all researchers were in agreement. Whenever possible, we 
kept an account of the strength of opinions and the number of times group members 
shared similar views. We ended the interviews after the eighth session, because the 
latter interview did not deliver us any new insights (Krueger & Casey 2000). 

Statistical Analysis 

We used the questions that assessed clinical reasoning (KFPs and crSBAs) of 11 end-of-
clerkship summative exams (377 fifth-year medical students) as input for the statistical 
analysis. The exams all had the same blueprint but differed in the questions used. In line 
with recommendations by Page and Bordage (1995), we considered each case in the 
KFP component an item, and used a partial scoring system (a score between 0 and 1 
reflecting the proportion of correct responses). We analysed difficulty (percentage of 
correct answers) at the item level for the pool of items over 11 exams and compared 
the difficulty distributions for the two question formats (KFPs and crSBAs). In order to 
investigate the reliability of the mean KFP score, we performed a generalisability analy-
sis. For each exam we estimated variance components using a simple all-random per-
son-by-item design. We then pooled variance components across exams weighted by 
sample size. The pooled variance components were used to estimate the generalisabil-
ity coefficient (G coefficient), which is conceptually similar to Cronbach’s alpha. The 
same procedure was applied to obtain the G coefficients of the crSBA questions. We 
were interested in comparing the reliabilities of KFPs and crSBAs that take equal 
amounts of testing time. To this end we also computed the G coefficients of KFPs and 
crSBAs for varying hypothetical amounts of testing time and computed efficiency using 
the Spearman-Brown prediction formula (Norman et al. 1996). 
 Test duration was determined by using the log files from the server data bank of the 
assessment system. To estimate how long students needed to answer a question, we 
measured the lapse of time from the moment students opened a page to a question 
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until they moved on to the next page (to the next question). Since KFPs consisted of 
three questions, we added the times of the respective three questions. If students went 
back to a specific question, we added all times they returned to this question. Times 
were added even when an answer remained unchanged. 
 We calculated Pearson’s correlation for student’s component scores for each of the 
11 exams (exam level, student-level data). In order to reduce bias when estimating the 
average correlation, the scale of the correlations was Fisher-z transformed before calcu-
lating the average. To obtain true correlations we divided the observed correlations by 
the square root of the product of both reliabilities. Finally, we computed correlations of 
the two different written assessment formats with the total OSCE score. True correla-
tions obtained after correction for attenuation should be interpreted with caution, 
because in the case of low reliability in particular, there may be a considerable risk of 
over-correction (Muchinsky 1996). 

Ethical Approval 

In Germany, where the present study was carried out, this type of educational study 
does not require approval from an ethics committee. Nevertheless, we confirm that 
participants took part on a voluntary basis, cannot be identified by the material pre-
sented and run no conceivable risk by having taken part in the study. 

RESULTS 

Focus Group Study 

During the analysis, four main themes emerged, which are detailed below. Table 1 lists 
quotes from the interviews that are illustrative of each theme with the numbers in 
parentheses referring to the focus group and student number, respectively. Also see 
Figure 1 for a visual summary of the results. 
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Table 1: Quotes from focus groups: 
Numbers in parentheses refer to focus group and student number, respectively 

(i) KFPs were perceived as more realistic because of the long-menu questions  
“KFPs are clearly more realistic, as you have to choose the correct answer yourself like in reality, and not from 
a predefined list”. (1/2) 

“In the KFP you must come up with an answer yourself, if you do not have one, you have a problem, which is 
also the case in real clinical practice”. (5/6) 

“If you are in an emergency situation, you do not have time to look up the correct therapy either, so I find these 
long menus more realistic than crSBAs”. (3/1) 

(ii) KFPs were perceived as more difficult to answer because of the long-menu questions  
“As you have to know everything in the long-menu questions actively by heart, it is more difficult. The crSBAs 
are easier to solve as you will more easily recognise the correct answer from the options listed”. (6/6)  

“These long-menu questions were more difficult as you really had to reproduce your knowledge which is 
different from just having to recognise the correct answer”. (5/4) 

“When I had to give a diagnosis in a KFP, I found it much harder because I had to write it myself. In the crSBA I 
could see the options, which was easier”. (4/1) 

“When you enter your answer in the long menu it is harder to judge how well you have done in this question 
than in the crSBA questions”. (1/4) 

(iii) KFPs provided a greater stimulus for the intense study of clinical decision-making than did crSBAs 
“As you knew that the 8 leading symptoms would be assessed with long-menu questions, you studied these 
leading symptoms much harder and more actively and thought about what they might ask you in the exam to 
be well prepared”. (1/2) 

“As I knew that 8 leading symptoms would be tested with long menu and I had to write it down myself in the 
exam, I studied these issues much more intensely, e.g. by working though the VP more carefully and repeatedly 
and taking notes while working through the cases”. (7/4) 

“I studied more for the long-menu questions. Had I known the exam was purely crSBA-based, I would have 
studied less, just the lecture notes, e.g., and I would have studied the main aspects of them, because this often 
suffices when answering multiple choice questions for which you only need to tick the correct answer”. (5/5) 

“Besides working through the VP several times I also explicitly wrote small guidelines in which I summarised for 
myself differential diagnoses that are typical of a leading symptom, typical diagnostic procedures and 
therapeutic options. Since I knew this would be relevant for the exam with KFPs I did that”. (4/2) 

“Long-menu questions in the VP or KFP much better show you your gaps in knowledge. This motivated me. In 
the crSBA it is easier to pretend that you know”. (2/4) 

“Learning with VPs was the best way to prepare for the KFPs, as you actively practised how to think and 
proceed in such a case. They taught me more than the problem-based learning tutorials did”. (1/5)  

(iv) Overall, KFPs were received positively and perceived to support the learning of clinically relevant topics; 
however, some aspects need to be taken into account when using them for high-stakes examinations. 
“The KFPs were not so easy but I appreciate them better than crSBAs because they motivate you to learn 
relevant things which you will need in any case for your studies and future practice”. (1/1) 

“I liked the VPs and KFPs as I knew these would help me learn and test my knowledge of relevant topics, which 
is important to your future professional life, knowing how to proceed in cases of a patient with such a leading 
symptom”. (4/4) 

“I appreciated the KFPs as they showed you what you really knew and had understood and could apply and 
what not”. (3/5) 

“Sometimes I could not find the word I had in mind in the long menu - that was frustrating. At that point the 
additional free-text field was helpful”. (1/4). 

“I think it would be helpful if you could always give a comment on the item you have chosen from the long 
menu including why you think something is important. Similar to an oral exam…“. (1/2) 

 



ASSESSING VIRTUAL PATIENTS`  IMPLEMENTATION 

109 

(i) KFPs were perceived as more realistic because of the long-menu questions. 

Students perceived the KFPs with long-menu questions as more realistic than the crS-
BAs, as these required them to actively produce the solution as is the case in real life 
when there is no opportunity to choose from options. 

(ii) KFPs were perceived as more difficult to answer because of the long-menu 
questions. 

Students perceived the long-menu questions as more difficult to answer as there was 
no limited range of options to choose from. The long-menu response format required 
students to generate the answer themselves. Overall, students found the crSBA format 
to assess rather passive knowledge and the long-menu response format of KFPs to as-
sess more active knowledge. Moreover, students had more difficulty judging how well 
they performed in the long-menu questions compared to the crSBAs. 

(iii) KFPs provided a greater stimulus for the intense study of clinical decision-
making than did crSBAs. 

As the KFP with long-menu questions were perceived as more difficult and more realis-
tic than crSBAs, students were more motivated to study hard and more in depth for the 
KFP assessment questions. Likewise, students reported KFPs motivated them more to 
use VPs for learning. More specifically, they worked through VPs several times and very 
ambitiously as they knew that these might be helpful in answering KFP questions. VPs 
were perceived as the best way to prepare for the KFPs with long-menu questions, 
whereas problem-based learning, seminars and learning from books were regarded as 
less helpful. Students found that actively working through the VPs (with embedded 
long-menu self-assessment options), including the helpful feedback they provided, 
prepared them well for the KFPs. Students generally felt that VPs afforded the best 
opportunities to actively train the clinical reasoning competencies required for solving 
the KFPs. Without these VPs, it would have been much harder to learn about clinical 
reasoning for the exam. 

(iv) Overall, KFPs were received positively and perceived to support the learning 
of clinically relevant topics; however, some aspects need to be taken into 
account when using them for high-stakes examinations. 

