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“ Tell me and I forget. 
Teach me and I remember. 

Involve me and I learn “ 
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ABSTRACT 
Virtual simulations of patient encounters have been an increasingly important 
complement in the development of healthcare competence. Virtual patients (VPs) are 
interactive computer programmes that simulate real-life clinical scenarios, provide an 
effective way for healthcare professionals and students to not only learn about a wide 
range of clinical topics, but also to practice in a virtual and therefore safe environment. 
 
The purpose of this thesis is to systematically design and develop a virtual patient 
system (Web-SP), evaluate its usability, acceptance and applicability in health-
sciences’ education. Then as a subsequent step, use the newly-developed Web-SP 
system as a research tool to produce evidence for best practices regarding the authoring 
and implementation of VPs in health-sciences’ curricula and their use for learning and 
assessment. 
 
Four studies were undertaken. Study I focused on the design and development of the 
Web-SP system with the aim to enable the authoring of VPs by faculty. Study II aimed 
at evaluating the usability, acceptance and applicability of Web-SP when integrated in 
medicine, dentistry and pharmacy courses. Study III explored the importance of the 
feedback module and its influence on the utilization of virtual patients by students. 
Study IV was a randomized controlled trial (RCT) that investigated the impact of the 
clinical vignette component using history taking reasoning and therapeutic decisions as 
outcome measures. 
 
The evaluation of the usability and the acceptance of the Web-SP system, as well as the 
built-in authoring environment, were positive. The students found the VPs created by 
the teachers to be engaging, realistic, fun to use, instructive and relevant to their 
courses. The applicability of Web-SP was demonstrated when integrated in three 
different healthcare science courses and applied in pre-clinical and clinical settings. 
 
The results of the experimental studies showed that the students clearly favoured VPs 
with feedback compared to VPs without feedback. Furthermore, the availability of 
feedback fostered a deeper mode of engagement with the VPs. Furthermore, an RCT 
showed that variations in the amount of clinical data presented in the introductory 
clinical vignette component did not have an impact on the history-taking reasoning, nor 
the therapeutic decisions, an important finding when VPs are used to assess the 
students’ performances. 
 
The increasing adoption and implementation of Web-SP at several universities opens 
up opportunities for joint efforts in planning and conducting interventions to produce 
conclusive evidence, and also enables scientific procedures such as multi-centre RCT 
and systematic reviews. 
 
Key words: virtual patients, computer simulation, patient simulation, computer-based 
learning, computer-assisted instruction, computer-managed instruction, problem 
solving, clinical reasoning, clinical knowledge, computer assisted cases, interactive 
case-based learning. 
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KI Karolinska Institutet 
PBL Problem-based Learning 
RDMS Relational Database Management System 
RCT Randomized Controlled Trial 
SP Standardized patient 
SU Stanford University 
TAM The Technology Acceptance Model 
UU Uppsala University 
VP Virtual Patient 
VP-Lab Virtual Patient Lab 
VPS Virtual Patient System 
Web-SP Web-based Simulation of Patients 
 
Definitions 
 
Model A model is a high level specification to abstract from reality a 

description of a dynamic system 
 

Simulation Simulation is a technique – not a technology – to replace or 
amplify real patient experiences with guided experiences, 
artificially contrived, that evoke or replicate substantial aspects of 
the real world in a fully interactive manner (Gaba 2004) 
 

Simulator One that simulates, especially an apparatus that generates test 
conditions approximating actual or operational conditions 
 

Standardized 
patient 

Individuals who are trained to present the symptoms and signs of 
disease processes as they present in real patients (Barrows 1985) 
 

System A system is defined as a group of objects that are joined together 
in some regular interaction or interdependence toward the 
accomplishment of some purpose 
 

Usability A term used to denote the ease with which people can employ a 
particular tool or other human-made object in order to achieve a 
particular goal 
 

Virtual patient An interactive computer simulation of real-life clinical scenarios 
for the purpose of healthcare and medical training, education or 
assessment (Ellaway et al. 2006) 
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1 INTRODUCTION 
 
A central theme in the education of dentists and physicians - and for the education of 
healthcare professionals in general - is to enable the students to identify and solve 
clinical problems. An important element in the education has thus been mostly patient- 
centred education blended with traditional lectures and small-group tutorials.  
 
The clinical training of students contains a number of problems, including that students 
rarely encounter a patient during the whole process, from admission, through the 
diagnostic process and finally the management. The issues of safety and the patients’ 
integrity limits the amount of care a student can provide. Finally, the ongoing change of 
treating more and more patients outside hospitals diminishes the number of educational 
cases in university hospitals. 
 

“…when a man industriously and expressly feigns and pretends to be,  
that he is not…(Bacon 2007).” 
Francis Bacon (1561-1626).  

 
Historically, the word ‘simulation’ had negative connotations but nowadays, in 
healthcare, it is considered as “a technique to replace or amplify real patient 
experiences with guided experiences, artificially contrived, that evoke or replicate 
substantial aspects of the real world in a fully interactive manner” (Gaba 2004). 
The advances in technology, changes in the healthcare environment and the increased 
focus on clinical skills and reasoning, have promoted the use of simulation models, as a 
method for teaching, learning and assessment in health sciences. 
 
The main simulation models used are: 
 

• Paper-based cases (Helfer & Slater 1971); 
• Standardized patients (Donovan, Hutchison & Kelly 2003; Kneebone et al. 

2006; Rosenbaum & Ferguson 2006; Wind et al. 2004); 
• Manikins (Gaba 2004; Issenberg et al. 2005; Morgan et al. 2007; Overly, 

Sudikoff & Shapiro 2007; Wallin et al. 2007); 
• Models (Dawson et al. 2007; Feingold, Calaluce & Kallen 2004; Kinney, 

Keskula & Perry 1997; Via et al. 2004); and 
• Computer-based simulations. 

 
This thesis will focus on computer-based simulations. The other models are well 
described elsewhere (Friedman 1995; Friedman, France & Drossman 1991; Schuwirth 
& van der Vleuten 2003). 
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1.1 THE WEB-SP PROJECT 

Since 1990 the R&D group in e-learning and simulation (VP-Lab) at Karolinska 
Institutet (KI) has developed and implemented several computer-based simulation 
systems in the education at KI and at other universities. The most complex of these 
systems is the ISP system (Bergin & Fors 2003), which has been one of the groups of 
research and development projects between 1990 and 2002. In the ISP project, cases 
were developed and tested in the fields of infectious diseases and internal medicine.  
 
Problems that existed with most computer-based simulation systems at that time were 
identified: 
  

• They were expensive to develop; 
• They were aimed at a specific discipline and/or disease area;  
• Experienced multimedia developers were needed for the authoring of the cases; 
• The implementation of the cases in courses was limited 

 
The initial goal of the Web-based Simulated Patients project (Web-SP) was to propose 
a solution to the issues identified and still keep components that made previous systems 
successful, such as the interactivity and the realism in case simulations (Web-SP 2007). 
 
1.2 OUTLINE OF THE THESIS 

The purpose of this thesis is to systematically design and develop a virtual patient 
system (Web-SP), evaluate its usability, acceptance and applicability in health sciences’ 
education. Then as a subsequent step, use the newly-developed Web-SP system as a 
research tool to produce evidence for best practices regarding the authoring and 
implementation of virtual patients (VPs) in health sciences’ curricula and their use for 
learning and assessment. 
 
The thesis is organized as follows: 
 
The aim of Chapter 2 is to introduce the readers to the field of VPs and to present the 
evaluation frameworks and incentive that was the basis for the studies included in this 
thesis. 
 
Chapter 3 states the overall aims of this thesis, followed by Chapter 4 that outlines the 
materials and methods used to carry out my research. 
 
Chapter 5 divides the results generated from the studies into themes. The central themes 
are the design and development of the Web-SP system, an evaluation of its usability, 
acceptance and applicability of the Web-SP, the study that looked at its utilization and 
the feedback, and finally the last study that investigated a variable that could impact the 
students’ assessment scores. 
 
Chapter 6 is a discussion of the results, divided into what are important areas of 
investigation; the system level covering issues related to the design and development, 
the authoring of the cases with teachers as the main stakeholders, the interaction with 
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the VP where students are the focus of attention, and finally the variables that were 
studied in an experimental setting. 
 
Chapter 7 contains the main conclusions derived from the four studies presented in this 
thesis, where the need to carefully investigate possible dependencies between modules 
and/or components that could impact on the authoring of VPs and the scoring strategies 
adopted to evaluate the students. 
 
I list in Chapter 8 a few issues that are important to investigate in the near future, such 
as to further develop the system based on evidence, rather than empirical assumptions. 
 
In Chapter 9 I acknowledge all the persons that have given me support and 
encouragement over the last four years. A Swedish translation of the abstract is 
presented in Chapter 10. 
 
And finally, Chapter 11 contains the references used in this thesis. 
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2 BACKGROUND 
 
2.1 VIRTUAL PATIENTS 

 
2.1.1 Definition 

There are several possible definitions and understandings of a Virtual patient A virtual 
patient could be: 
 

• A medical record of a real patient (Thielst 2007; van Bemmel 1999) 
• A computer simulation of  biological models that mimic the various healthy and 

diseased states (Bassingthwaighte 2000; Muzikant & Penland 2002). 
• An educational instrument 

o Standardized patient (human actor) 
o Simulator (manikins, models, software-based) 
o Computer simulation of patient 

 
The accurate definition for the virtual patients studied in this thesis is: 
‘An interactive computer simulation of real-life clinical scenarios for the purpose of 
healthcare and medical training, education or assessment’ (Ellaway et al. 2006) 
 
The expression ‘virtual patient” has become predominant in the literature, although 
older terms may be still in use, for example computer simulated cases, computer-based 
simulated patient, computer based simulations and computer-based clinical case. 
 
2.1.2 Educational use of virtual patients 

 
2.1.2.1 Learning & Teaching 

Virtual patient systems are not new. Two of the first described was the CASE and the 
TIME systems of Harless et al. first developed around the 1970’s (Harless et al. 1971). 
What is new though, is the more modern approach to the technology used for the VPs. 
 
