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Training interpersonal skills requires availability, standardization, and diversity of practice 

interpersonal scenarios.  To meet these requirements, we proposed a concept for an interpersonal 

simulator with a natural interface.  We implemented a proof-of concept, called the IPS.  We 

demonstrated that the IPS elicited user performance that was indicative of real world 

interpersonal skills, making the IPS a powerful tool for interpersonal skills education.  

To do this, we collaborated with healthcare educators to construct an interpersonal skills 

training experience using the IPS, called the VOSCE.  The VOSCE simulated a patient 

encounter, and provided feedback on user performance.  By conducting pilot studies with the 

VOSCE, we assessed and improved the usability and acceptability of the IPS for interpersonal 

skills training.   

Next, we demonstrated the validity of the VOSCE.  An experiment was conducted, which 

compared user performance in the VOSCE to user performance in a similar real-life interaction.  

Results showed that performance was significantly correlated, implying that the VOSCE was a 

valid interpersonal skills evaluation tool.  

Finally, we demonstrated that changes to the natural interface of the IPS influenced user 

performance.  A significant component of the IPS was the visual display.  To provide insight into 
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how changing the visual display component affected interaction with a virtual human, we 

designed two comparative user studies.  The first study compared two immersive visual displays 

– a large-screen projection display and a more immersive head-mounted display.  Results 

suggested that higher immersion may impair users’ ability to accurately reflect upon their own 

performance.  Participants in the head-mounted display condition were less accurate in 

evaluating their use of empathy. 

Following up on results from the first study, the second study compared two non 

immersive visual displays—a plasma television and a smaller computer monitor. Results 

suggested that displays that enable life-size scale virtual humans enhance user performance.  

Participants in the plasma television condition were more engaged, empathetic, pleasant, and 

natural. 
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CHAPTER 1 
INTRODUCTION 

Virtual humans, computer generated characters that have human aesthetic qualities, are 

different from conventional interfaces.  Virtual humans can communicate information to the user 

through social channels (e.g.,, speech, facial expressions, gestures, posture).  Whereas many 

researchers are trying to understand how to leverage the communication power of virtual humans 

to enhance the effectiveness of existing computer applications (e.g.,, tutoring systems), our 

research takes a different approach.  We research a novel class of virtual human application, a 

virtual human experience, where the user’s task is the interaction with the virtual human.  In this 

work, our goal was to enable virtual human experiences that had a realistic social impact on 

users, i.e. users gain experience for interactions with real human partners through interactions 

with the virtual human partners.  This dissertation presents my contributions towards that goal 

with the following: 

• The InterPersonal Simulator (IPS), a system designed with a natural interface to virtual 
human agents. 

• The application of the IPS to support medical interpersonal skills education, one of the 
many application areas that would benefit from virtual human experiences. 

• Identification of the power and limitations of the IPS through pilot studies designed to 
assess and improve usability and acceptability. 

• The first validation for virtual human experiences to evaluate the extent to which virtual 
human experiences elicit real world interpersonal skills. 

• Understanding the impact of the visual display system on user performance. 

1.1 Driving Issues 

1.1.1 Motivation: Enhance Interpersonal Skills Training 

Fields such as the health care, military, business, and psychotherapy have had difficulties 

with the education, training, and remediation of interpersonal skills [1], [2], [3], [4].  These 
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issues have been addressed with mock experiences (using actors), which have been largely 

successful [4], [5], [6].  However, there are significant logistical issues with respects to:  

• Availability: Providing the quantity of needed practice sessions 

• Diversity: Providing a rich set of training scenarios featuring physically, culturally, and 
racially diverse partners  

• Feedback: Providing consistent, objective student ratings and suggestions for 
improvement 

• Standardization: Providing the same experiences and opportunities for all students  

• Cost-Effectiveness: Providing and maintaining facilities and personnel for actor-based 
training  

Virtual human experiences are a significant tool to address these human-human training 

logistical issues.  The power of virtual humans is that they are computational artifacts, enabling 

training opportunities that are not possible using real humans.  

Availability and standardization of virtual human experiences could greatly exceed what 

could be provided with mock experiences.  Virtual human experiences could be used at any time, 

could be exactly duplicated, and thus could provide the same experience at the same quality level 

to all students.  Students could practice with the virtual human experience at their convenience as 

often as time allowed.  Educators could ensure that students were provided the same educational 

opportunities as other students independent of time and location, and could provide a consistent 

evaluation platform.  