In general, KFPs were favourably received by students: They liked the use of KFPs for 
assessment purposes, for the incentive these provided them to learn important topics 
that were clinically and practically relevant. It is important that the content of the long 



CHAPTER 6 

110 

menus be exhaustive and include all synonyms relevant to each specific question. Omis-
sion of any synonyms caused frustration among students if they could not find the cor-
rect answer and had to produce synonyms themselves, a time-consuming effort in the 
exam which put additional pressure on them. The extra free-text entry field (as an es-
cape option) was perceived as helpful when no solution could be found in the long 
menu. 
 However, students also voiced some concerns about KFPs. For instance, they regret-
ted the fact they had to single out one correct answer phrased in only one or a few 
words without having the opportunity to elucidate their reflections, as would be the 
case in an oral exam. The inclusion of a free-text commentary field offered some solu-
tion, by allowing students to clarify their choices. Despite these concerns, however, 
students felt KFPs should remain part of the assessment, as they required knowledge of 
important and common leading symptoms, which, in turn, sparked intensive self-study. 
Yet, inclusion of KFPs was conditional on appropriate alignment of assessment contents 
with those of courses, including VPs. 
 

 

Figure 1: Visualisation of results of the focus group study.  
The arrows represent the influence. E.g., the long-menu response format of KFPs had an influence on the
overall perceived realism and difficulty of KFPs. 

Statistical Analysis 

The results of the statistical analysis are presented in Tables 2-4. First, the analysis re-
vealed that the two question types did not differ with respect to their level of difficulty 
(expressed as % of correct answers). Compared to crSBAs, the KFP questions presented 
the highest reliability, as assessed by a G coefficient in a D study. On average, the reso-
lution of one KFP required 169 s, whereas 75 s were needed to solve one crSBA. Con-
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sidering this, a test based exclusively on KFPs would require 45 min. of testing time to 
reach a .80 G coefficient, as opposed to 65 min. in a test that would be entirely crSBA-
based. The correlation between the two formats was high, implying that both question 
types measure similar constructs (clinical reasoning). Table 3 presents the reliabilities to 
be expected for varying test durations, based on hypothetical tests composed of either 
one of the item types. Table 4 details the correlations of both written exam item types 
with the total OSCE score. KFPs correlated more closely with the total OSCE score than 
did crSBAs. 
 
Table 2. Item- and exam-level characteristics 

Item-level characteristics 
Items KFP crSBA 
N items (all 11 exams) 81 162 
Difficulty: Mean (Standard Deviation) .77 (.13) .75 (.20) 
G analysis based on mean variance components over exams 
Items KFP crSBA 
Mean number of items in the exams (rounded) 7 15 
Reliability (G coefficient) for mean number of items in the exams .65 .52 
Number of items needed for a G coefficient of .80 16 52 
Time needed to achieve a .80 G coefficient when using one question format 
only 

45 min. 65 min. 

Exam-level characteristics, N exams = 11 
Correlations KFP - crSBA 
Correlation: Mean (Standard Deviation) .50 (.11) 
Correlation after Fisher’s Z-score transformation .50 
True correlation after Fisher’s Z-score transformation .95 

Legend: 
KFP: Key-Feature Problem with Long Menu 
crSBA: context-rich Single Best Answer 
 
Table 3. Reliability per testing time (efficiency); average of 11 exams 

Testing time 1 hour 2 hours 3 hours 4 hours 

KFP .84 .91 .94 .96 
crSBA .79 .88 .92 .94 

 
Table 4. Correlations 

 OSCE- 
KFP 

OSCE- 
crSBA 

Correlation M (SD) .54 (.12) .41 (.20) 
Correlation after Fisher’s Z-score transformation M  .55 .43 
True correlation after Fisher’s Z-score transformation M .93 .81 
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DISCUSSION 

In our search for an answer to the question of which assessments formats would be 
most suitable to test clinical reasoning in clerkship exams, we compared crSBAs and 
KFPs with respect to students’ acceptance, their educational impact and psychometric 
characteristics in a mixed-methods study. From the analysis of the focus groups four 
themes emerged reflecting students’ perceptions of KFPs compared to their crSBA 
counterparts: KFPs were perceived as more realistic and difficult, providing a greater 
stimulus for the intense study of clinical reasoning than did the crSBAs, and were gener-
ally well accepted, provided some preconditions were taken into account. The statistical 
analysis unveiled no difference in difficulty. KFPs exhibited a higher reliability and effi-
ciency than did the crSBAs. The true correlation of the two written exam parts was high; 
however, KFPs correlated more closely with the overall OSCE score than did the crSBAs. 
 Our data indicate that KFPs with a long-menu response format provide a greater 
stimulus for the intense study of clinical reasoning than do crSBAs. This educational 
effect of KFPs has not been previously reported for clerkship students. A few studies, 
however, have demonstrated that the question format, notably the response format, 
can affect student learning (Cillier et al. 2012, Frederiksen 1984). Desjardins and col-
leagues (Desjardins et al. 2014), for instance, recently pointed out that the response 
format can indeed have an impact on the incidence of cueing, which again can impact 
perceived difficulty. In their study they made a comparison between multiple choice-
type and open-ended questions, presenting a first group of students with open-ended 
questions, followed by multiple choice questions, and a second group with the same 
questions in the reverse order. Irrespective of the format seen first, multiple choice 
scores resulted higher than those of the open-ended questions. The observed pattern 
suggests that it was cueing rather than memory for prior questions that led to increased 
multiple choice questions scores. It may be hypothesised that if students truly believe 
that crSBAs are easier, an examination that is purely crSBA-based could be perceived as 
less challenging. This could impact the way students prepare for the examination, pos-
sibly studying at a more superficial level, which would surely oppose the intent of as-
sessment, which should be to encourage a deep approach to learning (Al-Kadri et al. 
2012, Newble & Jaeger 1983). That the response format matters is also supported by a 
think-aloud protocol study which found that more complex descriptions of thinking 
patterns are used when solving KFPs with long menu relative to SBAs (Schuwirth et al. 
2001). 
 In terms of psychometric data, we have demonstrated that the measuring capacity 
of KFPs per unit of testing time is larger than that of crSBAs. With only 7 KFPs we 
reached a reliability (G coefficient) of .65, which means that we would achieve an esti-
mated reliability of .80 with only 16 KFPs in a 45-minute exam. Hrynchak and colleagues 
(2014), in contrast, reported in their review on KFPs aimed at assessing clinical reason-
ing that internal consistency reliability of KFPs as measured by Cronbach’s alpha would 
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be generally acceptable (i.e., between .70 and .95) if 25 to 40 KFPs were used (about 3-
4 hours of testing time). In the case of undergraduate medical students, Fischer et al. 
(2005) found that a 90-minute, 15-KFP exam was able to achieve a reliability of .65 
(Cronbach’s alpha). Similarly, Hatala and Norman (2002) developed a 15-KFP 2-hour 
written exam to assess clinical decision-making skills in internal medicine clerkship stu-
dents which exhibited an overall test reliability of .49. One explanation for the high 
reliability of the KFPs in the present study could be that KFPs always focused on eight 
important leading symptoms and were therefore restricted in terms of coverage. An-
other explanation could be that our KFPs were better aligned with the instruction pro-
cess (Virtual Patients included). Their limited coverage could also explain why, psycho-
metrically, KFPs were of the same difficulty as crSBAs, where the long-menu format is 
usually reported to be more difficult (Newble et al. 1979, Veloski et al. 1993). 
 The fact that KFPs correlated more closely with the total OSCE scores supports the 
results of the qualitative data. It may be hypothesised that KFPs with a long-menu re-
sponse format assess active rather than passive knowledge, due to the absence of cue-
ing just like in an OSCE, where there are no predefined answers to choose from either. 
Further studies are needed, however, to test this assumption. Using VPs for learning 
(formative assessment) and KFPs for the assessment of clinical reasoning is an example 
of constructive alignment of goals (to foster active clinical reasoning), methods that 
support active learning of clinical reasoning (VPs including long-menu questions for self-
assessment) and assessment (KFPs which assess clinical reasoning ‘actively’ by long 
menu) (Biggs 1996). 
 One of the merits of the present study is that, to our knowledge, it is the first to 
demonstrate that KFPs with a long-menu response format offer clerkship students a 
powerful incentive to learn clinical reasoning. Other strengths are the fact that this 
study was performed in a real setting with many exams and students, and used a mixed-
methods design. A limitation of this study is that focus group interviews are generally 
susceptible to bias, such as that due to the moderator’s influence, although we took 
measures to minimise this. A further limitation is that the restriction of the coverage of 
the KFPs to eight leading symptoms may have impacted psychometric characteristics. 
We would therefore welcome replications of our study without such restrictions. Never-
theless, in terms of its educational value, our concept bore fruit in that students put a 
special emphasis on learning clinical reasoning for the most important leading symp-
toms as intended. Finally, we encourage studies focusing on one aspect only (either 
response format or stimulus format or number of questions per case vignette) to en-
hance our understanding even more.  
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CONCLUSIONS 

Students perceived the KFPs with long-menu questions as providing a greater stimulus 
for the intense study of clinical reasoning than did crSBAs. Statistically, the KFPs re-
vealed a higher efficiency than crSBAs. This study supports the idea that, from an edu-
cational perspective, both the stimulus and response format of questions seem to mat-
ter. Including KFPs with long menu in clerkship examinations seems to offer valuable 
opportunities to steer learning in clinical clerkships without psychometric drawbacks. 