Virtual patients have advantages of being able to provide the students with a 
standardised experience, and access to the most common diseases without regard to 
patient availability.  
The main advantages of the virtual patients are that they allow for repetitive and 
deliberate practice of “clinical” skills by any learner (e.g. nurse, physician, dentist 
students) without regard to time of day, physical location, or position in the health 
science curriculum. VP provides practice in a safe environment with no risk to patient 
or student. Mistakes are allowed. Another benefit of the simulated environment is the 
ability to allow a standardised experience, and access to the most common diseases 
without regard to patient availability. Some conditions are so rare that it would take a 
lifetime to gain experience, while others that are common, are handled by the primary 
care and do not turn up at university hospitals. 
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2.1.2.2 Assessment 

A general schema has been proposed to assess the competence of physicians and other 
healthcare practitioners (Issenberg, McGaghie & Waugh 1999; Newble 2004): Miller’s 
triangle (Miller 1990); the Cambridge Model (Rethans et al. 2002); and Sheffield 
Assessment Instrument for Letters (SAIL) (Crossley et al. 2001). 
 
In 1990 psychologist George Miller proposed a framework (Figure 1) for assessing 
clinical competence. At the lowest level of the pyramid is knowledge (knows), 
followed by competence (knows how), performance (shows how), and action (does). 
 
 

                                       Figure 1: Miller’s triangle of clinical competence 
 
Virtual patients are mostly aimed at measuring the ‘knows how’ layer, observation-
based techniques such as standardized patient-based examinations and objective 
structured clinical examinations target the ‘shows how’ layer and performance practice 
measures assess performance at the ‘does’ layer (Schuwirth & van der Vleuten 2003). 
 
A review of the literature shows a broad range of scoring methodologies and strategies. 
The studies focused on the reliability and validity of the scoring (Clyman & Orr 1990; 
Jerant & Azari 2004; Margolis, Clauser & Harik 2004) and the development of 
weighted score-based models (De Champlain et al. 2001; Swygert et al. 2003). 
Trials with neural networks (Casillas et al. 2000; Stevens & Najafi 1993) and more 
innovative algorithms have also been reported (Downs et al. 1999; Solomon et al. 
1992). 
 
More manageable scoring models have also been proposed, such as a 
beneficial/neutral/not indicated scoring (Scheuneman, Clyman & Van Fan 2000) and 
the script concordance test that is easy to use and that could be automatically scored 
(Charlin et al. 2000). 
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2.1.3 Virtual patient systems 
2.1.3.1 Flow 

The flow defines how the user moves through a virtual patient. A summary of the 
possible flows is presented in Table 1. The choice of flow may be of importance for the 
type of skills that is trained (Bearman, Cesnik & Liddell 2001). 
 

Linear Branching 
Stepwise Interactive Hybrid  
Single predetermined 
pathway 

Single open-ended 
pathway 

Single pathway with 
triggers 

Several pathways 

Table 1: Summary of the VP flow types 
 
In the linear stepwise flow, the user follows a single logical sequence prior to making 
diagnostic and therapeutic decisions. The user has to take a patient history before being 
able to access the physical examination section. Usually it’s possible to move 
backwards to sections already completed (Harvard 2007; NYU 2007; Pittsburgh 2007). 
This alternative is similar to paper-based cases when used in progressive disclosure 
PBL. 
 
In the linear interactive flow, the user is given the option to choose from a list of 
options (patient history, physical examination, lab tests) and move freely between the 
sections, although some sections may require a precondition. A common example is 
that a diagnosis is compulsory before a therapy can be proposed (Gerike et al. 1999; 
Ruderich et al. 2004; USMLE 2007; Web-SP 2007). 
 
The hybrid flow is a combination of the interactive and stepwise flows, where actions 
are triggered during the virtual patient encounter, to create a dynamic decision making 
process and make the user reflect over each action taken. An example of a trigger is the 
requirement to enter, and then refine, a diagnosis after completing a section (DxR 
2007). 
 
The branching flow is based on a tree of possible pathways, where the user has to select 
the best available option at each stage of the VP (Edinburgh 2007). 
 
2.1.3.2 Categories 

VP can be put into two broad categories: problem-solving or narrative (Bearman & 
Cesnik 2001; Bearman, Cesnik & Liddell 2001). These categories represent the most 
frequent design choices used when developing VP systems. The problem-solving 
approach is aimed for learning and training clinical reasoning or diagnosis. Problem-
based learning, or exploratory learning, often underpins this design. In such a system, 
the student gathers information, usually from menus of possible history questions, lab 
tests, and physical examinations, and subsequently diagnoses and/or manages the 
patient. The information is not "cued", that is, there is no direction from the program 
format as to what the student's next course of action should be. Templates are easily 
created with this type of design, which might reduce the costs of multiple simulations 
(Bryce et al. 1998; Hayes & Lehmann 1996; Zary & Fors 2003). 
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The narrative approach is often found in VP systems that are concerned with cause and 
effect and that have a time element/personal story line (Henderson 1998). Using this 
approach, learning and training medical problem solving and clinical reasoning might 
be harder to accomplish in a problem based setting. 
 
2.1.3.3 Authoring of VPs 

The usage of VPs has been limited due to difficulties linked with authoring. Most 
virtual patients are created using a form-based authoring environment, that is either a 
representation of the database structure or wizard-based using a step-by-step approach 
to collect virtual patient data. Felciano et al. presented an innovative authoring tool that 
featured rapid and customized VP authoring by editing a structured text file (Felciano 
& Dev 1994). Authoring tools became more user-friendly to allow teachers to design 
and create the majority of the program themselves (McGee et al. 1998; Zary & Fors 
2003) and new tools were developed to author VP using a branched flow type (VUE 
2007). 
 
 
2.2 EVALUATION 
2.2.1 Framework 

The approach adopted in this thesis was to contemplate a wide range of evaluation 
designs and explore increasingly complex questions when evaluating the Web-SP 
system.  
 
We based our evaluation of the Web-SP system on the framework developed by 
Youngblood (Youngblood & Dev 2005) to evaluate it.  
The seven points’ framework is composed of:  
 

1. Beta-testing 
2. Usability testing 
3. Content review 
4. Assessment of learning outcomes 
5. Validity testing (assessment) 
6. Integration into the curriculum 
7. Impact of learning on the clinical practice. 

 
We also followed the suggestions from Friedman (Friedman 1994) to evaluate different 
approaches to the design of computer-based instruction, rather than comparing 
computer-based interventions with other media. These recommendations were later 
reinforced by Schleyer for the dentistry discipline (Schleyer & Johnson 2003) and 
Cook for the medical discipline (Cook 2005). 
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2.2.2 Usability and acceptability 

 
Usability 
“It’s usable” or “it’s user friendly” are phrases that are often used to define the term 
usability. Tara Smith (Rubin 1994) proposed five technical distinctions between uses of 
the word ‘usability’ to help in the identification and specification of systems in terms of 
their non-functional requirements. 
 
 

• Usability 1 = Utility - the tool studied can be used to complete the desired task, 
e.g. I can use the authoring environment. 

 
• Usability 2 = Goal/task support - the tool studied is designed to help you 

complete your task, e.g. I can create VPs using the authoring tool. 
 

• Usability 3 = Accommodation – the thing is designed to accommodate different 
user populations, e.g. the authoring tool can be used by different stakeholders. 

 
• Usability 4 = Adoption – the thing exhibits significantly more usability than its 

competitor designs – and therefore will be adopted by users 
 

• Usability 5 = Extensibility/adaptability – the thing has features that allow it to 
be adapted or extended to suit a new (unpredicted) task or goal. 

 
System acceptability 
A framework of system acceptability was proposed by Nielsen (Nielsen 1993) and 
Schneiderman (Shneiderman 1980), where usability is a part of ‘usefulness’ and is 
composed of: 
 

• Learnability - how easy a system is to learn. 
 
• Efficiency of use - how fast a user accomplishes tasks once he or she has 

learned to use a system. 
 
• Memorability – the concept of memorability, within the usability context, is that 

the user can logout from a system and, when he or she returns to it, remembers 
how to do things in it. 

 
• Few and non-catastrophic errors - how well the system prevents errors to 

happen and when they occur, recovers from them. 
 

• Subjective satisfaction. 
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3 AIMS OF THE THESIS 
The aim of this thesis is to contribute to the development of evidence-based practices 
regarding the design of virtual patient (VP) systems and the authoring of VPs for 
learning and assessment in health sciences’ curricula. 
 
 
More specifically, the following aims were set up for the research: 
 

1. Design and develop a new web-based virtual patient system (Web-SP). 
 
2. Evaluate Web-SP with regards to its usability, acceptance and applicability in 

different health science domains. 
 

3. Investigate the importance of the feedback module and its influence on the 
utilization of VPs by students. 

 
4. Investigate the impact of the introductory clinical vignette component on the 

history-taking reasoning and the therapeutic decisions made by the students. 
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4 MATERIALS AND METHODS 
 
4.1 CONTEXT OF THE STUDIES 

The studies were conducted at Karolinska Institutet (KI), Uppsala University (UU) and 
Stanford University (SU). An outline of the studies included in this thesis is presented 
in Figure 2. 
 
All the interventions relied extensively on the active participation of teachers and 
students. Teachers were involved in a reference group during Study I. They also created 
the VPs used in Studies II-IV and had a key role in enabling the studies to be 
undertaken in a live educational setting. 
 
The participants in Study I were medical students recruited from the medical nutrition 
course at SU. The participants in Studies II-IV were undergraduate students enrolled at 
KI and UU in Sweden. Medical students attending the internal medicine course at UU 
were recruited to Study II. The pharmacy students enrolled in Study II participated in a 
course, only a few months from graduation, in the pharmacy programme at UU.  The 
dentistry students that attended the comprehensive dentistry course at KI participated in 
Studies II, III and IV. Furthermore, dentistry students with no previous patient 
encounter participated in Study II also. 
 

 
 
Figure 2: This shows an outline of the studies included in this thesis. 
 
 
 



 

  11 

4.2 STUDY I: DESIGN AND DEVELOPMENT OF WEB-SP 

 
The first study aimed to design and develop a web-based system to deliver VPs for 
learning and assessment. An authoring environment for teachers to create and manage 
VPs would be designed and developed as well.  
 
Study I was carried out in three steps: design, development and beta-testing. 
The beta-testing was not reported in Paper I. 
 
Design 

• Study of existing VP systems developed at KI and elsewhere 
• Review of the literature on interactive case-based learning, with feedback on the 

design process 
• Review of the best practices regarding the development of web-based 

applications 
• Review of theories that would facilitate the adoption of the system by faculty; 
• Actively involve, at an early stage, teachers and students in the design of the 

system. 
 
The expected outcomes were: 

• A design for a web-based VP system 
• A design for the authoring environment. 