Feedback, an essential component to learning, could also be enhanced with virtual human 

experiences.  Virtual human experiences could log the events that took place during an 

interaction.  By analyzing the event log, virtual human experiences could provide users with a 

critique, providing praise, and offering suggestions for improvements.  Virtual human 

experiences could always provide this feedback, and do so in a consistent manner for all 

15 



 

students.  In addition, the feedback could be at the expert level, allowing students to get quality 

feedback without requiring an expert observer to be present.  

Diversity is perhaps the most compelling reason to develop virtual human experiences.  

Virtual human experiences could simulate scenarios that students would otherwise never 

encounter in training, encounter too infrequently, or take place in a setting inappropriate for 

practice.  Virtual humans could be modeled with a wide variety of human aesthetic 

characteristics, such as coloring of the skin and eyes, and physical deformities.  Additionally, 

virtual humans could be programmed to demonstrate a variety of behavioral characteristics, such 

as eye movement disorders (e.g.,, “lazy eye”).  Furthermore, virtual human experiences could 

simulate dangerous or exotic training environments (e.g.,, battlefield).  

Cost-effective training could be provided by virtual human experiences.  This is largely 

because of the re-usability of the experiences.  Creating a scenario (as opposed to actor training) 

is a one-time cost.  In addition, the aesthetics and behavior of the virtual human are independent 

of each other, meaning that scenario changes and maintenance (e.g.,, changing aesthetic qualities 

(e.g.,, skin tone, body type) are inexpensive.  

We are not advocating the replacement of mock experiences with virtual human 

experiences.  However, we do propose that virtual human experiences could effectively augment 

mock experiences.  This approach would incorporate both the high fidelity interaction possible in 

mock experiences, and the logistical benefits of virtual human experiences.  

1.1.2 Challenges in Creating Effective Virtual Human Experiences 

To optimize the benefit of virtual human experiences, the goal has been to get users to take 

their virtual human partner seriously, i.e. to treat the virtual human as a real human.  However, 

using virtual humans as partners in interpersonal skills training has involved significant 

challenges in modeling realistic virtual human aesthetics, behavior, and interaction. 
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The aesthetics of some virtual human models have approached human-level realism; 

however, graphics hardware has not yet been able to render these models in real-time.  In 

addition, the virtual humans have needed to be rendered onto displays that reduce the realism of 

the virtual human.  These imperfect virtual humans may face the uncanny valley phenomenon 

from robotics [7].  As virtual humans approach human level realism, they may become eerie and 

disturbing to users. 

Generating realistic virtual human behavior has also been challenging.  The state-of-the-art 

in artificial intelligence is not able simulate normal adult human-level intelligent behavior [8].  

Further complicating virtual human behavior, the driving mechanisms behind real human 

behavior are still largely unknown. 

Providing realistic interaction capability to virtual humans has also been a difficult 

challenge.  Virtual humans need to be able to sense the user.  While sensing and recognition 

technology for all five human senses exists, these technologies are limited when compared to the 

fidelity of real human senses.  To achieve higher fidelity, many technologies increase user 

encumbrance (e.g.,, headset microphone, active marker-based tracking system). 

By intertwining realistic appearance, behavior, and interaction capabilities, a natural 

interface could be created between the user and the underlying virtual human simulation.  

Previous research had suggested that a natural interface would reduce the user’s cognitive load, 

allowing the user to concentrate more on application goals, and less on the computer interface 

[9], [10]  Natural interfaces had also been shown to allow training to transfer directly to the real 

experience [11], [12].   

Natural interfaces for virtual human experiences present the unique issues discussed above, 

and therefore have challenges in terms of usability, acceptability, and validity.  Thus, the specific 
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challenge we have addressed is to design and demonstrate a natural interface to a virtual human 

experience that has usability, acceptability, and validity. 

1.2 Thesis Statement 

We introduce the concept of an interpersonal simulator.  Similar to a flight simulator, 

which simulates the experience of flying a plane, an interpersonal simulator simulates the 

experience of being with people. 

Thesis statement: An interpersonal simulator with a natural 
interface to virtual human agents elicits performance that is 
predictive of the user’s real-world interpersonal skills. 

1.3 Overview of Approach 

Our approach to demonstrating the truth of this thesis statement was the following.  We 

first designed an interpersonal simulator with a natural interface, the InterPersonal Simulator 

(IPS).  Next, we applied the IPS to interpersonal skills training in healthcare education.  Using 

healthcare students as participants, pilot studies assessed and improved the usability and 

acceptability of the IPS for the application.  Then, a validation experiment tested the thesis.  