PRACTICE POINTS 

- The analysis of focus group discussions revealed that students perceived KFPs with 
long-menu questions as providing a greater stimulus for the intense study of clinical 
reasoning than did crSBAs.  

- Statistically, KFPs revealed a higher efficiency than crSBAs.  
- This study supports the idea that, from an educational perspective, both the stimu-

lus and response format of questions seem to matter. 
- Including KFPs with long menu in clerkship examinations seems to offer valuable 

opportunities to steer learning in clinical clerkships without psychometric draw-
backs. 
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APPENDIX 1 

Example of KFP:  

Vignette:  
You are the physician in charge in a paediatric outpatient department. A parent pre-
sents the 4-year-old girl Jessica who refuses to walk. She has been having reoccurring 
upper respiratory tract infections for 4 weeks. In the physical exam she appears pale. 
 Although she refuses to walk, muscular strength, neurologic and joint findings of the 
lower extremities are normal. All other physical exams are equally normal. 

Question 1: 

After having taken a full history and having performed a physical exam: 
What would be your next step in the investigation? (Please provide one answer; be as 
specific as possible) 

Question 2: 

In the blood count including differentiation you find the following: leucocyte count 
2.8/nl (4,5–13/nl); erythrocyte count 2.0/pl (3.9–5.3/pl); haemoglobin 6.1 g/dL (11–14.5 
g/dL); haematocrit 18% (31–37%); thrombocyte count 90/nL (180–530 /nL). The differ-
entiation of the blood count is still pending.  
What is the most likely diagnosis in this case? 

Question 3: 

How do you confirm your suspected diagnosis? 

Example of crSBA 

You are a paediatrician in your private practice. A parent presents a three-year-old girl 
who has suffered from dizziness, nausea and vomiting since 2 weeks. The physical exam 
reveals a gait ataxia and postural instability.  
What should be done first? 
- physiotherapy 
- referral to a child and youth psychiatrist 
- referral to an ophthalmologist and ENT specialist 
- Lumbar puncture 
- MRT of the skull 
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APPENDIX 2 

Questioning route 

1. How did you perceive the electronic clerkship exam? 
2. How did you perceive the different assessment formats in the clerkship exam? 
3. Did the different assessment formats have an impact on your learning? If yes, how? 
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Clinical reasoning is generally considered a decisive component of nearly everything 
doctors do in practice (Higgs et al. 2008, Norman 2005, Eva 2005). However, medical 
education seems to fall short of providing students with adequate opportunities to learn 
these skills, exposing them to too few and less varied real patients (Rattner et al. 2001) 
and of providing adequate feedback and coaching (Wimmers et al. 2005, Schmidt & 
Mamede 2015, Eva 2004). Besides using real patients, one may also resort to the use of 
Virtual Patients, which show promise as a tool to foster the learning of clinical reasoning 
(Cook et al. 2010). However, there is a paucity of concrete evidence on how to design 
and implement VPs with the aim to foster clinical reasoning (Cook et al. 2010). Therefore, 
we investigated the following two main research questions in this dissertation:  

I: How to improve the design of Virtual Patients to foster learning, especially of clini-
cal reasoning? 

II: How to improve the implementation of Virtual Patients to foster learning, especial-
ly of clinical reasoning?  

 In this chapter we first discuss the main research findings and conclusions of this 
dissertation and then consider its strengths and limitations. Finally, we discuss the im-
plications for further research and for practice. 

DISCUSSION OF MAIN RESEARCH FINDINGS AND CONCLUSIONS 

First we discuss the main research findings of Chapters 2-4 in order to answer the first 
main research question, and then those of Chapters 5-6 to answer the second main 
research question. 

Main research question I: How to improve the design of VPs to foster learning, espe-
cially of clinical reasoning? 

Based on Chapters 2-4 we conclude that the following three main aspects seem to be 
especially relevant in the optimisation of VP design to foster the learning of clinical 
reasoning: the use of instructional design criteria, the incorporation of virtual guidance 
on clinical reasoning and the provision of validated instruments for systematic further 
improvements of VP design. The first two aspects have been addressed, with differing 
degrees of detail, by different stakeholders, students and VP experts in Chapters 2-4. 
The third aspect has been addressed in Chapters 3 and 4 building also on results of the 
previous chapters. In the following we elaborate on these main aspects. 
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Using instructional design criteria  

 Main criteria found in the studies of Chapters 2-4 were that VPs should be relevant, 
of appropriate difficulty, interactive, provide specific feedback, make appropriate use of 
different media, help students focus on relevant learning points, and be authentic in 
terms of student tasks. Further, it has been demonstrated in Chapter 2 that students, 
while appreciating a mix of questions to shore up interactivity, prefer Long-Menu to e.g. 
Short-Menu questions in a VP, because they find these questions more challenging, 
more suitable for the identification of gaps in their prior knowledge, and more motivat-
ing as they have to generate their response by themselves. 
 Most of these findings reflect criteria from outside the VP design literature, such as 
principles for the development of teaching cases (‘interactive’, Kim et al. 2006), lessons 
from simulation research (‘provide specific feedback’, Issenberg et al. 2005) and princi-
ples for multimedia learning design including cognitive load theory (‘help students focus 
on relevant learning points’, Grunwald & Corsbie-Massay 2006, Stemler 1997¸ Mayer 
2005, Lawless 1997, Merriënboer & Sweller 2010). For details, refer to Table 1, Chapter 
1, page 16. 
 To our knowledge, however, no study has ever compared the effects of Short- and 
Long-Menu questions on learning with VPs. Chapter 2 reveals that students prefer Long-
Menu questions for the reasons outlined above. This resonates with results from as-
sessment research, where open response questions like LMQs are perceived as more 
difficult and motivating (Desjardins et al. 2014, Frederiksen 1984, see also Chapter 6). 
 Some of the criteria found also address conflicting goals. To name an example, the 
students of Chapter 2 expressed the wish to make all decisions a doctor would make in 
real life (authentic tasks), while at the same time they appreciated assistance to help 
them ‘focus on relevant learning points’. Finding the right balance here is surely chal-
lenging and depending on students’ prior knowledge and their stage in a curriculum as 
reflected in the ‘appropriate difficulty’ criterion and other studies from clinical reason-
ing research (Durning et al. 2012). This conundrum, bearing a close relation to clinical 
reasoning, leads us to the next main aspect of VP design on how to incorporate virtual 
guidance on clinical reasoning into a VP. 

Incorporating virtual guidance on clinical reasoning 

The incorporation of clinical reasoning support into the VP, by asking explicit questions 
and by guiding the clinical reasoning process, was perceived by advanced students as 
very helpful in that it allowed the learning of clinical reasoning, as evidenced by the 
focus group study of Chapter 2. Such coaching would take the form of a virtual supervi-
sor asking the respective questions, such as ‘generate a differential diagnosis’ early in 
the case, eliciting discriminating features of a set of diagnostic hypotheses, asking for an 
early synthesis, and providing students with feedback on their answers. Students indi-
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cated that this coaching, together with the instructional design principles of ‘interactivi-
ty’, ‘specific feedback’ and ‘authenticity of student tasks’, made them feel well prepared 
for dealing with real patients to an extent no other type of teaching had previously 
achieved. 
 Incorporating virtual guidance seems foundational to the design of VPs, but it is also 
the most laborious part. Such construction could only thrive on a good collaboration 
between educational and medical experts in the field. The above-mentioned conclu-
sions resonate well with strategies to foster clinical reasoning in advanced students 
from outside of the VP literature as described in Table 1 in Chapter 1 (page 16, Bowen 
2006, Nendaz & Bordage 2002; Bordage 1999, Schmidt & Mamede 2015) and a recent 
‘twelve tips publication’ on VP design (Posel et al. 2015). In their recent review and 
proposal on teaching clinical reasoning, Schmidt & Mamede (2015) propose that ad-
vanced students need to see many patients to learn the full range of different manifes-
tations of each disease and those of related diseases showing similar symptoms and to 
be able to recognise and distinguish between them. They call for a ‘deliberate reflection 
strategy’, by which students actively weigh various diseases and hypotheses against the 
signs and symptoms presented in a patient’s history (Schmidt & Mamede 2015). This 
deliberate reflection strategy is exactly what we describe as ‘virtual guidance on clinical 
reasoning’ within a VP and what students perceived as extremely helpful in Chapter 2. It 
was recently reported that this approach, albeit tested outside a VP context, leads to 
better clinical reasoning in future diagnostic probes (Marmede et al. 2014, Schmidt & 
Mamede 2015).  
 By implementing strategies that were originally developed for other settings, trans-
posing them to VPs and evaluating how these were perceived by students, we could 
add to the existing body of VP design literature.  