 
Development 

• Adopt a development process with short iterations 
• Actively involve, at an early stage, teachers and students in the development 
• Use only open standards tools 
• Undertake an internal testing of the system with medical students at KI 
• Undertake an internal testing of the authoring environment with teachers at KI. 

 
The expected outcomes were: 

• A web-based VP system 
• A web-based authoring environment. 

 
Beta-testing 
We carried out a beta-testing of the system with medical students and faculty at the 
Stanford University School of Medicine. The participants recruited were students in 
clinical years attending a distant course in medical nutrition, and the teachers managing 
the course. The intervention was supervised and conducted by faculty and staff at the 
Stanford University Medical Media and Information Technology (SUMMIT) group  
(Summit 2007). 
 
Teachers were trained in using the Web-SP authoring environment, and were then 
instructed to develop VPs for three units of the online medical nutrition course. 
The VPs created would then be used to evaluate the Web-SP system’s reliability. The 
students would be surveyed at the end of the intervention by means of an exit 
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questionnaire, which investigated their opinion about the Web-SP system and the VPs 
created by faculty. 
 
The expected outcomes were: 

• Test of the system’s reliability 
• Evaluation of the authoring environment usability 
• Evaluate the students’ possibility to use the system as an effective case-

simulation tool. 
 
 
4.3 STUDY II: USABILITY, ACCEPTANCE & APPLICABILITY OF WEB-SP 

 
The second study aimed to evaluate the usability, acceptance and applicability of the 
system and authoring environment developed in Study I. 
 
The aim of Study II was to evaluate the potential of Web-SP. Three healthcare 
disciplines were chosen for the intervention – medicine, dentistry and pharmacy.  
Web-SP was implemented on a course in each discipline with the exception of the 
dentistry where both pre-clinical and clinical courses were included in the study.  
The medicine course was selected for being, originally, the primary target for the Web-
SP system. The dentistry courses were chosen as appropriate settings to evaluate the 
capability of Web-SP into delivering VPs suitable for particular domains, but still not 
loosing its usability and ease of use. The pharmacy course was included to further 
evaluate the potential of Web-SP to support students that normally never meet patients 
in a clinical setting during their undergraduate education. A description of the settings 
and participants included in the study is presented in Table 2. 
 
Academic Programme Pharmacy Medical Dentistry 
Term/Course/Unit T10 T6/T7 T5 T7/T8 
Length of educational programme (Terms) 10 11 10 10 
University Uppsala Uppsala Karolinska Karolinska 
Number of students 90 70 56 67 
Pedagogical setting PBL 

2 x 4h Web-SP 

lab sessions + 

follow-up 

assessment 

seminar 

Ran cases 

from outward 

clinics, 

hospital and 

from home 

for > 2 

months 

1 x 4h Web-SP 

lab sessions 

with 2 tutors 

On campus 

and from 

home for > 3 

months + 

scheduled 

seminar to 

follow up the 

mandatory 

cases. 

Table 2: Background of the settings where a Web-SP system was evaluated in Study II. 
 
We evaluated the Web-SP system and the VPs created using the authoring environment 
from both the students’ and the teachers’ perspectives. 
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The students’/learner perspective 
The evaluation focused on the usability of the Web-SP system, acceptance for VPs 
created by the teachers and finally the ability to integrate the VPs into the regular 
curriculum. The evaluation instrument employed a six digit Liker scale ranging from ‘I 
strongly disagree’ to ‘I strongly agree’. The questionnaire covered three areas, the 
students’ background (age, gender and self-perceived IT competency), usability of the 
Web-SP system and finally acceptance of the VPs created by faculty. 
 
The teachers’/VP creators’ perspective 
We evaluated the usability and applicability of the authoring environment by 
investigating if teachers, in charge of the courses included in the study, could create 
VPs by themselves. Acceptance of the students for the VPs created by the teachers 
would validate the authoring environment. 
 
 
4.4 STUDY III: FACTORS INFLUENCING THE USE OF VIRTUAL 

PATIENTS 

 
The aim of the third study was to investigate the utilization of VPs for self-assessment 
and explore the influence of the feedback on the students’ mode of engagement with 
the VP. 
 
Twenty-four VPs were created by the senior course director using the Web-SP system. 
The VPs were based on already existing paper-based cases used at KI. Each VP was 
designed to reflect a real-patient scenario. One hundred and twenty-one students 
enrolled on the comprehensive dentistry course of the dentistry programme, were 
included in the study. 
 
The Web-SP system keeps a detailed chronological tracking log over the student 
activity. We investigated the utilization of the VPs by the students by logging all their 
actions in the system during the whole course. The actions logged were: which VPs 
have been accessed, when, for how long, all detailed actions that were performed and in 
what order. The students’ proposed diagnoses and therapies were also stored and 
if/when the feedback area was accessed. 
 
We also studied the importance of the built-in feedback, generated by Web-SP, by 
analyzing if the students’ encounters with VPs with feedback were significantly higher 
than with the VPs that contained no feedback. For each student, we calculated the ratio 
of VPs encountered with respective feedback and no feedback divided by the total of 
VPs encountered. 
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As a third step, we also analyzed the students’ interaction with the VPs, using the logs, 
based on different modes: 
 

• Mode 1: the student reviews the VP but does not input a diagnosis and therapy 
proposal, nor enters the feedback area (M1). 

• Mode 2: the student reviews the VP, inputs dummy text as a diagnosis and 
therapy proposal, and then enters the feedback area (M2). 

• Mode 3: the student reviews the VP, inputs a thorough diagnosis and therapy 
proposal, and then enters the feedback area (M3). 

 
 
4.5 STUDY IV: IMPACT OF THE INTRODUCTORY CLINICAL VIGNETTE 

The fourth study aimed to investigate the impact of the introductory clinical vignette 
component on the history-taking reasoning and the therapeutic decisions made by the 
students. 
 
The introductory clinical vignette is the first screen shown to the participant when they 
launch a VP. An analysis of the VPs used in dentistry in Studies II-III showed that the 
most common practice chosen by the VP author was to include rich anamnestic data in 
the vignette. 
 
To evaluate the influence of the vignette component, a double-blind randomized 
controlled trial (RCT) (Figure 3) was conducted to determine if the absence of a 
vignette would influence the students’ therapeutic decisions and their history-taking 
reasoning. 
 
The study was carried out during two days, a few days prior to the final exam. Before 
the study period, all students had the opportunity during six months to familiarize 
themselves with the Web-SP system, using VPs for self-assessment, in a similar 
manner to the participants in Study III. 
 
Fifty-seven fourth year dentistry students were randomized into two groups. Two VP 
cases were created with the same content in both groups, but the VPs encountered by 
the intervention group lacked the introductory vignette. The therapy decisions and the 
history-taking activity were then scored and analyzed by the course director.   
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Figure 3: Design of Study IV. 
 
The primary outcome evaluated was if there is a variance between the groups in their 
ability to properly make correct therapeutic decisions – total score obtained. A 
secondary outcome was to evaluate differences in the history-taking activity by looking 
at both the total number of questions asked and the number of necessary/unnecessary 
questions asked. 
 
 
4.6 ETHICAL CONSIDERATIONS 

The ethical board at Karolinska Institutet has reviewed and approved all research 
protocols and all four studies included in this thesis. 
 
Informed consent was obtained from all participants. The survey data and data from 
participant interaction with the virtual patients were captured in a de-identified 
database. All data is confidential and only researchers involved in the studies have 
access to the collected data. 
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4.7 STATISTICAL ANALYSIS 

In Paper I, no formal statistical evaluations were made. 
In Papers II-III, the data were analyzed using descriptive statistics. 
In Paper III, descriptive statistics were used. Mean standard deviation (SD) and 
confidence intervals (CI) were calculated. P values were calculated using paired T-test 
for dependent variables/samples. 
 
In Paper IV, a stratified analysis was used. Exact Wilcoxon-Mann-Whitney tests were 
carried out. Exact methods were used to estimate confidence intervals and test the 
common odds ratio. We also used the exact test for common odds ratio to compare the 
groups regarding the dichotomous variables. A post hoc statistical power calculation of 
the power was performed for the primary outcome. 
 
Statistica 7.1 for Windows (Statistica 2007) was used to carry out all the descriptive 
statistical analyses. Stratified analyses were performed using the StatXact software 
version 7.0 for Windows (Cytel 2007).  We used nQuery Advisor 5.0 for power 
calculations (Noether 1987). 
P-values <0.05 were used for statistical significance. 
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5 RESULTS 
 
5.1 THE WEB-SP SYSTEM 

In this section, results from Study I are summarized. First an overview of the Web-SP 
system is presented, followed by a description of the different modules that are of 
importance for the interaction of the user with the system. The chapter is concluded 
with a presentation of the authoring environment used by faculty to create VPs. 
 
5.1.1 Outcomes from the design stage 

The outcomes of the design stage are presented as a succession of decisions, followed 
by the rationale behind each decision. 
 
Adopt the problem-solving model 
Since 1990 the VP-Lab has developed and implemented several case-simulation 
systems to be used for education at the Karolinska Institutet (KI) and other universities. 
One of  the most innovative systems is the Interactive Simulation of Patients (ISP) 
software (Bergin & Fors 2003). ISP is a multimedia simulation software consisting of 
VPs within different disciplines. The simulations are constructed to suit problem-based 
learning and the design is intended to stimulate student activity and discussions 
between students. Among other features, the simulations in ISP are totally controlled by 
the students and the communication with the programme is in a natural language. 
Keeping the problem-solving model, already supported by ISP, was of importance to 
take advantage of the knowledge gained from studies performed at the VP-Lab. 
 
Switch from local to a web-based application 
All simulation software previously developed by our group required a local installation. 
However, the Internet has become an important and effective medium to deliver VPS 
and other learning systems. Simulations distributed via the Internet have proven 
successful in selected medical fields (Lehmann 2001). Web-based VPs are directly and 
always available, changes made in the VPs are immediately accessible and the users do 
not have to carry out extensive installations (Haag et al. 1999).  
 