Finally, experiments on the visual display system demonstrated that changing the natural 

interface influenced user performance in interpersonal skills training. 

1.3.1 Interpersonal Simulation with a Natural Interface 

Beginning with the interaction requirements of interpersonal skills training, we designed a 

working prototype, the Interpersonal Simulator (IPS).  The IPS was designed heuristically based-

on available, well-known interface, modeling, and simulation technologies (e.g.,, speech 

recognition, user tracking, virtual reality rendering, virtual human models and animation tools, 

and conversational agents).   
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Figure 1-1.  User gestures to a life-size virtual human and asks, "Does it hurt here?"  The lighted 

spheres support user tracking 

The design of the IPS was novel because the set of actions the user performed, and what 

the user perceived was consistent with a similar real human experience.  The interface 

intentionally did not support artificial means of interaction, such as providing a typing or 

command-based interface.   

The IPS enabled users to naturally speak and gesture to virtual human agents.  Further, the 

interface was symmetrical.  The virtual humans were aware of the presence of the user, and 

naturally spoke, gestured, and expressed emotions (verbally and non-verbally).  Finally, the 

interaction was directed at and came from life-size virtual humans.   

As seen in Figure 1-1, the user could interact naturally with a virtual human projected on a 

wall without the aid of specialized input devices.  Only passive sensors (e.g.,, headset 

microphone, tracking markers), which did not require user attention, were used as input.  Details 

of the IPS components are discussed in Chapter 3. 
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1.3.2 Virtual Human Experiences Using the IPS: The VOSCE 

To serve as a test-bed for studying and improving the natural interface of the IPS, a virtual 

human experience was created using the IPS to train interpersonal skills in healthcare.  This was 

because 1) training in interpersonal skills showed significant improvement in real-world patient 

care [13], [14] and 2) poor interpersonal skills were positively correlated with medical 

malpractice litigation [15]. As a result, it has been increasingly necessary to teach and evaluate 

medical students on these skills [16], [17]. 

 

Figure 1-2. Virtual humans in the first Virtual Objective Structured Clinical Examination 
(VOSCE).  On the left is the virtual patient DIANA, who complains of abdominal 
pain.  On the right is the virtual instructor VIC, who provides constructive, expert 
feedback to the student after the interaction. 

Students initially learn how to interact effectively with patients through reading material 

and lectures.  To reinforce this knowledge, students apply it in practical experiences.  However, 
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providing real experiences for students is often impractical (e.g.,, for hundreds of students), 

prohibitive (e.g.,, unwilling patients), expensive (e.g.,, supervising doctor’s time), unethical 

(e.g.,, cultural diversity training) or unavailable (e.g.,, uncommon patient cases).  As discussed in 

Section 1.1, mock experiences address many of these issues, but not all.  To enhance the training 

process, a virtual human experience was developed to augment mock experiences. 

Based on its similarity to the mock experiences used for testing medical students’ clinical 

skills, Objective Structured Clinical Examinations (OSCEs) [5], the virtual human experience 

was named the Virtual OSCE (VOSCE).  Two virtual humans used the first scenario for VOSCE 

are shown in Figure 1-2.  One virtual human played the role of a patient, while the other played 

the role of an instructor.  The patient for the initial case was DIANA (Digital Animated Avatar).  

DIANA came into the clinic complaining of pain in her lower right side.  In medical 

terminology, this case is known as Acute Abdominal Pain (AAP). 

The goal for the medical student was to perform the initial stages of a patient interview.  

This consisted of determining the chief complaint (e.g.,, why the patient came to the clinic), 

gathering patient history information (e.g.,, social history, sexual history), and providing a 

preliminary diagnosis and treatment plan.  Afterwards the virtual human instructor, VIC (Virtual 

Interactive Character) provided constructive, expert feedback to the participant in the form of 

praise for appropriate actions, and suggestions for improvement.   

The AAP case was chosen because it was a common training scenario used with 

standardized patients.  It also emphasized the patient interview portion of a clinical encounter (as 

opposed to the physical examination).  Finally, the case could be simulated by a mock 

experience.  This meant that a mock experience could be used as a standard of comparison.    
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1.3.3 Usability and Acceptability of the VOSCE 

Usability and acceptability are important considerations for user interfaces, and are 

especially important for novel user interfaces and applications, such as the natural interface of 

the IPS and the VOSCE application [18].  To assess and improve the usability and acceptability 

of the IPS and VOSCE, our approach was end-user evaluation.  Medical students were recruited 

as participants.  In addition, the VOSCE was incorporated into a mock-experience training 

facility for study.  This supported the ecological validity of the studies, and increased immersion. 