Providing validated instruments for systematic further improvements of VP 
design 

To systematically improve VP design, well-designed instruments can be helpful. In Chap-
ters 3 and 4 respectively we developed such instruments, including a VP design typology 
and a VP design survey tool. 
 To develop the VP design typology reported in Chapter 3, we synthesised 19 factors 
relevant to VP design around four categories based on the literature, a modified Delphi 
study by international VP experts and a validation process. The category ‘general’ in-
cluded topics such as ‘title’ and ‘typical study time’, the category ‘educational’ topics 
such as ‘educational level’ and ‘objectives’, the category ‘instructional design’ topics 
such as ‘interactivity use’ and ‘feedback use’ and the category ‘technical’ topics such as 
‘originating system’ and ‘dependence’. 
 This typology can help VP developers to gain more clarity about relevant VP design 
features and can direct researchers in selecting those features that deserve reporting 
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when publishing VP-related research. If the scientific literature does not exactly state 
how the intervention (e.g. a VP) was designed, it is very hard to draw the right conclu-
sions from such research (Cook et al. 2007). For example, the type and number of ques-
tions included can vary significantly between different VPs and VP systems. It is there-
fore important that authors report the type and number of questions included in a VP, 
for which they may use the described typology (‘instructional design’ category, ‘interac-
tivity use’ factor) to allow for correct interpretations by readers and in possible future 
systematic reviews. However, reporting deficiencies not only seem to pervade the VP 
literature: According to a systematic review by Cook et al. (2011), the quality of report-
ing scientific results seems to be generally critical in medical education research. While 
there are several guidelines for the reporting on qualitative research, for example, 
(O'Brien et al. 2014) no guidelines exist as yet for the reporting on e-learning interven-
tions or VPs. Considering that the VP research field is still in its infancy, it seems espe-
cially important to have such guidance in the form of a typology. Since its publication in 
2009 the VP typology has been cited in upwards of 65 publications, which confirms the 
need for such an instrument. We are convinced that this typology will help move this 
research field beyond its infancy. 
 To develop the VP design evaluation instrument documented in Chapter 4, we 
availed ourselves of the published evidence including the lessons learned from Chapters 
2 and 3 on VP design. The short instrument that resulted consists of six questions dis-
tributed between three factors (authenticity of patient encounter and the consultation, 
cognitive strategies in the consultation, coaching during consultation) and one global 
score. It is theory-based and has been demonstrated to validly measure students’ per-
ceptions of VP design, especially in relation to its purpose to foster clinical reasoning, as 
long as the sample used per VP is large enough. Although the evaluation of one VP re-
quires at least 200 student ratings before the outcome for all three factors can be con-
sidered reliable, the instrument is still unique in its kind (Huwendiek et al. 2014). Since 
the same VPs are increasingly used by large numbers of students (Berman et al. 2008, 
2011, Poulton et al. 2007; Balasubramaniam et al. 2009; Poulton & Balasubramaniam 
2011), it seems feasible to achieve the required number of evaluations. If we wield this 
short VP design evaluation instrument to collect feedback from many users alongside 
the previously described typology (Chapter 3) to characterise the VP we wish to evalu-
ate, we may be able to secure systematic VP design improvements in the future, for VP 
design and perception can be easily combined in order to make the right inferences. 

Main research question II: How to improve the implementation of Virtual 
Patients to foster learning, especially of clinical reasoning?  

Based on Chapters 5-6 on VP implementation, we conclude that the following three 
main aspects are especially relevant to VP implementation that aims to foster the learn-
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ing of clinical reasoning: Sequencing according to complexity, aligning instruction and 
aligning assessment. In the following we elaborate on these main aspects. 

Sequencing according to complexity 

In Chapter 5 we found that students perceived it helpful when they were exposed to 
VPs with increasing complexity, adapted to their knowledge. They also deemed the 
following order of VPs and other educational activities appropriate to maximise their 
learning of clinical reasoning: i) acquire a knowledge base by means of a symptom-
oriented lecture or computer-assisted learning activity, ii) work on 1 to 2 VP(s) to apply 
the newly gained knowledge, iii) in the case of complex diseases, hold a tutor-led small 
group discussion, and iv) meet a real patient presenting the same leading symptom. 
 The reasons students gave for their sequence preferences appear to be in line with 
instructional design principles, such as ‘from simple to complex’ and ‘from low to high 
fidelity’ (Van Merriënboer & Sweller 2010) and with the results of meta-analyses of 
simulation research that demonstrated the importance of steadily increasing complexity 
adapted to learners’ abilities (Issenberg et al. 2005; McGaghie et al. 2010). 

Aligning instruction 

Students also stressed the importance of aligning VPs and other educational formats to 
foster clinical reasoning, as reported in Chapter 5. VPs and related educational activities 
should use appropriate instructional methods and address aspects to which they are 
particularly suited. Strategies to foster clinical reasoning (Bowen 2006, Schmidt & 
Mamede 2015) should be implemented both in VPs (Chapter 2) and in related educa-
tional activities (Chapter 5). In a small face-to-face group session, for example, instead 
of revisiting the preceding VP(s) tutors should challenge students to discuss the differ-
ential diagnosis including confirming and disconfirming factors and feedback. In bedside 
teaching students should take the history and perform the physical examination, while 
supervised by clinical teachers who challenge them with questions about clinical rea-
soning. To fulfil their job, teachers should be properly trained for their tasks. This ech-
oes the work by Eva (2004) who concludes that clinical teachers should not rely on 
students to make meaningful comparisons across problems spontaneously. Successful 
reasoning by way of analogy is much more likely to occur when students have been 
explicitly instructed by VPs and clinical supervisors to attempt to identify similarities in 
the underlying concepts of superficially distinct problems (Thompson et al. 2000). 
 Overall, this resonates well with the idea of a flipped classroom approach (Prober & 
Heath 2012, Prober & Khan 2013) in that it uses the precious face-to-face time for 
learning activities which can only be done face-to-face (e.g., seeing a real patient in 
bedside teaching) and reserves other educational activities (e.g., online VPs) for self-
study. Similarly, it is consonant with the literature on the alignment of computer-
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mediated activities with other teaching activities (Bunk & Graham 2006, Choules 2007, 
Bonk 2006). Sequencing and aligning instruction (as outlined above) were considered to 
be especially helpful in fostering clinical reasoning and preparing students optimally for 
clinical reasoning in real patients. 

Aligning Assessment 

Students recommended that VP-related content be reflected in the assessment (Chap-
ter 5). Not only is this consistent with general learning and assessment principles 
(Larsen et al. 2008; Schuwirth et al. 2011) and a study on the integration of VPs (Fischer 
et al. 2008), it also demonstrates that students recognise and appreciate the practical 
relevance of VPs. They also judged the ‘Key-Feature Problems with Long Menu’ re-
sponse format used in a summative clerkship exam a greater stimulus for the intense 
learning of clinical reasoning (with VPs) than the context-rich Single Best Answer ques-
tions (Chapter 6). This educational (pre-assessment) effect of KFPs has not been report-
ed earlier for clerkship students. However, some studies do suggest that the response 
format can have an influence on students’ learning (Cillier et al. 2012, Frederiksen 
1984). Desjardins and colleagues (2014) recently demonstrated that the response for-
mat can indeed have an impact on whether cueing occurs, which, in turn, can affect 
perceived difficulty. Including KFPs with Long Menu in summative clerkship exams 
seems to bring about educational effects without psychometric drawbacks. 
 The design and implementation of VPs for active learning of clinical reasoning (Chap-
ters 2 & 5) and use of KFPs with Long Menu for the assessment of clinical reasoning 
(Chapter 6) described in this dissertation is also an example of constructive alignment, 
specifically of the goals (to foster active clinical reasoning), the methods (VPs and im-
plementation that support active learning of clinical reasoning) and the assessment 
(KFPs that ‘actively’ assess clinical reasoning using Long Menu) (Biggs 1996). This align-
ment is said to optimally support the intended learning (Biggs 1996).  

STRENGTHS AND LIMITATIONS 

Major strengths of this dissertation are the authentic settings in which studies were 
performed, the involvement of different stakeholders in the studies and the combina-
tion of different research methodologies. In the following we will elaborate on these 
aspects. 
 Three of the five studies (Chapters 2, 5, 6) were conducted in an authentic educa-
tional practice setting (specifically a paediatric clinical clerkship), which enhances the 
value of findings for educational practice. Moreover, students were exposed successive-
ly to VPs and real patients and could therefore make better judgements than would 
have been the case if the studies had not included real patients. After each study, we 
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used the results to continually improve the way VPs were used in this clinical clerkship. 
As such, this dissertation in effect represents a kind of design-based research (Anderson 
& Shattuck 2012). 
 Different stakeholders were involved. While in most studies students were the tar-
get of our investigation, in Chapters 3 and 4 VP experts and medical teachers, national 
and international, were strongly involved in the development of both the VP typology 
and the VP evaluation instrument. Exploring different stakeholders’ perceptions of the 
same aspect, e.g. VP design, can improve the validity of the results. 
 Furthermore, we used different research methods in this dissertation. The results of 
the focus group study on the design of VPs (Chapter 2) also informed the Delphi-study 
among VP experts to develop the VP typology (Chapter 3) and the questionnaire study 
on VP design (Chapter 4). In Chapter 4 we used data from VP experts, think-aloud pro-
tocols from students and statistical measures to establish validity evidence. In Chapter 6 
we used qualitative data from a focus group study and quantitative psychometric data 
resulting in a mixed-methods design similar to that of Chapter 4. By blending methods 
we were able to achieve a more comprehensive picture and enhance our understanding 
of the issues under scrutiny. 
 