A flexible technical framework 
The Web-SP system was designed to support evolution over time to adapt to the high 
pace of technological innovations and to be able to implement findings from published 
technological and educational studies in the field. Building flexibility at all levels of the 
system’s architecture would also increase its life span. The use of open standards aimed 
to secure that the application might be run on all server environments. Relying on open- 
source components would lower the cost of implementation by interested universities. 
Therefore it was decided to develop a three-tier application using open-source 
components. 
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Delegate the entire authoring process to the teachers 
Previous projects relied on experienced multimedia developers for the development of 
VPs, making the whole procedure expensive and not flexible. Teachers could not 
develop and adjust VPs to fit their own specific educational needs which limited the 
reuse of the developed VPs. The lack of sense of ownership may have restrained the 
adoption of simulation tools by the teachers. Improving the sense of appropriation 
among teachers would thus increase the level of adoption of Web-SP. Therefore it was 
decided to develop an authoring tool that enables faculty to create VPs on their own. 
 
Use patterns and VP templates 

Nanard and colleagues (Nanard, Nanard & Kahn 1998) proposed the combination of 
patterns and templates to enable and simplify the capture and reuse of design. A 
pattern is a way to record the knowledge and experience of experts such as best 
practices. The use of patterns provides a number of benefits including making it 
easier to reuse successful designs, e.g. the manner the history questions are structured. 
Templates (Catlin & Garret 1991) aid the creation of collections by simplifying the 
authoring task and aid authors in applying information. Therefore it was decided to 
supply VP templates as a resource during the process of authoring VPs. 

 
Defined criteria for adoption 
The Rogers’ theory of diffusion (Rogers 1995) has been applied in a number of fields 
including in the field of developing Web-based learning systems (Hansen, Deshpande 
& Murugesan 1999). The features of the innovation are one of the four main elements 
that play a part in the diffusion of an innovation. The remaining elements are time, how 
information about the innovation is communicated and the context into which the 
innovation is being introduced. 
 
Features of the innovation  
Rogers identified five general attributes of innovations that influence whether the 
innovation would be adopted. The characteristics of the innovation as perceived by 
individuals are: 
 

• Relative advantage. The degree to which the web-based approach proposed by 
Web-SP is better than previous models. 

• Compatibility. The degree to which Web-SP is perceived as being consistent 
with previous experiences, and the needs of potential teachers. 

• Complexity. The degree to which Web-SP is perceived as difficult to 
understand and use. 

• Trialability. The degree to which Web-SP is intuitive to use and does not 
require too much investment in time. 

• Observability. The degree to which the authoring environment enables the 
teacher to quickly achieve results.  
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5.1.2 Outcomes from the development stage 

 
5.1.2.1 Anatomy of Web-SP 

System architecture 
The Web-SP system was developed using standard tools and a decision was taken to 
select open-source components such as Tomcat (Tomcat 2007), as the front end 
container, Jboss AS (Jboss 2007) as the middle-layer open-source Java application 
server and Mysql (Mysql 2007) as the relational database management system 
(RDMS). 
 
As shown in Figure 4, the Web-SP application was built around three layers: the 
presentation layer, the logic layer and the data layer. The presentation layer is the top 
level of the application that interacts with the user, also called the user interface. 
The logic layer is the layer that coordinates the application, processes commands, and 
makes logical decisions and evaluations. It also moves and processes data between the 
two surrounding layers. Finally the data layer is where all the information is stored and 
retrieved from a database, except for the media files that are stored on the servers’ file 
system or in external repositories such as media servers and web servers. 
 
 
 

 
Figure 4: Shows the different layers of the Web-SP system. 
 
System overview 
The Web-SP system is composed of four functional modules: the administrative 
module, the access module, the VP interaction module and the feedback module 
(Figure 5). The Web-SP system supports three types of users, with different 
authorization levels: student, teacher and administrator. The access module handles the 
students and the teachers/case creator access to Web-SP, while the administrators are 
handled by the administrative module. 
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Figure 5: System overview with the four functional modules. 
 
The administrative module 
The administrator module permits the management of the authentication and 
authorisation. The normal procedure is to create a course and assign one, or several 
users of the system, the teacher level. The teachers will then be able to create VPs and 
place them in the course. The administrator also defines which students are allowed to 
access the course, and thereby encounter the VPs available. The students can be entered 
one by one, or in bulk using the user import tool. The user import tool is a valuable 
option when accounts have already been created in another system. 
 
The access module 
In the access module, users are first required to authenticate themselves with their email 
and password. An automatic forgotten password feature is accessible from the login 
page to allow the users to recover their password. 
If the login procedure is successful, the waiting room is then presented to the user with 
a list of the courses that are available to them. Each course contains VPs that have been 
created by faculty. If it is the first visit, the user is presented with an intermediary 
screen outlining the purpose of the application before the user can proceed to the 
waiting room. If it is a returning user, VPs that have been initiated are also listed in the 
waiting room. 
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5.1.2.2 The VP interaction module 

The design of the virtual patient interaction module is founded on the problem-solving 
approach. The general model of the problem-solving approach is that the students have 
to collect a range of information and make diagnostic and therapeutic decisions based 
on their findings.  
 
The VP interaction begins with an introductory clinical vignette (Figure 6). Students 
after seeing that they are free to follow their own path of inquiry through the patient 
interview component (Figure 7), continue to the physical examination component 
(Figure 8) and the lab tests/x-rays investigation module (Figure 10). These components 
can be freely accessed in any order and as many times the user wants to. Based on their 
findings, the students subsequently propose a diagnosis (Figure 12) and a therapy plan 
(Figure 13) before they are allowed to move to the feedback module. 
 
Example of a VP 
This section is a thorough description of a VP encounter from the students’ perspective, 
exemplified using information from a VP created by a faculty at Stanford. 
The patient presented is fictive and any resemblance to real practices, names or places 
is coincidence. 
 
The introduction component 
 

 
Figure 6: The introductory clinical vignette which introduces the problem to the user: 
“William Connors is a 44-year-old engineer who comes to see you because of sudden onset of weakness 
in his left arm and leg”. 
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The interview component 
The history-taking component was challenging to implement given the large number of 
possible questions a patient can be asked, and the large number of variations in which 
these questions can be phrased. We opted for a fixed set of allowable questions rather 
than allowing free-form questions such as in the ISP software (Bergin & Fors 2003), in 
order to allow faculty to author the patient interview component. The questions have 
been categorized according to the past medical experience of the teacher involved in 
the design stage, and categories used by various textbooks (Bickley 1999; Munro & 
Ford 1993) on clinical practice. The patient’s history is taken by selecting from a list of 
questions by category (Figure 6). The answer to the question is obtained by clicking on 
the desired question. An answer can be composed of text and/or multimedia such as a 
video, sound or animations. 
 

Figure 7: The history-taking component: 
 
The student asked “When did the symptoms begin?” from the chief complaint category 
and the VP’s answer was: “When I went to sleep last night I was feeling tired--but that’s not unusual for 
me. I have noticed that I don’t seem to have the stamina I had a few years ago. When I woke up in the 
morning I felt woozy and almost fell when I arose from bed. Then I had the episode I mentioned: I 
couldn’t turn on the water with my left hand. My wife took one look at me and was nearly hysterical. She 
said we needed to go to the hospital.” 
 
 
The examination component 
For physical exams, the user chooses an examination method such as inspection, 
auscultation, palpation, percussion, etc., and then by clicking on the appropriate body 
part (Figures 7-8). The results are presented as a combination of text, image, sound 
and/or video. 
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Figure 8: Shows an ophthalmological exam of the left fundus. 
 

 
Figure 9: Shows the neurology examination of the right arm: 
 “Sensation normal no touch, vibration and pain. Normal muscle strength (5/5) in all groups.” 
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The investigation component 
Laboratory and imaging tests are ordered from an extensive set of lab tests (Figure 10).  
Lab test results are stored in the ‘ordered labs’ to avoid repeatedly requesting a lab if 
results are forgotten. Lab results can be displayed as text, images and/or video (Figure 
11). 
 

Figure 10: The lab test component where several lab tests can be ordered in bulk: 
“In this example, cardiac metabolism lab tests ordered were CK (Total), CK/CKMB, LDH, Myoglobin, 
Troponin I (Plasma).” 
 

 
Figure 11: Ordering an MRI of the brain from the investigation component: 
 “No fractures, no intracranial lesions, no apparent hemorrhage.” 
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The diagnosis component 
When finished examining a case, the student/learner is expected to enter a diagnosis 
(Figure 12), in free text, differentials and justifications based on the facts and reflective 
activities performed. 
 

Figure 12: The diagnosis component – entering a diagnosis and differentials and justifying the decisions. 
 
The therapy component 
After entering a diagnosis, the therapy component becomes available (Figure 13).  
This component is aimed at having the student enter a therapy and justify the proposed 
management of the patient. Additionally an area is allocated for external resources, 
available on Internet, which can be made available to the student. In Studies II-IV, a 
link to a database of the drugs available in Sweden was available by default (FASS 
2007). 
Entering a therapy proposal is required before access to the feedback is granted. 
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Figure 13: The therapy component. 
 
The feedback module becomes available as soon as a therapy proposal is entered. 
 
5.1.2.3 The feedback module 

Computer-based feedback on performance provides support for metacognition.  
Students evaluate their performance against an expert, the VP author, by comparing the 
expert’s reasoning (e.g. differential diagnoses, tests performed) to their own (a way of 
monitoring their own thinking). Feedback is a critical factor in learning (Norman & 
Schmidt 1992). 
 
There are two types of feedback available to students in Web-SP:  constructive and 
neutral.  Constructive feedback is an automatically generated checklist that matches and 
compares student recommendations to expert recommendations (Figure 14). 
Constructive feedback is provided for students’ activities in the explorative phase of the 
VP. Neutral feedback is an automatically generated display of expert opinion and 
recommendations but does not provide any comparison between students and experts. 
Neutral feedback is provided for the student’s diagnostic (Figure 15) and therapeutic 
decisions (Figure 16). Furthermore, electronic references can be given by the VP 
author. The student can also view a detailed chronological tracking of his activity log 
while encountering the VP (Figure 17). 
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Figure 15: Feedback on the diagnosis decisions made by the student: 
 
The VP author’s recommended diagnosis was: 
“This patient with longstanding diabetes mellitus and hypertension is presenting with the classical 
symptoms of a right middle cerebral artery stroke.  An additional risk factor for stroke, besides his 
hypertension and diabetes, is atrial fibrillation which appears to have started about two weeks ago. 
 