Two studies were conducted where medical students interacted in the VOSCE, and 

afterwards reported their overall impressions of the experience.  The studies revealed that the 

VOSCE was accepted by medical students as an interpersonal skills education platform.  

Specifically, speech interaction, life-size virtual humans, and the feedback from the virtual 

instructor were highlighted as important aspects of the IPS.  Participants commented that the 

VOSCE was a significant addition to current interpersonal skills training tools.  Finally, the 

VOSCE appeared able to differentiate between students with different experience levels, 

suggesting validity for evaluation.  Further details on the usability and acceptability studies is 

given in Chapter 3.   

1.3.4 Validity of the VOSCE 

Validation was an important step towards integrating the VOSCE into healthcare 

education.  Similar validation steps had been conducted for other medical simulators [19], [20], 

enabling widespread adoption of the simulators.  For the VOSCE, validation meant 

demonstrating effectiveness as an environment for interpersonal skills training.  

An experiment was conducted to provide validation support for the VOSCE.  The method 

of validation was to compare student performance in the VOSCE to same-student performance in 

a validated mock experience (an OSCE).  In the OSCE, students were evaluated by expert 
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observers using a checklist of interpersonal skills (Appendix A.3).  The same metric was used to 

evaluate students in the VOSCE.  The validity of the VOSCE was the extent to which the 

students’ scores correlated, and had the same magnitude.   

For the experiment, the virtual human experience was integrated directly into an OSCE 

practice session as part of a medical education course.  Participant performance in VOSCE was 

compared to the participant performance in the OSCE.  There was a significant correlation 

(r(31)=.49, p<.005) between the overall score in the VOSCE and the overall score in the OSCE.  

This meant that the interaction skills used with a virtual human translated to the interaction skills 

used with a real human.  Students automatically exhibited skills learned for real human 

experiences in virtual human experience.  For educators, this meant that the VOSCE could be 

used to identify students who needed additional practice without taking up the expensive OSCE 

resource.  In addition, it demonstrated that the natural interface of the IPS elicited performance 

predictive of users’ real-world interpersonal skills.  

1.3.5 Roles of Visual Display in Virtual Human Experiences 

Given the usable, validated VOSCE, we wanted to understand how changes to the natural 

interface affected user performance.  To test the relationship between interface and user 

performance, we evaluated the choice of visual display system.  Alternative visual displays had 

been proposed for the IPS (e.g.,, head-mounted displays, large screen televisions, and monitors); 

however, little empirical evidence existed to select one display over the other.  In fact, 

understanding how visual displays impacted user perception, and ultimately cognition and 

behavior had been identified as a important open challenge in interface research [21]. 

To evaluate the choice of display system for the VOSCE, we conducted two user studies.  

The first study compared two immersive displays, a head-mounted (HMD) and a fish-tank 

projection (FTPD).  We analyzed observer ratings of individual medical and pharmacy students 
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interviewing a virtual human patient.  In addition, we analyzed students’ self-evaluations.  

Results showed that participants in the FTPD condition were more critical of their own 

performance.  They were also more accurate in their self-evaluation as compared to observed 

behavior.  This suggests that the type of display is an important factor in user cognition about an 

experience.  While more immersive than the FTPD, the HMD was also more surreal, and 

unfamiliar.  Thus, many participants did not reflect upon the experience as real.   

The second study looked at non-immersive displays, large plasma television (PTV), and 

small computer monitor (MON).  Results showed that participants in the PTV condition (life-size 

virtual human) had increased performance.  They were more engaged, empathetic, pleasant, and 

natural than participants in the MON condition (small-scale virtual human).  This suggests that 

life-size scale virtual humans are treated more like real humans.  In addition, participants in the 

PTV condition were also more critical of their own performance.  Combined with the similar 

effect observed in the immersion study, this is strong evidence that the type of display affects 

user cognition. 

Overall, the results from both studies suggest that the visual display component of the 

natural interface is an important consideration for virtual human experiences used for training.  

Under different display configurations, users perform differently, they remember the experience 

differently, and thus they train differently.  