Major limitations of this dissertation are that three studies were conducted at only one 
centre, that it did not include a study on the long-term implementation of VPs, or one 
on the transfer of learning to real patients using objective measures. In the following we 
will elaborate on these aspects. 
 Three studies (Chapters 2, 5, 6) of this dissertation emanate from senior undergrad-
uate medical students (clerkship students) in one specialty – Paediatrics – from the 
same medical school. Given the possible uniqueness of the curriculum of this medical 
school and its students, it is not inconceivable that medical students from this context 
differ from their counterparts in other parts of the country or even the world. Generali-
sation to more junior students, to students in other specialties and students from other 
countries is therefore questionable. 
 The studies of this dissertation focused on learning at one point in time (Chapters 2, 
5, 6). We did not investigate the longitudinal integration of VPs e.g. throughout a whole 
curriculum. As longitudinal repetitive practice is central as evidenced by the principles 
of ‘deliberate practice’ (McCaghie et al. 2011) and ‘mastery learning’ (Wayne et al. 
2006), this should also be done with VPs to foster learning of clinical reasoning. Further, 
students at different levels of training may need different ways of clinical reasoning 
teaching (Schmidt & Mamede 2015), which calls for different VP designs to optimise 
their learning.  
 Finally, we did not objectively measure the transfer of learning to practice with real 
patients. While students indicated that this would occur in the studies in Chapters 2, 5 
and 6 and we also did some objective measurement of learning from VPs in Chapter 6, 
we did not objectively measure the transfer of learning to practice with real patients. 
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IMPLICATIONS FOR FUTURE RESEARCH 

Suggestions for future research can be derived from our considerations in the limita-
tions section. Future research into VP implementation should be extended to other 
contexts, carried out in multiple centres and over longer periods of time, and investi-
gate the transfer of learning to practice with real patients using objective measures. In 
the following we will elaborate on these aspects. 
 In order to discover if the results of this dissertation can be extrapolated to other 
settings, the following two studies would be interesting. First, a multicentre study con-
sisting of the following three phases: i) development and design of a set of VPs along 
the lines specified by Chapter 2 and based on the content of a respective national core 
curriculum (e.g., Paediatrics, Internal Medicine); ii) implementation and assessment of 
VP learning in accordance with the results of Chapters 5 and 6; and iii) evaluation of VP 
design and implementation of the previous phases using different methodologies, in-
cluding the validated instrument of Chapter 4. Such a study in the field of Paediatrics is 
currently in preparation based on the Paediatric core content established during a Del-
phi study in Germany (Huwendiek et al. 2011). To increase the chances of success, les-
sons learned from a similar project in North America should also be taken into account 
(Berman et al. 2008 & 2011, Schifferdecker et al. 2012). Second, it could be investigated 
whether the lessons learned from the use of VPs in undergraduate education could also 
be extrapolated to postgraduate education and perhaps even to other professions. One 
example currently under way is the interprofessional paediatric emergency training at 
the Children’s Hospital of Heidelberg. This training for physicians and nurses consists of 
three parts: (i) provision of paper-based paediatric emergency guidelines, (ii) work up of 
8 VPs in self-study, and (iii) interprofessional practical simulation team training. First 
results of this project indicate that the lessons learned from this dissertation can gener-
ally be extrapolated (Huwendiek et al. 2012) and that patient treatment can be im-
proved through this training programme. 
 Principles of ‘deliberate practice’ (McGaghie et al. 2011) and ‘mastery learning’ 
(Wayne et al. 2006) implicate that one has to practise purposefully again and again with 
feedback to acquire expertise and become proficient e.g. in ‘clinical reasoning’. There-
fore, long-term implementation of VPs seems promising. When intending to deploy VPs 
for a longer period of time to foster clinical reasoning, the following aspects could guide 
implementation: VPs should be designed to foster clinical reasoning (e.g. Chapter 2). 
However, in a recent review Schmidt & Mamede (2015) suggest that the teaching of 
clinical reasoning should be best tailored to learners’ knowledge and expertise. More 
specifically, for beginners the focus should rather be on developing causal knowledge, 
explaining disease in terms of pathophysiological principles, for intermediates on the 
encapsulation of pathophysiological knowledge, whereas for more seasoned students, 
such as clerkship students, it should be on the development of illness scripts, e.g. by 
using the strategies described in Chapter 2 (Schmidt & Mamede 2015). Additionally, VP 
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implementation strategies should be taken into account (e.g. Chapter 5) and Key-
Feature Problems using Long Menu as assessment method should be integrated longi-
tudinally (e.g. Chapter 6). Furthermore, it has been repeatedly demonstrated that learn-
ing is more effective when students are exposed to a host of different problems at once 
(‘mixed practice’) than when problems are administered on a (diagnostic) category by 
category basis (Eva 2004). This should also be taken into account when implementing 
VPs longitudinally. VP design and implementation could be further improved by using 
the design questionnaire described in Chapter 4 and the curriculum integration ques-
tionnaire reported elsewhere (Huwendiek & de Leng 2010); however the latter should 
first be formally validated. This curriculum with longitudinally implemented VPs could 
then be compared with a curriculum without VPs that is otherwise similar, e.g. using a 
clinical reasoning progress test (Williams et al. 2011). Of course, many possibly biasing 
factors would then need to be taken into account, which would make such a compari-
son challenging. One example of such a longitudinal VP implementation is the longitudi-
nal VP project at Heidelberg Medical Faculty (see Figure 3, page 133). In this project 
most of the above-mentioned features have been taken into account. It deploys over 
100 VPs in 11 different subject areas in a learning spiral to foster clinical reasoning. 
While in the first years the focus is more on biomedical and pathophysiological 
knowledge (e.g. glucose regulation) within a VP presenting typical features (e.g. of dia-
betes mellitus), later the emphasis shifts towards coaching of clinical reasoning, for 
instance by contrasting features of different cases to foster the development of illness 
scripts (see Chapter 2). First results confirm the value of this kind of implementation; 
however the impact of this overall project has not yet been evaluated. 
 Another question worth exploring using objective measures is whether the use of 
VPs can improve patient care. This task can be quite daunting. However it may be pos-
sible to answer this question, for instance by drawing a comparison between patient 
outcomes in a clinic where doctors were trained in clinical reasoning the classical way, 
e.g. by consultant supervision, seminars and workplace-based formative assessments 
(MiniCEX) (Kogan et al. 2009), and those in a clinic with comparable patients where 
doctors were additionally trained by VPs designed and implemented in accordance with 
the conclusions of this dissertation. Such a challenging endeavour would require that 
many aspects be controlled for, like severity of illness, physician characteristics, clinic 
characteristics and overall supervision and training time. However, it should be possible. 
Norcini et al. 2014 for example demonstrated that, after adjustment for several relevant 
factors, performance on the Step 2 Clinical Knowledge exam had a statistically signifi-
cant inverse relationship with patient mortality. Each additional point on the exam was 
associated with a 0.2% (95% CI: 0.1%-0.4%) decrease in mortality. While this study in-
vestigated the association between exam results and patient mortality, a similar at-
tempt could be made by exploring the association between different training formats 
(with/without VPs) and patient outcomes. 
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Figure 3: Longitudinal Virtual Patient Project at Heidelberg to foster clinical reasoning 

The project integrates upwards of 100 Virtual Patients in the first year through to the final year. Displayed 
vertically in the figure, VPs’ focus on fostering the development of illness scripts and the complexity they offer 
steadily increase from year one of medical studies to the last year. In a similar fashion, the focus on patho-
physiological knowledge decreases. This approach embraces Schmidt and Mamede (2015) and Norman’s 
(2009) suggestion that such a teaching strategy would support the transfer of knowledge from the first to 
later years and the development of clinical reasoning. Displayed rather horizontally in the spiral, representing 
clerkships or a study year, for instance, VPs are also integrated with increasing complexity and used to pre-
pare students for the more complex real patients (Chapter 5). 