A key therapeutic decision that needs to be made is whether or not to begin treatment with tissue 
plasminogen activator (tPA).  Studies have shown that treatment with tPA within three hours of onset of 
stroke symptoms can reduce the size and extent of a non-hemorrhagic stroke.  Since he has clots in his 
left atrium (on echo) and a head CT showing no hemorrhage, he would likely be given tPA treatment, 
although one cannot be confident that he is within three hours of stroke onset.  If his neurological deficit 
reverses with tPA, he would also need some form of preventive treatment, such as systemic 
anticoagulation. To keep clots in his left atrium from causing further harm.  Both tPA and the subsequent 
anticoagulation carry risks of hemorrhage.  The risks (hemorrhage) would need to be balanced with the 
benefits (potential resolution of hemiparalysis and hemianesthesia). 
 
The other interesting finding is that the patient has significant diabetic retinopathy, with exudates, 
hemorrhages, and microaneurysms, in both right and left fundi.” 
 
The VP author justified his decisions as follows: 
“Right MCA involvement from an embolic stroke produces a left hemiparesis and hemianesthesia.  The 
facial nerve findings are interesting.  The lower nuclei to the seventh nerve receive unilateral innervation 
(from the contralateral cerebral cortex); therefore he has weakness in the lower two-thirds of the left side 
of his face.  The upper nuclei receive bilateral innervation (from both cortices); therefore movement of 
the forehead and orbicularis oculi muscles is relatively preserved on the patient’s left side. 
Because of his long-standing diabetes, he also has a distal sensory neuropathy in his right leg (the side 
unaffected by this stroke).” 
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Figure 16: Feedback on the therapeutic decisions: 
 
The VP author’s recommended therapy was: 
1) tPA infusion 
2) Subsequently, if no adverse effects, heparin and then warfarin treatment 
3) Treatment for atrial fibrillation 
4) Work-up for causes of atrial fibrillation 
5) Insulin administration and glucose monitoring 
6) Continue anti-hypertensive treatment with lisinopril 
7) Referral to a retinal specialist. 
 
The VP author justified his therapy decisions in this manner: 
“Because the patient appears to have had an embolic stroke and the exact onset is unknown but seems to 
be within three hours, he would be given tPA to promote thrombolysis.  After this treatment, he would be 
started on heparin and then warfarin because there is a continuing threat of further emboli from his atrial 
thrombi.  He might be treated with antiarrhythmics to see if he can be converted to sinus rhythm and 
might be cardioverted if medical therapy proved unsuccessful.  He would also be studied for causes of 
atrial fibrillation, which was the underlying event that brought on this problem.  Does he have 
hyperthyroidism?  Does he have silent cardiac ischemia?  These would be ruled out with appropriate 
tests.  The care of his chronic diseases--diabetes and hypertension--would be continued.  He needs to see 
an ophthalmologist very soon for treatment of his diabetic retinopathy.” 
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Figure 14: Automatically generated checklist that matched and compared the student’s activity in the 
explorative phase to expert recommendations. 
 

 
Figure 17: The chronological tracking log automatically generated by the Web-SP system. The student is 
able to view and print a detailed log of his/her actions and inputs performed in the virtual patient 
interaction module. 
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5.1.2.4 The authoring environment 

One of the design challenges for the Web-SP system was to provide a user-friendly and 
intuitive method of authoring VPs with low requirement on the user’s technical 
knowledge. 
 
The approach adopted was to integrate the authoring environment on top of the access, 
the VP interaction and the feedback modules. The built-in model thus enables the VP 
author a preview in real time of the changes made to the VP they are authoring. 
Switching between the student and the authoring environment is done by clicking on an 
‘edit on’ button. The ‘edit on’ feature is only visible to the users that have been 
authenticated as teachers (Figure 18). 
 

 
Figure 18: Shows when the authoring environment is enabled by clicking on the ‘edit on’ button on the 
bottom right corner of the application. 
 
Using the Web’s technical capabilities such as text, images and different components of 
multimedia, teachers can compose patient cases that are interesting as well as 
cognitively challenging. The authoring environment enables the VP author to edit all 
the content in a VP, such as text and multimedia elements (Figure 19), but also alters 
the structure and availability of the questions by adding new questions, categories or 
hiding unwanted items. The same principle of authoring text and multimedia is 
systematically applied in all the components of the system. An additional feature in the 
investigation modules enables a bulk editing of several lab tests (Figure 20). 
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Figure 19: Authoring of a medical history question. 
 

Figure 20: Bulk editing of the cardiac metabolism tests. 
 
History questions, physical examinations and lab tests that are considered important to 
solve a specific case can easily be marked ‘required’, resulting in these being used by 
the Web-SP system to automatically generate an individualized feedback. 
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VP Templates 
The use of VP templates is an implementation of the model proposed by Nanard and 
colleagues (Nanard, Nanard & Kahn 1998) to combine patterns and templates to record 
the knowledge and experience of experts. In the case of Web-SP, the experts were 
teachers involved in the design and development of the system but also patterns we 
extracted from previous projects. 
In Web-SP, VPs are developed starting from templates of healthy patients or from 
already created VPs. The templates are different VPs reflecting normal findings 
(healthy patients) that are available to all VP authors as a method to speed up the 
authoring process. A template includes a complete set of history questions and answers, 
physical examination data and more than a thousand different lab results, including 
radiology. VP templates are available for female and male patient VPs of different age 
categories. 
 
The authoring process 
VPs are usually created in an iterative stepwise process. The first step is to develop a 
manuscript of the case, then to start up the Web-SP VP creation interface to author the VP. The 
required steps to author a complete VP are presented in Figure 21. The amount of time 
needed to create a single case varies and may depend on the complexity of the case, the 
quality of the manuscript and the need of new clinical media. 
 

 
Figure 21: Steps recommended to author a VP. 
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5.1.3 Outcomes from the beta-testing stage 

Faculty at Stanford University created VPs for units of the online course in medical 
nutrition. Three units were chosen for the beta-testing, the prevention and treatment of 
cardiovascular disease unit, the prevention and treatment of obesity unit and the 
nutrition therapy for diabetes mellitus unit. Faculty created three VPs per unit, a total of 
nine VPs, using the built-in authoring environment. Faculty were satisfied with the 
authoring tool but reported the need to customize the VP flow and particularly disable 
the physical examination component that was not needed in this particular course 
setting. 
 
The reliability of the Web-SP system was tested during the authoring process and then 
when the students used the system during the course. The system performed as 
designed during the whole period of the beta-testing and no failures were reported. 
Students using the Safari browser on Mac reported some malfunctions at the user 
interface level but they were not critical to the utilization of the Web-SP system. 
 
Thirty-two students participated in the beta-testing stage. They were surveyed at the 
end of the intervention by means of an exit questionnaire, that investigated their 
opinions of Web-SP (Figure 23), the ease of use of the system (Figure 25), and the level 
of difficulty of the VPs created by faculty (Figure 24). 
 
 

 
Figure 22: The number of VPs encountered by students in an online medical nutrition course. 
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Figure 23: Overall opinion of the Web-SP. 

 
 
Figure 24: The level of difficulty of the VPs. 
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Figure 25: The ease of use of the Web-SP. 
 
 
5.2 USABILITY, ACCEPTANCE AND APPLICABILITY OF WEB-SP 

 
5.2.1 The authoring environment 

We investigated if teachers, in charge of the courses included in the study, could create 
VPs by themselves. The teachers were first introduced to the authoring environment 
during a one-hour session where Web-SP was demonstrated and specifications 
concerning different multimedia formats were outlined. Then the teachers involved 
were instructed to create the cases on their own. All participating teachers were capable 
of creating interactive VPs on their own for all the three courses targeted. The VPs 
adapted for all three disciplines were judged to be of significant educational value by 
the course leaders. There were no technical problems noted. In the medical course four 
clinical teachers created six cases with the diagnosis: Henloch-Schonlein purpura 
(HSP), pulmonary embolism, acute stroke, heart infarction, myeloma, and carotid 
artery stenosis. In the dentistry course a clinical teacher created twenty cases covering 
the fields of comprehensive dentistry. In the pharmacy course a teacher created four 
cases with the following diagnoses: kidney failure, heart infarction, pulmonary oedema 
and diabetes type I. 
 
5.2.2 The virtual patient interaction and feedback modules 

As shown in Figure 26, the student overall rating of the Web-SP was positive for all 
four study groups. Applying Web-SP in different health-science disciplines, 
pedagogical settings and universities (Table 2) was successful.  
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Figure 26: Shows the overall opinion of the students (in percent) regarding the Web-SP. 
 
Acceptance for the VPs created by faculty 
The students considered that they learned from interacting with the VPs and also 
regarded the VPs as engaging, realistic and fun to use (Table 3). However some 
students, on the pharmacy course, reported some inconsistencies in the content validity 
of the VP, like an MRI not displaying the same pathology as the CT-scan, or lab tests 
showing the wrong values. This was due to mistakes made by the case creator, and not 
problems with the Web-SP system. 
 
Academic Programme Pharmacy Medical Dentistry 
Student  evaluations Median values (p25 - p75) 
2. I found the cases in Web-SP engaging 

1= strongly disagree, 6 = strongly agree 

4 (3 - 5) 5 (4 - 6) 5 (4 - 6) 5 (4 - 6) 

3. I found the cases in Web-SP realistic 

1= strongly disagree, 6 = strongly agree 

4 (3 - 5) 5 (4 - 6) 5 (5 - 6) 5 (5 - 6) 

4. I found the cases in Web-SP instructive 

1= strongly disagree, 6 = strongly agree 

4 (3 - 5) 5 (5 - 6) 5 (5 - 6) 6 (4 - 6) 

5. I found Web-SP fun to use 

1= strongly disagree, 6 = strongly agree 

4 (4 - 5) 5 (4 - 6) 5 (5 - 6) 5 (4 - 6) 

6. I think that I learnt from using Web-SP 

1= strongly disagree, 6 = strongly agree 

3 * (2 - 4) 5 (4 - 6) 5 (4 - 6) 5 (4 - 6) 

Table 3: The students’ opinions about the VPs. 
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5.3 FACTORS INFLUENCING THE USE OF VIRTUAL PATIENTS 

 
5.3.1 Utilization of the VPs for self-assessment 

The students in the comprehensive dentistry course encountered on average 9.68 VPs 
each, which constitutes forty-three percent of the twenty-four VPs made available by 
the teachers for learning and self-assessment. 
There was a spread in utilization between students in both group A (CI: 6.87-9.25) and 
group B (CI: 10.22-13.22), but the total number of VPs available seems to be sufficient 
for the targeted course. 
 