1.4 Innovations 

Our innovations were in designing, validating, and understanding an interpersonal 

simulator for interpersonal skills training.  We took an innovative approach to designing the IPS, 

using a natural interface that featured realistic virtual humans, user tracking, large-screen 

displays, speech interaction, and gesture interaction.  We applied the IPS to healthcare education, 

creating a virtual human experience called the VOSCE.  The VOSCE provided the first forum 
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for medical students to virtually practice and obtain feedback on their interpersonal skills with 

patients.  By conducting usability and acceptability studies of the VOSCE with healthcare 

students, the VOSCE moved from being a prototype to a system that has been widely accepted 

and successfully used by over 400 healthcare students internationally.  The VOSCE is the first 

virtual human experience to our knowledge to be used significantly by end-users and to provide 

benefit in the real world. 

Validity has also been shown for the VOSCE as test of interpersonal skills.  By comparing 

same-student interactions in existing mock experiences (with trained actors) and virtual human 

experiences in the IPS, we found a significant correlation in students evaluated interpersonal 

skills.  An interaction with a virtual human in the IPS predicted students’ real-world 

interpersonal skills.  Building upon previous results that showed users have reactions to virtual 

humans similar to from real people, this result showed that users have similar performance with 

virtual humans. 

Finally, we provided insights into how user performance is influenced by changing the 

natural interface design.  We compared alternatives to an important component of the interface, 

the visual display.  We found that large-screen displays, which afforded life-size virtual humans, 

enhanced user self-reflection and performance relative to both head-mounted displays and small-

screen displays. 
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CHAPTER 2 
REVIEW OF LITERATURE 

The focus of this chapter is on previous research relevant to the general goal of this body 

of work, affecting users with virtual humans.  Other related work is given in chapters 3-5, which 

deal with specific components of this dissertation.  

The chapter is divided into three sections.  The first section discusses the impact of virtual 

humans on users.  It describes theoretical foundations and user studies pertaining to how and 

why users respond socially to virtual humans.  The second section discusses existing 

applications-oriented virtual human experiences that are similar in spirit to the IPS.  It compares 

and contrasts existing system architectures and objectives to the IPS.  The last section discusses 

the pedagogy involved in interpersonal skills training with simulations.  It fits the IPS into the 

existing pedagogical framework developed for interpersonal skills training in medicine and 

similar fields. 

2.1 Social Responses to Virtual Humans 

2.1.1 Theoretical Foundation: Social Responses to Computers 

Nass et al. have presented multiple studies, which suggested that social responses to 

computers are mindless [22], [23].  They claimed that mindless social responses to computers are 

pervasive, unaffected by computer expertise or other human factors.  In user studies, they found 

that, despite conscious denial that the computer was in any way a social actor, controlled by a 

human, or associated with a programmer, users demonstrated social behavior, applied social 

stereotypes, and had social expectations of the computer.  To elicit such mindless actions, only 

minimal social cues were necessary.  For example, a study was presented that showed that 

participants applied gender stereotypes to a computer program.  The program used a dominant 

female or male voice to evaluate the user.  Consistent with gender stereotypes, participants found 
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the evaluation more compelling from the male voiced computer.  Further, users were entirely 

unaware of the application of stereotypes to computers. 

Computer programs with minimal social cues elicited realistic social responses from users.  

Thus, it was suggested that users would have powerful social responses to virtual humans.  This 

was because virtual humans had the full complement of verbal and non-verbal social cues.  

However Nass et al. pointed out that, while “perfect” virtual humans were likely to elicit the 

strongest social responses, virtual human technology was not perfect [23].  Real-time, realistic 

appearing virtual humans have been demonstrated [24]; however, simulations governing the 

virtual human’s autonomous cognition and behavior were not yet (or may never be) realistic 

enough to fool a human judge [8].  In most computer applications, user expectations of human-

like behavior are low, and hence users have unexpected subconscious reactions to them when the 

computer exhibits human-like behavior.  How do user expectations and reactions change when 

the user is interacting with a virtual human? 

This question establishes the foundation for human-virtual human interaction research.  

Researchers have sought to identify the factors that influence the type and power of social 

responses elicited by virtual humans.  System factors (e.g.,, displays, tracking lag, input devices), 

virtual human factors (e.g.,, appearance, behavior), environment factors (e.g.,, setting, outside 

distractions), and human factors (e.g.,, gender, expertise), may all influence user responses to 

virtual humans.  For the virtual human experience in this work, we were particularly interested in 

realistic responses – the responses that a similar real human experience would be expected to 

elicit.   