IMPLICATIONS FOR PRACTICE 

The main implications for medical education appear to be that when deploying VPs, 
they should be well designed, systematically further improved and well implemented to 
optimally foster clinical reasoning. In the following we will elaborate on these aspects. 
 VPs should be well designed, meeting instructional design criteria that ensure, for 
example, an appropriate level of difficulty, authenticity, interactivity, feedback and a 
focus on relevant learning points (Chapter 2). Moreover, virtual guidance on clinical 
reasoning should be incorporated into VPs in the form of questions asking for discrimi-
nating and confirming features to support learning of clinical reasoning (Chapter 2). As 
the development of well-designed VPs is laborious it should be considered to develop 
them collaboratively and multicentre as outlined in the ‘implications for future re-
search’ section of this Chapter. Especially laborious is the development of VPs’ content 
and educational design, not the technical design, as there are ready-made software 
programmes available. It is therefore recommended to recruit sufficient manpower for 
the content and educational design. 



CHAPTER 7 

134 

 When conducting research and reporting on studies involving VPs it is advisable to 
specify the general aspects of these VPs, such as their typical study time and providing a 
short description, their educational aspects, such as educational level and objectives, 
their instructional aspects, such as interactivity and feedback use, and their technical 
aspects, such as originating system and dependence. In doing so, one could use the 
described typology to support the quality of reporting and the scientific progress con-
cerning VP design (Chapter 3). The above-mentioned aspects can be easily addressed in 
an appendix to a publication, in which all VPs used are characterised. When having your 
VP design evaluated by medical students, use a short, valid and reliable instrument that 
focuses e.g. on the authenticity of the encounter, cognitive strategies and coaching 
during the encounter to allow for systematic further improvements of VP design 
through learner feedback (Chapter 4). However, in settings where less than 200 judge-
ments per VP are to be expected, other ways to collect feedback -e.g. qualitative- might 
be more appropriate to make the right conclusions. 
 VPs should be well implemented, meaning that they should be sequenced appropri-
ately, aligned with other educational activities including bedside teaching with real 
patients and with teacher training to foster learning of clinical reasoning (Chapter 5). 
Long-term implementation should also be considered to allow for expertise develop-
ment and sustainable learning as outlined in the ‘implications for future research’ sec-
tion of this chapter. Teaching and assessment of learning with VPs should be well 
aligned by using methods that assess clinical reasoning rather “actively”, such as a free-
text or Long-Menu response format to capitalise on the educational pre-assessment 
effect of these formats (Chapter 6). The Long-Menu response format has the advantage 
over the free-text format in that it allows for a computerised analysis of candidates’ 
answers necessitating only some cross-checking e.g. to detect possible other correct 
answers. 
 It is important to keep in mind that VPs should never be a replacement but an add-
on to the learning of clinical reasoning through real patients supported by medical 
teachers and clinical supervisors (Chapters 2 & 5). Whether there are VPs available in a 
setting or not, it would in any case be great if medical teachers and clinical supervisors 
could take the present recommendations on how to foster learning of clinical reasoning 
into account during face-to-face sessions with students and trainees (Bowen 2006, 
Schmidt & Mamede 2015). 
  



135 

 

Summary 
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Chapter 1 forms the introductory chapter of this dissertation, in which we describe its 
scientific background, rationale, aim and overarching research questions. 
 Clinical reasoning enables doctors to establish the right diagnosis and make the right 
treatment decisions for a patient. Clinical reasoning is generally considered a decisive 
component of nearly everything doctors do in practice. The clinical reasoning skills of a 
physician have as such a great importance and relevance to patient outcomes and to 
patient safety. There are indications that clinical reasoning is not well taught at present. 
Literature shows that so-called Virtual Patients (VPs) are especially suited to foster 
learning of clinical reasoning. Virtual Patients are online cases in which the learner takes 
on the role of physician, has to make all decisions him/herself and receives feedback on 
these decisions. They have been defined as ‘interactive computer simulation[s] of real-
life clinical scenarios for the purpose of medical training, education, or assessment’. 
When learning with electronic learning tools such as VPs, two aspects have shown to be 
of great importance: their design and implementation. 
 When we embarked on this research, there was a paucity of literature on how to 
design and implement Virtual Patients to foster clinical reasoning. That is why we began 
our research project aimed at providing evidence for how learning with Virtual Patients 
to foster clinical reasoning in medical students can be improved by addressing the fol-
lowing two main research questions: 

I: How to improve the design of Virtual Patients to foster learning, especially of clini-
cal reasoning?  

II: How to improve the implementation of Virtual Patients to foster learning, especial-
ly of clinical reasoning?  

In Chapter 2 we explore what students perceive as the ideal features of Virtual Patient 
design to foster their learning with a special focus on clinical reasoning. After exposure 
to at least eight Virtual Patients varying in design, students discussed Virtual Patient 
design in focus groups. According to the students, learning is facilitated when Virtual 
Patients are relevant, of appropriate difficulty, interactive, provide specific feedback, 
make appropriate use of different media, help them focus on relevant learning points, 
foster recapitulation of key learning points, are authentic in terms of the web-based 
interface and student tasks and ask questions and offer explanations that enhance clini-
cal reasoning. After working through well-designed Virtual Patients, students felt very 
well prepared for reasoning in real patients, better prepared than with any other exist-
ing method they experienced before. We conclude that students perceived the design 
principles identified as being conducive to their learning and that many of these princi-
ples are supported by the results of published studies outside of VP research and that 
further studies are needed. 
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In Chapter 3 we describe the development of a Virtual Patient typology based on the 
literature, a review of existing VP systems and an international consensus process 
among Virtual Patient experts using a modified Delphi technique. In this empirically 
derived Virtual Patient design typology, we synthesised 19 factors around 4 categories 
deemed relevant to Virtual Patient design: general (title, description, language, identifi-
er, provenance, typical study time); educational (educational level, educational modes, 
coverage, objectives); instructional design (path type, user modality, media use, narra-
tive use, interactivity use, feedback use); technical (originating system, format, integra-
tion and dependence). We conclude that this empirically derived Virtual Patient design 
typology provides a common reference point for all those wishing to report on or study 
Virtual Patients. 
 
In Chapter 4 we report on the design and validation of a Virtual Patient design evalua-
tion instrument taking the published evidence including the lessons learned from Chap-
ters 2 and 3 on Virtual Patient design to foster learning of clinical reasoning into ac-
count. The established short instrument consists of six questions distributed between 
three factors (authenticity of patient encounter and the consultation, cognitive strate-
gies in the consultation, coaching during consultation) and one global score. Content 
analysis was reasonably supported by the theoretical foundation and the Virtual Patient 
expert team. The think-aloud studies and analysis of free text comments supported the 
validity of the instrument. In the exploratory factor analysis, using 2547 student evalua-
tions from three different countries of a total of 78 Virtual Patients, a three-factor mod-
el showed a reasonable fit with the data. At least 200 student responses are needed to 
obtain a reliable evaluation of a Virtual Patient on all three factors. We conclude that 
the instrument has the potential to provide valid information about Virtual Patient de-
sign, provided that many responses per Virtual Patient are available. 
 
In Chapter 5 we search for evidence to guide the implementation of Virtual Patients. We 
explore students’ perceptions of different scenarios aimed at developing clinical reason-
ing skills in which Virtual Patients were integrated with other educational activities. The 
analysis of eight focus group interviews suggested six themes which students consid-
ered important for the optimal implementation of VPs: (i) continuous and stable online 
access, (ii) increasing complexity, adapted to students’ knowledge, (iii) VP-related work-
load offset by elimination of other activities, (iv) optimal sequencing (e.g.: lecture – 1 to 
2 VP(s) – tutor-led small group discussion – real patient), (V) optimal alignment of Virtu-
al Patients and educational activities, and (vi) inclusion of VP topics in assessment. We 
conclude that the themes appear to offer starting points for the development of a 
framework to guide the curricular integration of Virtual Patients but that their impact 
needs to be confirmed by further studies. 
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In Chapter 6 we explore the educational impact of two different types of assessment 
questions on the learning of clinical reasoning with Virtual Patients. After exposure to a 
clinical clerkship and its exam students discussed in focus groups the perception and 
impact of Key-Feature Problems with Long Menu and context-rich Single Best Answer 
questions. Further, the psychometric characteristics of both formats were compared. 
The analysis of the focus groups resulted in four themes: Key-Feature Problems with 
Long Menu were perceived as (i) more realistic, (ii) more difficult and (iii) more motivat-
ing for the intense study of clinical reasoning with Virtual Patients than the context-rich 
Single Best Answer format and (iv) showed an overall good acceptance when some 
preconditions were taken into account. The statistical analysis revealed that there was 
no difference in difficulty; however, Key-Feature Problems with Long Menu showed a 
higher reliability (G coefficient) even when corrected for testing time. The correlations 
with the OSCE results were higher in the Key-Feature Problems. We conclude that stu-
dents perceived the Key-Feature Problems as more motivating for the study of clinical 
reasoning with Virtual Patients. Including Key-Feature Problems with Long Menu into 
summative clerkship exams seems to offer positive educational effects without psy-
chometric drawbacks. 
 