 
5.3.2 Importance of feedback 

In Study III, of all the VPs the students encountered, seventy-one percent (CI: 68-75%) 
were VPs with feedback. Only twenty-nine percent of the VPs chosen were without 
feedback, which may indicate that most students believe that a VP is not complete 
unless it includes feedback. 
Difference in utilization between both types of VPs was significant at p<0.001. 
Consequently, the students clearly favoured VPs with feedback compared to the VPs 
without feedback. 
 
The analysis of the students’ activity based on different modes of interaction with the 
VPs showed that, on average, sixty-four percent of the students encountering a VP with 
feedback will opt for Mode 3 of interaction, which is the most advanced type of 
interaction with a VP. VPs without feedback promoted ‘Mode 1’ behaviour among 
seventy-six percent of the students, which means that the Web-SP in those cases 
functioned merely as a method to deliver patients’ case data.  
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5.4 IMPACT OF THE INTRODUCTORY CLINICAL VIGNETTE 

Figure 27 shows the flow of participants through the trial in Study IV. The groups were 
similar regarding demographic variables. 
 
 

 
Figure 27: Flow diagram summarizing participant recruitment and study design. 
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5.4.1 Evaluation of the therapeutic decisions 

There were no statistically significant differences (p = 0.16) between the two groups 
regarding the total score obtained for the therapeutic decisions made. Both the control 
group (p25-p75 = 1.0-2.5) and the intervention group (p25-p75 = 1.0-2.0) had a median 
score of two (of maximum four points). An analysis by sections of the therapy showed 
no statistically significant differences between the groups in how they correctly 
managed the emergency treatment (p = 0.09), the preventive treatment (p = 0.12), the 
initial phases of the treatment (p = 0.72) and the final restorative treatment (p = 0.050).  
eighty-nine percent of the participants in the control group and sixty-nine percent of the 
intervention group made the correct therapeutic decision in the preventive treatment, 
and to a lesser extent in the other sections (Table 4). 
 
 
 
 Control 

Group, N=28 
Intervention 
Group, N=29 

95% CI on 
odds ratio 

P- 
Value 

Emergency treatment 25 (7) 21 (6) 0.30-5.98 0.09 
Preventive treatment 89 (25) 69 (20) 0.77-23.04 0.12 
Initial phases of the 
treatment 

36 (10) 28 (8) 0.40-5.22 0.72 

Final restorative treatment 46 (13) 35 (10) 0.50-5.65 0.50 
Table 4: Participants that correctly treated the virtual patient: 
Values are percentage (number) of participants that correctly treated the VP unless stated otherwise. 
 
5.4.2 Evaluation of the history taking activity 

There were no statistically significant differences between the two groups in the total 
number of questions asked (p = 0.17), the number of relevant (p = 0.33) and irrelevant 
questions asked (p = 0.20) (Table 5). 
 
 Control Group, 

N=28 
Intervention 
Group, N=29 

P-
Value 

Total number of questions 
asked. 

17 (14-20,5) 19 (14-21) 0.17 

Number of relevant 
questions asked 

7 (6-7) 10 (9-10) 0.33 

Number of irrelevant 
questions asked 

10.5 (7.5-13.5) 9 (6-11) 0.20 

Table 5: Participants’ history-taking reasoning activity: 
Values are median (p25-p75) of the number of questions asked unless stated otherwise. 
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6 DISCUSSION 
 
6.1 DESIGN AND DEVELOPMENT ISSUES 

 
Rationale for developing a new virtual patient system 
There is well founded criticism about developers “reinventing the wheel” over and over 
again and about the persisting NIH (Not Invented Here) syndrome. While studying 
existing virtual patient systems developed at KI and elsewhere, we did find virtual 
patient systems that could have been alternatives to developing a new VPS.  
 
However, the primary rationale for designing a new VPS instead of building on an 
already existing system was that we aimed at creating a flexible system that could work 
as a research tool for the VP-Lab and at the same time solve some issues with existing 
systems like the difficulty to create and edit cases by teachers. Further on, the 
previously developed systems were, either built on a proprietary platform, didn’t have 
an established policy on how to share the software with other developers or were 
commercial. Moreover, most projects we found seemed to have stalled and never 
achieved an implementation outside its home base or didn’t support the problem-
solving approach, which was a requirement to be able to consolidate the experience and 
know-how gained during the precedent projects undertaken at the VP-Lab. 
 
The development process & the tools used 
The active involvement of faculty and students in the design and development was a 
method to obtain a balance between the technology-driven innovators and the 
requirements of the educational stakeholders.  
 
The development of the Web-SP system is under the exclusive direction of the VP-Lab. 
This approach may not be the right option for the future given rapid changes in context 
and user requirements, unless we build-in the ability to evolve. To make a system 
evolvable, it has to be adapted and extended by a large and diverse group of developers. 
It means that a new approach might be needed where the development becomes 
decentralized and distributed over several organizations. This proposed approach would 
allow the Web-SP system to change and grow. 
 
The open source tools chosen, such as Java, Mysql, Jboss, could always be questioned, 
but they were made on the basis of their viability. Java is an independent platform with 
the support of a large community of developers and organizations. The object oriented 
php5 could have been an appropriate alternative although it was not available at the 
time when the Web-SP project was initiated. Mysql was, and still is, the premier open 
source database available, but we might need to review the possible necessity to 
support other database systems that are in use at other universities. Finally, when we 
initiated the Web-SP project, several middleware application servers existed, but the 
strong growing community around Jboss was a positive indicator of the vitality and 
sustainability of that option. 
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In other words, even if some of the decisions made regarding technology were more 
based on analytical assumptions rather than on conclusive evidence, the solutions 
preferred seem to have been right, and still are. 
 
We made efforts to develop an all-encompassing system which meets most of the 
current perceived needs of the potential stakeholders. One decision that we made early 
on, was to limit the development of functionality that was requested by only certain 
specialists, like ENT specialists, neurosurgery specialists etc. Our assumptions was that 
an implementation of functions, that only have been specified for by different specialist 
groups, would decrease the systems usability for the mainstream majority of teachers 
and developers in health sciences. The fact that in study I-IV teachers from three 
different health sciences disciplines were able to develop VPs using Web-SP 
demonstrated that the approach adopted was appropriate. The technical architecture of 
the Web-SP system is built to enable the addition of functionality that could be of use 
to specific disciplines and specialities. The dentistry plug-in, for example, is an 
interface that provides the added functionality consistent with how the patient records 
are presented in the clinical practice. The development of further functions should be 
thoroughly studied in an experimental setting to provide evidence for the added value 
compared to the existing features in the Web-SP system. 
 
The approach adopted will secure that Web-SP serves most types of VPs, while still be 
relatively easy to use for VP authors. 
 
Beta-test 
To beta-test at Stanford was part of a study that was funded by the Wallenberg Global 
Learning Network (WGLN) that investigated the use of virtual patients in an online 
medical nutrition curriculum. WGLN also supported the initial development of the 
Web-SP system, at the time called the WASP system (Zary & Fors 2003). The beta-
test, that included several teachers and forty two students, had for primary objective the 
evaluation of the reliability of the system in a real course context. The Web-SP system 
performed well during the whole course which lasted three months. The evaluation of 
the VPs showed usability problems for users running the safari browser on Mac which 
enlightened the problems of keeping a web-based application compatible with all the 
different browser types and versions. A list of recommended browsers was added on 
the login page and a browser compatibility test is performed prior to the log in to offer 
the user a chance to switch browser before encountering problems. 
 
The beta test also showed the need to increase the flexibility of the system at the 
structural level. For example, the physical examination component was not needed for 
the medical nutrition VPs and thus such components should be possible to hide or 
inactivate in an easy way. 
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6.2 AUTHORING OF VIRTUAL PATIENTS 

 
The authoring tool 
The approach of an authoring tool with an editing environment embedded in the user 
interface has shown a high acceptance among teachers. The built-in design seems to be 
well suited for novice VP authors since they don’t need to be acquainted with how the 
VP is structured. To be able to author VPs on their own, without the assistance of 
multimedia developers or instructional designers, has allowed them to appropriate and 
adopt the interface. Indeed, even if the VP-Lab has created more than ten different 
Virtual Patient systems over the last fifteen years, none has received the same interest 
and implementation base than Web-SP. Unstructured interviews with teachers 
confirmed that the easiness to develop VPs without needing to learn programming or 
special development tools, was the main reason for their interest in Web-SP. The 
authoring environment could be a factor to achieve adoption of Web-SP, beyond the 
early adopters, and reach the majority of the faculty (Rogers 1995). 
 
We need to further investigate if there is a saturation point in satisfaction for VP 
authors, as they become more experienced in authoring VPs, point at which they will 
perceive that the built-in option is less effective than other authoring designs. A further 
development of the tool to satisfy the experienced VP authors could focus on the 
increased efficiency of the authoring, either by using bulk editing (for example as in the 
investigation component) or provide means to import content from document formats 
the teacher is familiar with, such as ms-Excel or similar, or enable to automatically 
import data from available patient records (Kraemer et al. 2005). 
 
The beta-test in study I demonstrated that the faculty could use the authoring 
environment (usability 1), that we managed to create VPs (usability 2) and that the 
authoring exhibited significantly more usability than previous systems in use. However, 
the lack of adaptability (usability 5) became evident when the faculty couldn’t disable 
the physical examination component that was not needed for the medical nutrition VPs. 
Adaptability of the system was subsequently improved before study II by enabling the 
support for different interfaces within Web-SP to tailor what modules and components 
are available (e.g. medical interface, dentistry interface).  
 
 
VP templates 
The majority of VPs created so far with Web-SP have been developed using the default 
VP templates available in the Web-SP system. Some specialities have created their own 
templates (like nursing that adapted the terminology to their context) and used them as 
starting point for creating VPs for students, but still within the Web-SP system.  
 
The default templates were developed with the assistance of Swedish teachers and 
clinicians and therefore tailored for the Swedish medical education context. In Study I, 
faculty commented on the fact that the laboratory results and other clinical tests should 
have been organized in a manner more consistent with U.S. standards. The findings 
couldn’t be corroborated by study II-IV since they were conducted in Sweden. An 
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analysis of the authoring process showed that faculty adapted the default templates 
before creating VPs for the students. 
 
The findings imply that VP templates need to be country and discipline specific to 
mirror the local context and expertise. 
 
We foresee the appearance of a new type of authors, with an established experience in 
authoring VPs, which will focus on creating and validating VP templates as a way to 
enable the reuse of their expertise by other faculty. The VP templates created would be 
customized for different disciplines, specialities and learner group and shared with 
novice VP authors.  
 