2.1.2 Using Virtual Humans to Elicit Social Responses 

Early work on human-virtual human interaction has shown that people have powerful, 

realistic responses to virtual humans.  This has been particularly evident in an emerging field 
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called virtual reality exposure therapy (VRET), where virtual reality has been used to augment 

real exposure therapy for psychological conditions [25].  Virtual humans are powerful additions 

to the virtual environments.  Many researchers had demonstrated that social responses associated 

with the common phobias related to social anxiety (e.g.,, fear of public speaking) are elicited by 

virtual audiences [3], [26], [27], [28], [29].  Further, social anxiety could be manipulated by the 

type of audience [30]. Positive, friendly audiences reduced anxiety and negative, unfriendly 

audiences increased anxiety. 

Virtual humans could also elicit powerful responses even when they were not the focus of 

attention.  In treating nicotine addiction, Bordnick et al compared different virtual scenes to 

understand which scenes elicited the highest cravings [31].  It was found that cravings were 

highest when the virtual environment was a social situation with virtual humans.  Smoking was 

often seen an enjoyable social activity, and the addition of virtual humans provided the social 

triggers to increase cravings. 

Outside of VRET, others have replicated real world social phenomena with virtual 

humans.  Using virtual humans, Zanbaka et al. replicated psychological studies on social 

inhibition [32].  Social inhibition occurred during complex tasks when a virtual human was 

“watching” the participant.  Bailenson et al. replicated proxemics effects (distances maintained 

during social interactions) with virtual humans [33].  The distance maintained between the 

participants and the virtual humans matched that of real social interactions.  Slater et al. 

replicated the Stanley Milgram obedience experiments using virtual humans [34].  In the 

experiment, participants administered increasingly powerful electrical shocks to a virtual human 

when the virtual human answered questions incorrectly.  Similar to Milgram’s experiment, they 

found that participants often refused to give shocks, delayed in giving the shocks, and that being 
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able to see both the verbal and non-verbal response, as opposed to just the verbal response (text), 

of the virtual human made the user response more powerful. 

2.1.3 Impact of Virtual Human Factors on Social Responses to Virtual Humans 

Comparative experiments have found that social responses to virtual humans could be 

manipulated by adjusting virtual human factors, particularly gaze and appearance.  Fukayama et 

al. used a two state Markov model that controlled the amount, duration, and point of interest of a 

virtual agent  [35].  They found that they could control the user’s impression of the virtual agent 

by setting the parameters of the model to those found to create similar impressions between real 

humans.  In related work, using a teleconferencing application, Garau et al. found that an avatar 

whose gaze was consistent with conversational flow was more beneficial than an avatar who 

randomly gazed at the user [36].  A later study by Garau et al. found a significant interaction 

effect on copresence (the phenomenon of feeling “with” another person) between visual realism 

and gaze in an immersive collaborative virtual environment.  They suggested that it is important 

to match avatar visual realism to gaze behavior realism [37].  Bailenson et al. extended this result 

to agents, finding that self-report (copresence questionnaire), cognitive (memory of avatar), and 

behavioral (interpersonal distance) markers of copresence were highest when visual and 

behavioral realism were matched [33].   

2.2 Virtual Human Experiences 

Others have created research systems similar to the IPS.  The systems feature virtual 

humans that have a realistic (as apposed to cartoonish) appearance and animation.  In addition, 

the user is a primary input to the virtual human simulation.  Actions taken by the user re 

expected to influence the virtual human, and elicit responses from the virtual human that are 

relevant to the user actions.  This is in contrast to the systems discussed in section 2.1.3, where 

the user was mostly a passive observer, and the virtual human was following a pre-scripted 
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sequence.  The added dimensions of interaction increased the potential applications of virtual 

humans. 

Researchers at RTI International have developed Responsive Virtual Human Technology 

that has been applied to skills training for clinical examinations [38], informed consent 

interviews [39], police witness interviewing [40], and battlefield operations [41].  Users 

interacted with virtual humans displayed on a standard PC monitor.  A speech interface 

supported natural verbal interaction with the virtual humans.  While the systems did not afford 

natural non-verbal interaction, selection-based interfaces afforded artificial non-verbal 

interaction.  In the clinical examination skills training application, users conducted the interview 

portion by talking, and then switched to the selection interface to perform the physical 

examination.   