Chapter 7 discusses how the previous chapters have answered the two main research 
questions and which conclusions and implications this yields for educational practice 
and further research.  
 Based on Chapters 2-4 the following three main aspects seem to be especially rele-
vant for optimising VP design to foster learning of clinical reasoning: (i) Using instruc-
tional design criteria such as ensuring an appropriate level of difficulty, authenticity, 
interactivity, feedback and focusing on relevant learning points, (ii) implementing virtual 
coaching on clinical reasoning into the VP such as asking for discriminating and confirm-
ing features and (iii) providing validated instruments for systematic further improve-
ments such as the developed VP typology and VP design questionnaire. Based on the 
Chapters 5-6 the following three main aspects are especially relevant for VP implemen-
tation: (iv) Sequencing VPs and other educational activities including bedside teaching 
with real patients according to complexity, and (v) aligning instruction and (vi) assess-
ment with the use of VPs.  
 Our results are in line with current theories and insights outside of VP research e.g. 
on instructional design, on how to foster learning of clinical reasoning and on instruc-
tional design theories regarding curriculum development.  
 The main implications of our research for educational practice are that when using 
Virtual Patients they should be well designed, systematically improved by using validat-
ed instruments and well implemented as evidenced in this dissertation to optimally 
foster clinical reasoning. 
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 Research is needed to develop a greater understanding of Virtual Patient design and 
implementation multicentre and in other contexts, including their longitudinal imple-
mentation and measuring their impact on patient outcomes. 
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Samenvatting (summary in Dutch) 
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Hoofdstuk 1 vormt het inleidend hoofdstuk van dit proefschrift, waarin we de weten-
schappelijke achtergrond, uitgangspunten, doel en overkoepelende onderzoeksvragen 
beschrijven. 
 Door klinisch te redeneren zijn artsen in staat de juiste diagnose te stellen en over te 
gaan tot het juiste behandelplan voor een patiënt. Klinisch redeneren wordt doorgaans 
beschouwd als een bepalend onderdeel van bijna al het handelen van artsen in de prak-
tijk. De vaardigheid van een arts om klinisch te kunnen redeneren is als zodanig van 
groot belang en betekenis voor het herstel en de veiligheid van patiënten. Er zijn echter 
tekenen die erop wijzen dat het klinisch redeneren vandaag de dag niet goed wordt 
onderwezen. De literatuur laat zien dat met name zogenaamde Virtuele Patiënten 
(VP’s) geschikt zijn om het leren van klinisch redeneren te bevorderen. Virtuele patiën-
ten zijn online gepresenteerde casussen waarbij de student zich plaatst in de schoenen 
van de arts en zelf de beslissingen neemt, waarop hij/zij feedback ontvangt. Zij worden 
gedefinieerd als “interactieve computersimulatie[s] van echte klinische scenario’s ten 
behoeve van de Geneeskundeopleiding, het medische onderwijs of toetsing”. Twee 
aspecten bleken van groot belang bij het leren met behulp van elektronische leermidde-
len zoals VP’s, namelijk: hun ontwerp en uitvoering. 
 Toen we aan dit onderzoek begonnen, was er maar weinig literatuur beschikbaar 
over het ontwerpen en uitvoeren van Virtuele Patiënten ter bevordering van het kli-
nisch redeneren. Ons onderzoeksproject, waarmee we bewijs wilden vinden voor de 
verbetering van het leren met behulp van Virtuele Patiënten ter bevordering van het 
klinisch redeneren door Geneeskundestudenten, werd daarom ingeluid met de volgen-
de twee onderzoeksvragen: 

I: Hoe kunnen we het ontwerp van Virtuele Patiënten ter bevordering van het leren 
van met name klinisch redeneren verbeteren? 

II: Hoe kunnen we de uitvoering van Virtuele Patiënten ter bevordering van het leren 
van met name klinisch redeneren verbeteren? 

In Hoofdstuk 2 gaan we na met welke aspecten er volgens studenten bij voorkeur reke-
ning gehouden moet worden bij het ontwerpen van Virtuele Patiënten ter bevordering 
van hun leren, met bijzondere aandacht voor het klinisch redeneren. Nadat studenten 
ten minste acht in opzet variërende Virtuele Patiënten te zien hadden gekregen, be-
spraken zij in focusgroepen het ontwerp van Virtuele Patiënten. De studenten waren 
van mening dat het leren wordt bevorderd wanneer Virtuele Patiënten relevant, vol-
doende complex en interactief zijn, specifieke feedback geven, op de juiste manier van 
verschillende media gebruik maken, hen helpen focussen op relevante leerpunten, op 
samenvatting van de voornaamste leerpunten aansturen, echt zijn wat betreft de online 
interface en studenttaken en ten slotte vragen stellen en uitleg geven die het klinisch 
redeneren bevorderen. Nadat studenten met goed ontworpen Virtuele Patiënten had-
den gewerkt, voelden zij zich terdege klaargestoomd om het klinisch redeneren op 
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echte patiënten toe te passen, beter dan zij met enig ander bestaande methode eerder 
hadden ervaren. Wij concluderen dat studenten vonden dat de beschreven basisregels 
voor het ontwerp hun leren bevorderden en dat vele van deze basisregels ook naar 
voren komen in resultaten van niet op VP’s gerichte gepubliceerde studies en dat ver-
der onderzoek nodig is. 
 
In Hoofdstuk 3 beschrijven we hoe wij op basis van de literatuur en een analyse van 
bestaande VP-systemen, en met behulp van een aangepaste Delphi-methode waarbij 
deskundigen op het gebied van Virtuele Patiënten tot een internationale consensus 
kwamen, een typologie van een Virtuele Patiënt ontwikkelden. Bij deze op empirische 
wijze verkregen typologie van het ontwerp van Virtuele Patiënten hingen we 19 facto-
ren aan vier categorieën die relevant geacht werden voor het ontwerp van Virtuele 
Patiënten: algemeen (titel, beschrijving, taal, onderscheidende kenmerken, oorsprong, 
gemiddelde studietijd); onderwijskundig (onderwijsniveau, onderwijsmethodes, toepas-
singsgebied, doeleinden); onderwijsontwerp (type traject, gebruikersmodaliteit, gebruik 
van media, tekst en feedback, en mate van interactiviteit); technisch (moedersysteem, 
vormgeving, inbedding en afhankelijkheid). We concluderen dat deze op empirische 
wijze verkregen typologie van het ontwerp van Virtuele Patiënten als gemeenschappe-
lijk referentiepunt kan dienen voor eenieder die over Virtuele Patiënten wenst te do-
cumenteren of deze wenst te onderzoeken. 
 
In Hoofdstuk 4 beschrijven we hoe we, met inachtneming van gepubliceerd bewijsmate-
riaal waaronder de lessen uit hoofdstuk 2 en 3 m.b.t. het ontwerp van Virtuele Patiën-
ten ter bevordering van het leren van klinisch redeneren, een instrument waarmee het 
ontwerp van Virtuele Patiënten beoordeeld kan worden ontwikkelden en valideerden. 
Het korte instrument dat we verkregen bestaat uit zes vragen verdeeld over drie sub-
schalen (echtheid van het patiëntcontact en consult, cognitieve strategieën tijdens het 
consult en begeleiding tijdens het consult) en een totaalscore. De inhoudsanalyse werd 
redelijk ondersteund door de theoretische onderbouwing en het team van deskundigen 
op het gebied van Virtuele Patiënten. De validiteit van het instrument werd onder-
schraagd door de hardop-denkstudies en analyse van het in het vrije tekstveld ingevulde 
commentaar. Uit de exploratieve factoranalyse waarbij 2547 studenten uit drie verschil-
lende landen in totaal 78 Virtuele Patiënten beoordeelden kwam naar voren dat een 
driefactorenmodel redelijk paste bij de data. 
 Er zijn ten minste 200 studentbeoordelingen nodig om tot een betrouwbare evalua-
tie van een Virtuele Patiënt te komen; dit geldt voor alle drie de factoren. We kunnen 
stellen dat met het instrument valide informatie verkregen kan worden over het ont-
werp van Virtuele Patiënten, mits er per Virtuele Patiënt veel beoordelingen beschik-
baar zijn. 
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In Hoofdstuk 5 gaan we op zoek naar bewijsmateriaal dat als leidraad kan dienen voor 
de uitvoering van Virtuele Patiënten. Hiertoe peilen we studentwaarderingen van ver-
schillende op de ontwikkeling van klinisch-redeneervaardigheden gerichte scenario’s 
waarbij Virtuele Patiënten werden geïntegreerd met andere onderwijsactiviteiten. Bij 
de analyse van acht focusgroepinterviews kwamen zes thema’s bovendrijven die stu-
denten van belang achtten voor een optimale uitvoering van VP’s: (i) een ononderbro-
ken en stabiele online toegang, (ii) een oplopende moeilijkheidsgraad, toegesneden op 
de kennis van de studenten, (iii) schrappen van andere activiteiten ter compensatie van 
VP-gerelateerde werkbelasting, (iv) een optimale volgorde (bijv. lezing – 1 tot 2 VP[‘s] – 
discussie in kleine tutorgroepen – echte patiënt), (v) een zo goed mogelijke afstemming 
tussen Virtuele Patiënten en onderwijsactiviteiten, en (vi) het opnemen van VP-
onderwerpen bij toetsing. We concluderen dat de thema’s uitgangspunten lijken te 
bieden voor de ontwikkeling van een kader dat de inbedding van Virtuele Patiënten in 
het curriculum kan sturen, maar dat de gevolgen ervan nog door nadere studies beves-
tigd dienen te worden. 
 