The default templates available were based on Caucasian male and female models. The 
development of further templates with a variation in ethnicity is recommended to avoid 
the overrepresentation of a specific ethnicity in the VPs created by faculty (Huang, 
Reynolds & Candler 2007). 
 
The concept of VP templates, derived from theories of pattern design (Nanard, Nanard 
& Kahn 1998; Rossi, Schwabe & Garrido 1997), improved the efficiency of the process 
of authoring VPs, and played most likely an influential factor for faculty adoption. 
 
The authoring process 
The current authoring process enabled all the teachers to create VPs that were included 
in study I-IV. An emerging authoring process has been observed as follows: 
 
The VP was usually drafted in a text document or a MS-Excel sheet and contained 
mainly positive findings and a recommended diagnosis and therapy. The origin of the 
clinical content was either real clinical cases or paper-based cases extended to fit the 
Web-SP system. The data was then entered in the Web-SP system using the authoring 
environment. The VP was subsequently reviewed either by a colleague or piloted by 
students.  
 
The authoring is entirely delegated to the faculty and there are no routines/guidelines 
within the system to validate the VP. Faculty may be tempted to create a bare bone VP 
with only positive findings. Moreover, teachers can create a new VP just by making a 
duplicate of an existing VP. We need to investigate if the current authoring strategies 
adopted by faculty create VPs with low variations between them which can lead to 
over-standardised encounters. Also more detailed analysis of the VPs created will 
demonstrate if the VP authors need to develop skills in creating convincing and 
meaningful narratives. 
 
Collaborative authoring of VPs has been observed in the medical track of Study II. 
Further development of the authoring tool might need to support new types of 
authoring processes where teachers and other personnel can author the same VP, either 
simultaneously or subsequently.  
 
The authoring tool was aimed at teachers, although explorative studies have showed the 
potential of having students create VPs as a learning goal and as a strategy to build and 



 

  44 

validate a large repository of VPs (Botezatu et al. 2006). Such new directions might 
also influence the future development of Web-SP. 
 
Validation of the VPs 
In the absence of an inherent validation process, the validation of the VPs was 
undertaken in different ways,. In medicine, teachers authored the VPs in a collaborative 
manner, and peer-reviewed each others VP. In pharmacy, the VPs were created by one 
faculty and the content reviewed by the course director. In dentistry, the course director 
created all the VPs, which were later validated by an assisting teacher prior to the 
intervention in study II and by peers during scheduled seminars and informal 
presentations prior to study III.  
 
One of the findings was that students were quick to pin-point inconsistencies in the 
VPs. A stronger content validation model is therefore essential. 
 
Further on, the different organizational cultures and the motivation to create a large 
amount of VPs may lead to the involvement of teaching assistants and e-learning staff 
to create the bulk of the VPs. In such cases, the lack of medical expertise might lead to 
poor content validity of the VPs created. This reinforces the need for a systematic 
validation procedure.  
The validation procedure should also take into account if the VP is going to be used for 
teaching purposes or for assessment.  
 
The impact of the authoring tool on adoption 
The idea that features of an innovation itself (such as an authoring tool) will affect 
adoption, has been explored in other fields and academic traditions. The Technology 
Acceptance Model (TAM) provides one possible theoretical framework for 
understanding information technology user behavioural motivation and predicting 
usage. In this model, perceived ease-of-use and perceived usefulness are considered to 
be strong motivational predictor of information technology use (Moore & Benbasat 
1991). Perceived usefulness can be viewed as “the degree to which an individual 
believes that using a particular system would enhance his or her performance” (Davis 
1989). That is, it would take less time to perform a certain task or the outcome would 
qualitatively improve. Davis has defined perceived ease-of-use as “the degree to which 
an individual believes that using a particular system would be free of physical and 
mental effort” (Davis 1989). The perceived usefulness of an innovation was found to be 
50% more influential than ease-of-use in determining usage (Davis 1989). 
 
Anecdotal information in the input from faculty interested in using Web-SP tends to 
corroborate that the perceived ease-of-use and the perceived usefulness of the authoring 
tool influenced the faculty’s resolution to use the Web-SP system. A study using the 
TAM instrument might verify this finding. 
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6.3 INTERACTION WITH THE VIRTUAL PATIENT 

We have evaluated Web-SP in various courses for undergraduate education. 
 
In the beta test of Study I the users reported the VPs to be of appropriate difficulty in 
comparison with the aims of the course. The students opinion of Web-SP as a learning 
tool were positive  In dentistry, the sustained use of the VPs in study II-III is 
encouraging and seems to confirm the hypothesis that Web-SP could be the right tool 
to deliver VPs for dentistry. The tight integration to the curriculum, in study III, may 
have reinforced the acceptance among students for Web-SP. 
 
The acceptance of Web-SP in medical education will depend, in part, on how it 
compares to the accepted standards of education in comparative studies. Such studies 
will be vital to determining the suitability and best fit of Web-SP within a modern 
educational curriculum. 
 
Utilization 
In study II-III, we investigated two different scenarios; either a preset amount of 
mandatory VPs was given to the students or a library of VPs for self-assessment 
purposes.  
In the library scenario, the frequency of the student encounters was the quantitative 
measure to investigate the utilization of Web-SP. Utilization of Web-SP provided us 
with indication that Web-SP is appropriate for the intended outcome. Since there were 
no upper and lower limit imposed on the students (number of VPs encountered), it's an 
objective reflection of the students choice in how to use the system. Given the range of 
student usage of the cases (a minority of students encountered all the VPs) combined 
with students’ self-reported mastery in IT, future research will investigate the 
correlation between frequency of encounters and depth of learning over time. 
 
Originally the purpose of the engagement in study III was to prepare students for the 
final exam, expecting therefore most students to comply with an exam-taking 
behaviour. To our surprise, we discovered novel usage of Web-SP suggesting that 
students were able to find creative ways to use Web-SP for their own learning needs 
and purposes. This suggests to designers that Web-SP is a flexible learning tool for this 
student group, not only an exam preparation tool. 
 
Applicability 
Three different health care disciplines were the setting of investigation for this thesis. In 
dentistry both pre-clinical and clinical students were recruited. A further evidence of 
the applicability of Web-SP is the large implementation base that occurred during the 
period of this thesis, since in that time the system has been adopted by ten universities, 
translated to five languages and used in different educational settings and disciplines. 
The results from the study I-III, combined with the large implementation base indicate 
that Web-SP is applicable to various settings and disciplines. 
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VP Structure 
The current  problem-solving structure of Web-SP was the predominant option adopted 
in previous projects developed at the VP-Lab. Bearman et al. compared the problem-
solving design with the narrative design, and showed a significant improvement in the 
communication skills of the students that used VPs with a narrative structure (Bearman, 
Cesnik & Liddell 2001). The further development of the Web-SP system should take 
into account all the published evidence that supports the value of other forms of 
structure. 
 
We used the medical interface with all the students included in the studies to create a 
uniform baseline for the investigations. Results from the questionnaire in Study II 
demonstrated the need to adjust the presentation layer to the targeted student group for 
an improved usability and acceptance. E.g., pharmacy students that were already done 
with most of their education focused on the therapy/treatment section and complained 
over the need to have to enter a diagnosis. 
 
“… it’s the physician’s task to find the right diagnosis, not mine as a pharmacist” 
 
The history taking component 
We opted for a fixed list of allowable questions rather than allowing free-form 
questions using natural language such as in the ISP software (Bergin & Fors 2003). The 
rationale was that the implementation of natural language processing would prevent 
faculty to author the patient interview component. Free-form questions pushes students 
to reflect on what they know and what they do not know since they have to formulate 
their questions in writing (Janda 2005). In cognition sciences, this process is considered 
to enhance learning and facilitate future retrieval of knowledge (Regehr & Norman 
1996). An alternative design of the history taking component could have been to allow 
that student to ask questions in free text, a list of possible matching questions would be 
displayed. If the Web-SP system is unable to find a sufficiently close match, then the 
student is asked to rephrase the question. This option would not impact on the 
authoring process but would still allow free-form questions. 
 
The examination component 
The mannequin/figure that is used in the physical examination component to represent 
the human body is innovative but some manoeuvres, such as obtaining vital signs, have 
proven to be difficult to perform. The reasons were primarily the absence of guidelines 
and differences between VP authors in conceptions on where to represent some exams, 
this introduced inconsistencies between VPs created by different authors and 
.ultimately had an impact on the students’ acceptance for Web-SP. 
Guidelines should be developed. We need to investigate alternative means of 
displaying e.g. vitals in the physical examination component to improve its usability 
and acceptability. 
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6.4 FINDINGS REPORTED IN EXPERIMENTAL STUDIES 

Study III explored the importance of the feedback module and its influence on the 
utilization of virtual patients by students. Study IV was a randomized controlled trial 
(RCT) that investigated the impact of the clinical vignette component using history 
taking reasoning and therapeutic decisions as outcome measures. 
 
Impact of a module 
The purpose of the study III was to investigate the impact of the feedback module 
utilization and the mode of interaction. 
 
As many as 78% of the students used the feedback when available. An interesting 
finding is that 24% of the students showed a “feedback seeking behaviour”, although 
there was no feedback available. This is interesting and future research needs to 
investigate how meaningful the feedback is from a student learning perspective and 
investigate the difference between constructive and neutral feedback. 
 
The results also suggest that quality over quantity is essential. Although adding 
feedback to VPs is time consuming, the results tend to indicate that faculty should 
preferably focus on adding feedback to the currently available VPs rather than creating 
additional VPs without feedback. 
 
We made an effort to look at feedback from a 360 degree perspective by investigating 
the importance of the feedback provided by a teacher (live person). We found that 
whether or not a VP was selected for review during a teacher led seminar, it did not 
affect student behaviour (at least on the surface). There was a limitation in the analytic 
method applied, since we could not determine whether the frequency data reported in 
this analysis accurately reflects individual student engagement. The report that groups 
of students reviewed cases together is an opportunity for new pedagogical designs and 
novel use – team PBL seems to be possible using Web-SP. Teacher led seminars may 
still be of importance to provide credibility to the VPs by integrating them into the 
curriculum. 
We need to study how meaningful the feedback is from a student’s learning perspective 
and the difference between constructive and neutral feedback. 
 