Immersive virtual human systems have been created by researchers at the University Of 

Southern California Institute for Creative Technologies (ICT).  An example is the mission 

rehearsal exercise system (MRE)[1].  In the MRE system, users could hold conversations with 

virtual human soldiers, enemy combatants, and civilians displayed using immersive projection 

technology.  Another example was is Sergeant Blackwell, a demo system where a user can talk 

to a life-size virtual human standing in a doorway [42].  The Blackwell demo uses a see through 

screen that makes the virtual human appear at life-size, floating in space. 

The IPS is different from these systems in some important ways.  First, the IPS affords 

both verbal and non-verbal communication with virtual humans, and provides tracking 

technology so the virtual human can be aware of the user’s physical location (Chapter 3).  In 

addition, the IPS has only natural interface features, explicitly avoiding any selection based 
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interfaces.  Furthermore, the IPS uses virtual reality rendering and displays.  The display system 

is an important part of creating realistic interactions (Chapter 5).  

Other virtual human systems have had feature sets similar to the IPS, and focus on a 

different type of dialog.  The most common types are information seeking and storytelling.  In 

information seeking dialogs, the virtual human assists the user.  Two notable systems are REA, 

and MACK.  The REA system communicates information about real estate [43].  The MACK 

system is an interactive information kiosk offering directions around a university campus [44].   

Interactive storytelling systems also featured dialogs with virtual humans.  Applications of 

storytelling systems include museum guides [45], and playing partners for autistic children [46].  

In these applications, the virtual human typically dominates the dialog.  The dialog consists of 

the virtual human telling a story with occasional input from the user.  The user directs where the 

story leads. 

These systems have supported speech and gesture interaction, and have used large screen 

displays to create life-size virtual humans.  However, the intent has not been to create a virtual 

human experience where the user treats the virtual human as a real human.  Rather, interaction 

techniques from real-human dialogs are used to make interactions with the virtual human more 

successful. 

2.3 Learning with Interpersonal Simulations 

Pedagogical objectives are often specific to the particular field, although learning can be 

generalized into three domains—cognitive [47], affective [48], and psychomotor [49].  The 

cognitive domain is associated with the acquisition of knowledge and problem solving.  For 

interpersonal skills, this was the knowledge of what should be communicated, and how it should 

be communicated.  The affective domain is associated with managing feelings, attitudes, and 

developing values (e.g.,, medical ethics).  For interpersonal skills, this is showing respect for 
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others, managing impressions, and conveying understanding.  Finally, the psychomotor domain 

is associated with motor-skills training.  This means learning to integrate physical movement and 

perception.  For interpersonal skills, this is detecting non-verbal behavior, and managing ones 

own non-verbal behavior.  

 

Figure 2-1. Example text and selection based interface for interpersonal skills education. 

Existing interpersonal skills training tools supported learning in the cognitive domain.  

They typically use selection-based input, with text, still-motion, or video based responses [50], 

[51].  Figure 2-1 shows an example of a text and selection based interface.  Using such an 

interface, students could learn decision-making, and problem solving skills. 

The affective domain had received less attention from computer-based learning, as 

computers have not typically been intended to process or display emotions and motivations, 

although this is changing [52].  One of our goals was to be able to identify users who did not 

treat the virtual human with the respect typically given to a real human.  The virtual human 

should naturally elicit this respect, engaging the user, and reciprocating the respect.   
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The psychomotor domain requires supporting natural, real-time interaction with the virtual 

human because the best known way to learn a psychomotor skill was through “practice-

feedback-practice-feedback etc” [4].  Research in this area is active, with many systems 

supporting speech and gesture interaction [43], [53].  One of the needs of this research is to 

validate such methods [54].
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CHAPTER 3 
DEVELOPING THE VIRTUAL HUMAN EXPERIENCE 

This chapter describes the development of the IPS system and pilot studies on usability and 

acceptability.  This work was published in the proceedings of the IEEE Conference on Virtual 

Reality 2005 [55], and an extended version was published in the journal Presence: Teleoperators 

and Virtual Environments [56].  Significant details have been added relating to the system 

architecture. 

Personal contributions:   I developed overall system architecture, which integrated the 

various components of the system, as well as the majority of the individual software components.  

The individual components I developed were the rendering, agent, and gesture systems.  I also 

designed and conducted the user studies, and performed the data analysis.   

Collaborators:  Andrew Raij enabled VIC to give students feedback on their performance 

and assisted with user studies.  Cyrus Harrison, Jonathan Jackson, and Min Shin developed the 

tracking algorithms used in this particular work.  Robert Dickerson assisted with user studies, 

and system testing.  Medical collaborators, Amy Stevens, D. Scott Lind, and Jonathan Hernandez 

provided background information on the medical scenario, and recruited medical students for 

user studies. 