In Hoofdstuk 6 onderzoeken we het leereffect van twee verschillende soorten toetsvra-
gen op het leren klinisch redeneren met Virtuele Patiënten. Na het doen van een co-
schap en bijbehorende toets bespraken studenten in focusgroepen hun ervaringen met 
en effecten van casusscenario’s met de nadruk op essentiële beslissingen (KFP’s) en 
uitgebreid keuzemenu (LM) enerzijds (Key-Feature Problems (KFP’s) with Long Menu 
(LM) en contextrijke meerkeuzevragen waarbij slechts één antwoord de beste was (Sin-
gle Best Answer questions) anderzijds. Verder werden de psychometrische kenmerken 
van beide toetsvormen met elkaar vergeleken. De analyse van de focusgroepen leidde 
tot vier thema’s: casusscenario’s met een key-feature approach werden beschouwd als 
(i) realistischer, (ii) moeilijker en als (iii) een grotere stimulans voor het intensief leren 
van klinisch redeneren met behulp van Virtuele Patiënten dan de contextrijke Single 
Best Answer meerkeuzevragen, en zij (iv) werden onder bepaalde voorwaarden over het 
algemeen goed geaccepteerd. De statistische analyse liet geen verschillen zien in moei-
lijkheidsgraad. Daar stond echter tegenover dat KFP’s met LM een betere betrouwbaar-
heid (betrouwbaarheidscoëfficiënt) vertoonden, zelfs nadat gecorrigeerd was voor 
toetstijd. De resultaten van het stationsexamen (ook wel bekend als Objective 
Structured Clinical Examinations (OSCE’s)) correleerden sterker met de KFP’s. Onze 
conclusie is dat studenten KFP’s als een grotere stimulans voor het leren van klinisch 
redeneren met Virtuele Patiënten beschouwden. Het opnemen van casusscenario’s met 
de nadruk op essentiële beslissingen en uitgebreid keuzemenu in summatieve co-
schapexamens lijkt te leiden tot positieve leereffecten zonder psychometrische beper-
kingen. 
 
In Hoofdstuk 7 wordt besproken hoe de voorgaande hoofdstukken een antwoord gaven 
op de twee onderzoeksvragen die in dit proefschrift centraal stonden, welke conclusies 
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we hieruit kunnen trekken en welke gevolgen dit heeft voor de onderwijspraktijk en 
verder onderzoek. 
 Op basis van hoofdstuk 2 t/m 4 lijken met name de volgende drie aspecten van be-
lang te zijn bij het optimaliseren van het VP-ontwerp ter bevordering van het leren van 
klinisch redeneren: (i) toepassing van onderwijsontwerpcriteria, zoals zorgen voor de 
juiste moeilijkheidsgraad, mate van echtheid, interactiviteit, feedback en een focus op 
relevante leerpunten, (ii) zodanige programmering van de VP dat deze virtuele begelei-
ding biedt bij het klinisch redeneren, zoals vragen naar onderscheidende en bevesti-
gende kenmerken, en (iii) ontwikkeling van gevalideerde instrumenten om het ontwerp 
stelselmatig te kunnen blijven verbeteren, zoals de ontwikkelde VP-typologie en de VP-
ontwerpvragenlijst. Op basis van hoofdstuk 5 en 6 kunnen we stellen dat met name de 
volgende drie aspecten van belang zijn bij de uitvoering van VP’s: (iv) geleidelijke opvoe-
ring van de moeilijkheidsgraad door studenten in de juiste volgorde bloot te stellen aan 
VP’s en andere onderwijsactiviteiten waaronder praktijkonderwijs met echte patiënten 
(het zgn. bedside teaching), en (v) afstemming van het onderwijs en (vi) toetsing op het 
gebruik van VP’s. 
 Onze resultaten sluiten aan bij actuele theorieën en inzichten van buiten het VP-
onderzoeksgebied, bijv. vanuit de onderwijsontwerphoek, van onderzoek naar hoe het 
leren klinisch redeneren bevorderd kan worden en naar onderwijsontwerptheorieën 
ten behoeve van curriculumontwikkeling. De belangrijkste gevolgen van ons onderzoek 
voor de onderwijspraktijk zijn dat wanneer men Virtuele Patiënten wil inzetten, men 
deze goed moet ontwerpen, stelselmatig moet verbeteren met behulp van gevalideerde 
instrumenten en moet zorgdragen voor een goede invoering zoals beschreven in dit 
proefschrift om het klinisch redeneren zo goed mogelijk te bevorderen. Er is onderzoek 
nodig om ons inzicht in het ontwerp van Virtuele Patiënten te verruimen, alsook invoe-
ring in verschillende instanties en in andere contexten, onder andere over een langere 
tijd genomen, zodat de uitwerking ervan op de patiëntenzorg gemeten kan worden. 
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SOCIAL RELEVANCE  

The research reported in this dissertation is not only about medical education but also 
about patient care and patient safety issues. Medical education and health care delivery 
are directly interconnected in the projects described. As outlined in the introduction, 
clinical reasoning is a central component of nearly everything doctors do in practice. 
Clinical reasoning enables doctors to establish the right diagnosis and make the right 
treatment decisions for a patient. Therefore, the research in this dissertation, which 
deals with facilitating learning of clinical reasoning, is of societal relevance.  
 As three of the five studies (Chapters 2, 5, 6) were conducted within a real setting 
with medical students seeing real patients, there is already a direct impact of the pro-
jects and research on society. 

ECONOMIC RELEVANCE 

Diagnostic failures do not only have a big societal impact on patients, they also have 
economic implications. If medical students and doctors have better clinical reasoning 
skills, e.g., when learning is additionally facilitated by VPs, this can have a bearing on 
economic measures; however, we did not measure this in the present dissertation. 
 Clinical supervisors’ time can be used more efficiently if students have practised 
with VPs before seeing real patients. It is very much worth the effort developing VPs if 
many students will use them, as they allow supervisors to focus on the provision of 
feedback on more difficult aspects and help students apply their skills to the individual 
real patient, rather than introducing the basics. 
 Developing well-designed VPs is a laborious task, and it should therefore be consid-
ered to develop them in collaboration with multiple centres as outlined in the ‘implica-
tions for future research’ section of this chapter. In such cases, less money and effort 
may be needed to provide well-designed VPs. This issue has been addressed in success-
ful projects where also the main author of this dissertation was involved (eVIP: 
http://virtualpatients.eu/). 

TARGET GROUPS 

The main rationale for this research was the need to improve clinical reasoning educa-
tion of medical students by means of Virtual Patients. The target groups of this inter-
vention included medical students (as the end users) and other stakeholders such as 
medical educators, medical teachers, supervisors and curriculum planners. 
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 Supervision and feedback are central aspects in almost every educational pro-
gramme. Therefore, the lessons learned from this dissertation could also be helpful in 
other settings. 

INNOVATION 

This dissertation is innovative in that it presents new ways to design, implement, report 
on and evaluate Virtual Patients. While there are others working on the design and 
implementation of VPs, the publication of the described results in respected journals in 
the field also shows that these results are seen as innovative.  

SCHEDULE AND IMPLEMENTATION 

As mentioned in Chapters two, five and six, VPs are already being used extensively in 
Heidelberg Medical School. In collaboration projects they have also been used in other 
places and there are plans to extend their use (after repurposing) to other German, 
Swiss and international faculties, as well as to other levels such as postgraduate educa-
tion. Usually, external users must pay a support fee to use the software. The cases 
themselves are usually not sold per se but rather exchanged in collaboration projects. 
For the last several years, I have been discussing the potential of VPs at academic con-
ferences and asking other researchers for their reactions to them. This has been of 
immense help and led to invitations to join other collaborations on VPs. 

ACTIVITIES/PRODUCTS 

The primary products of this dissertation are the published papers it comprises. The 
described typology (Chapter 3) and questionnaire (Chapter 4) can be and have already 
been used by other researchers and VP developers. The VPs are presently used in Hei-
delberg and other universities. The following pages will give an overview of activities 
concerning VPs, such as publications, invited presentations and workshops, which are 
not part of this PhD dissertation itself. 

Published articles concerning VPs besides the ones for this PhD 

Berman NB, Durning SJ, Fischer MR, Huwendiek S, Triola MM (2016): The Role for Virtu-
al Patients in the Future of Medical Education. Acad Med. 2016 Mar 8. [Epub ahead 
of print] 
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