Influence of a component 
We looked at the interaction between components within a module in a VP using the 
problem-solving design in study IV. The hypothesis was that  the design of the clinical 
vignette may have an influence on the students’ performance and thereby on the 
scoring of the process (such as medical history taking) and/or the outcome (therapeutic 
decisions). The outcomes studied were the therapeutic decisions (and thereby on the 
validity of an assessment model) on the reasoning process (history taking component). 
 
89% of the participants in the control group and 69% of the intervention group 
performed well in the preventive treatment compared to the other assessed therapeutic 
parts. The different levels of performance may be indicative of the students’ prioritizing 
the preventive treatment and to a lesser extent the final restorative treatment.  
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The less prioritized sections of the therapy may have suffered from the limited (one 
hour) time set for the intervention. Another plausible explanation could be that the 
scoring rubric, chosen for the therapy sections, was not able to discriminate between 
the students’ (95% CI of 0.77-23.04) since the majority of the students correctly 
“treated” the VP concerning the emergency treatment.  
 
Even if none of the students complained about not being given enough time, further 
studies might need to investigate if a one-hour time limit is sufficient to be able to 
assess the students’ therapeutic decisions. 
 
The anamnestic (medical history) data removed from the introductory vignette was to a 
certain extent available in the medical history section, meaning that if a student 
happened to ask the virtual patient sufficient number of case relevant medical history 
and other anamnestic questions, the data omitted in the vignette would have been 
revealed. However, there were no indications of students asking such rich anamnestic 
data.  
 
The absence of differences between the two groups regarding history taking may 
indicate that making parts of the anamnesis available in the vignette will not modify the 
history taking activity for the intervention group compared to the control group. This 
could be mean that the participants did not use the clinical data provided in the vignette 
in their clinical reasoning. 
Half of the questions asked by both groups were irrelevant, while they almost asked 
most of the relevant questions. The number of relevant questions may have been 
insufficient to discriminate between the students’ history taking reasoning. 
 
The current design of the history taking component may not be challenging enough 
since the students can browse through all the available questions. To provide further 
evidence on this issue, a future study is planned, comparing the current design of the 
history taking component and a design where the participants would have to formulate 
the questions, as proposed earlier in the discussion. 
 
However, we still think that the results of this study indicate that the use of detailed 
vignettes or case introductions might not be needed. But on the other hand a short or 
limited vignette might be used to give the student a hint of what type of case is being 
presented. 
 
Study IV demonstrated that a double-blind randomized controlled trial can be 
performed in a live educational setting with a 90% power. The publication of the trial 
will hopefully encourage other researchers to do similar trials, and that a systematic 
review of these similar, compatible trials will produce more definitive answers. 
 
Friedman and later Cook proposed a novel framework for research into computer-based 
instructional design. They argued that the focus should be on the investigations of 
computer-based learning designs, usage patterns, assessment methods, and integration 
(Cook 2005; Friedman 1994). We believe that study III-IV is an application of the 
proposed research framework. 
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7 CONCLUSIONS 
The purpose of this thesis is to systematically design and develop a virtual patient 
system (Web-SP), evaluate its usability, acceptance and applicability in health sciences’ 
education. Then as a subsequent step, use the newly-developed Web-SP system as a 
research tool to produce evidence for best practices regarding the authoring and 
implementation of virtual patients in health sciences curricula and their use for learning 
and assessment. 
 
The main conclusions that can be drawn from this research are that: 
 
The usability and acceptance for the Web-SP system among health-science students 
was positive. Applicability of Web-SP in three different health-science disciplines and 
different settings was verified. A better utilization of the templates, by the VP authors, 
is suggested to adapt the VP encounter to the expected learning and assessment 
outcomes and foremost to the health-science discipline. 
 
Various utilization patterns of the VPs were demonstrated. VPs were used for teaching, 
learning, self-assessment and formal assessment. The accessibility enabled by the web-
based format was fully utilized since both the VP authors and the students accessed 
Web-SP from IT facilities on campus, while in clinical rotations at the hospitals and 
also from off-campus locations. 
 
A specific module can have an impact on utilization and on the students’ engagement. 
Study III showed that students favoured VPs containing feedback and showed a 
feedback-seeking behaviour even when no feedback was available. The presence of 
feedback also had an impact on the students’ mode of engagement. The results confirm 
the importance of feedback, but suggest that faculty should prioritize the authoring of 
feedback rather than creating more VPs.  
 
In Study IV, we investigated the possible dependencies between components within a 
module. The results indicated that, in a problem-solving design, the clinical vignette did 
not have an impact on the therapeutic decisions made by the students. The findings are 
of importance for both the authoring of VPs and the assessment of the students’ 
therapeutic decisions. We also successfully performed a double-blind randomized 
controlled trial in a live educational setting. This model of investigation will enable us 
to systematically scrutinize each module and component from different facets and feed-
back findings to the further development of the system based on conclusive evidence. 
 
The built-in authoring model enabled teachers to create and manage VPs with ease. 
This model contributed to the adoption of the Web-SP system and strengthens the sense 
of appropriation of the system and the VPs among faculty, which ultimately may have 
reinforced a sustained implementation in the curriculum. The findings stimulate further 
efforts in the refinement of the authoring model. On the technical level, the focus ought 
to be to improve the efficiency of the authoring process to adapt to the experienced VP 
authors that may find the current built-in model constraining. Another important issue 
to address is the validation of the VPs by developing guidelines and best practices. 
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In dentistry, VPs were introduced early in the preclinical curriculum as a way to 
enhance the acquisition of clinical skills and used in the clinical curriculum as a way to 
ensure an experiential encounter with common disorders during clinical training. 
The sustained use of the VPs over time is encouraging and seems to confirm that the 
Web-SP system provides an interactive format that can be used for both teaching and 
assessment purposes in dentistry. Likely sustainability was influenced by the faculty’s 
endorsement and continued use of Web-SP over four years. Sustainability was further 
influenced by the faculty’s integration of Web-SP into their classroom teaching. 
 
Web-SP was built with support for flexibility and evolution, therefore further 
improvements of the modules and a better customization of the design, structure and 
content at all levels (component, categories, items available) are possible and needed, 
and will most likely improve the systems’ usability, acceptance and applicability. 
Moreover the implementation of the emerging VP-XML standard will enable 
interoperability, accessibility and reusability of the VPs created by faculty. 
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8 FUTURE WORK 
 
A major project and system development endeavour like Web-SP cannot be seen as 
ever finished. There are many issues in terms of both further system development and 
new research studies that might (or should) be undertaken. Some thoughts about this 
are listed below. 
 
Development of the Web-SP system 
The further development of the Web-SP system should be driven by evidence from our 
own studies and published scientific articles. A research design similar to study IV may 
be employed to investigate each module and component of the system. 
 
Learning 
Virtual patient goes beyond the recall of factual information to deeper levels of learning 
exemplified by clinical problem solving. Interesting research questions that look at 
effects are: how to measure effectiveness of VPs, what features promote effective 
learning and when are VPs more effective than other methods 
 
Assessment 
The use of VPs for assessment has attracted much interest in recent years, but before 
such exams can be implemented in a reliable way, a number of issues should be 
studied. These include: 
To find reliable and valid methods to assess critical thinking, problem solving and 
deeper understanding in higher education programs using VPs. 
Experiments with different scoring methods, using graded scoring and potentially 
critical items, to see if these innovative scoring methods improve the correlation of 
student outcomes when tested with VPs compared to golden standards (Zary et al. 
2006). 
 
An effective use of Web-SP for assessment would also require additional development 
of the system to include e.g. an assessment module. 
 
Sharing 
The requests by VP authors and course directors for the possibility to share Virtual 
Patient cases are increasing. The subject remains to be studied although efforts have 
been already undertaken to create a tool to import and export VPs.  This work will be 
aligned with the open data standard developed by the MedBiquitous consortium 
(Medbiq 2007). 
 
 
 
The journey continues on http://www.virtualpatients.net. 
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10 SAMMANFATTNING (SUMMARY IN SWEDISH) 
 
Virtuella simuleringar av patientmöten har på senare tid blivit ett allt viktigare 
komplement inom utvecklandet av vårdkompetens. Virtuella patienter (VP) är 
interaktiva datorprogram som simulerar faktiska kliniska scenarier. De medger ett 
effektivt sätt för vårdpersonal och studenter att sätta sig in i ett brett spektrum av 
kliniska områden och detta i en virtuell och därför säker miljö. 
 
Syftet med detta arbete var att systematiskt designa och utveckla ett system för VP 
(Web-SP), evaluera dess användbarhet, acceptans och applicerbarhet i vårdvetenskaplig 
undervisning. Samt att använda Web-SP som ett forskningsverktyg för att ta fram bevis 
för ”best practise” avseende författande och implementering av VP i vårdvetenskapliga 
utbildningsprogram avseende lärande och utvärdering. 
 
Fyra studier genomfördes. Studie I fokuserade på design och utveckling av systemet 
Web-SP med målet att möjliggöra skapandet av VP för lärare. Studie II syftade till att 
evaluera användbarhet, acceptans och applicerbarhet av Web-SP i kurser inom medicin, 
odontologi och farmaci. Studie III utforskade vikten av feedbackmodulen och dess 
påverkan på användandet av VP hos studenter. Studie IV var en randomiserad 
kontrollstudie (RCT) som undersökte hur den kliniska introduktionsdelen påverkade 
intervjuresonemang och terapeutiska beslut. 
 
Utvärderingen av användbarheten och acceptansen av Web-SP, likväl som den 
inbyggda editeringsmiljön gav positiva resultat. De VP som lärarna skapade upplevde 
studenterna som engagerande, realistiska, roliga att använda och relevanta för de kurser 
i vilka de användes. Web-SPs användbarhet visades genom att det integrerades i tre 
olika vårdvetenskapliga kurser och användes i prekliniska och kliniska sammanhang. 
 
De experimentella studiernas resultat visade att studenterna föredrog VP med feedback 
jämfört med VP utan feedback. Tillgången till feedback medförde dessutom ett djupare 
engagemang i aktuell VP. Den randomiserade kontrollstudien visade att mängden data i 
introduktionsdelen inte verkar göra någon skillnad avseende resonerandet kring 
anamnesupptagningen eller terapeutiska beslut. Ett fynd av vikt när Web-SP används 
för att utvärdera studenters prestation. 
 
Den tilltagande användningen av Web-SP vid flera universitet öppnar upp möjligheter 
för samarbete kring planerande och genomförande av studier för att få fram avgörande 
bevis, samt möjliggör andra vetenskapliga metoder och systematisk granskning. 
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