Relevance to thesis:  The thesis statement begins, “An interpersonal simulator with a 

natural interface to virtual human agents ….”  Prior to this work, no virtual human experience 

had afforded the degree of naturalness we were proposing (unprompted speech, gestures, life-

size aware virtual humans) and for as complex an application (interpersonal skills training).  It 

was uncertain how such a system could be created that end-users could use, and would accept as 

an interpersonal skills training tool. 
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3.1 Introduction 

 “Doctor, I have a pain in my side!  Please make it go away!” 

Training future healthcare practitioners on how to diagnose and handle this common 

patient complaint, called Acute Abdominal Pain (AAP), is a challenge for healthcare educators.  

Typically, interpersonal skills education consists of reading material and lectures, and then 

includes mock experiences (actors trained to represent specific conditions, see Figure 3-1).  

Later, an apprenticeship model is employed where the student observes an expert, and then 

gradually takes over.  Current methods for learning interpersonal skills have repetition, 

experience diversity, quality control (keeping the experience consistent across students), and 

effectiveness concerns.   

 
Figure 3-1 (Right) A patient complains of abdominal pain.  (Left) The doctor must interview the 

patient to get relevant information for a diagnosis. 
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Researchers have been exploring the benefits of simulating real-world social situations 

with virtual humans.  USC’s CARTE group applied intelligent agents to pedagogical and training 

applications[57].  The ICT group created experiences to train military personnel in interpersonal 

leadership [1].  Similar in spirit to this work, RTI’s Virtual Standardized Patient is a commercial 

virtual character system for training medical students [38].  Students interact with 3D virtual 

patients displayed on a monitor while using natural speech (with natural language processing), 

and a mouse-based selection interface.   

We aimed to add to this research by providing our experiences in studying the following: 

• Could a more natural interface (such as incorporating life-size displays, head-tracked 
rendering, and gesture recognition) to virtual humans be created that was usable and 
acceptable by end-users for interpersonal skills training? 

• How did end-users act in a natural social experience with a virtual human? 

To answer these questions, we designed and implemented a system, the InterPersonal 

Simulator (IPS), and the test-bed application, the Virtual Objective Structured Clinical 

Examination (VOSCE).  The IPS enables students to interact with a life-size virtual human using 

natural speech and gestures.  The VOSCE is a training experience where students interact with a 

virtual human patient.  An observing virtual expert (also a life-size virtual human) provides 

scenario information and gave immediate feedback on the student’s performance.   

We expected that the natural interface of the IPS facilitated effective training, teaching, 

and testing of interpersonal skills.  We discuss the design of the IPS for that purpose, and report 

quantitative and qualitative results from pilot studies with medical students.  Results showed that 

students used the IPS effectively, and accepted the IPS as a tool for teaching and training. 
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3.2 Simulating Patient-Doctor Interaction 

The IPS system and VOSCE application were derived from discussions with medical 

collaborators.  We asked the question: how could life-size virtual humans provide benefit to 

medical education?   

Whereas many researchers were exploring virtual humans for medicine from a surgical or 

anatomical perspective, our medical collaborators saw the potential of virtual humans in 

simulating early patient-doctor encounters.  The interaction between patients and doctors during 

early diagnosis was identified as an interpersonal scenario 1) which could be simulated despite 

the limits of current technology, 2) where practice was essential, 3) where a natural interface 

was important, and 4) which benefited from immediate feedback. 

Early education of patient-doctor interpersonal skills involves overcoming the anxiety of 

interacting with patients, and learning efficiency and rigor in following the well-defined patient 

interview process.  This process includes asking a set of core questions, listening intently to 

patient responses, and finally developing a list of possible diagnoses and a treatment plan.  We 

believed that such a process could be supported by current technology.  As technology improved, 

high-level components of patient-doctor interaction, such as grief counseling, could be trained.  

Patient-doctor interaction requires substantial first-hand experience to become proficient.  

However, current approaches have provided insufficient opportunities for experience and a 

limited variety of scenarios.  The result has been that many medical students do not have 

sufficient practice in interpersonal skills when they reach the real patient’s bedside.  Increasing 

practice with traditional methods (e.g.,, mock experiences) is costly (e.g.,, instructor time, hiring 

more actors), difficult (e.g.,, cultural diversity training) or impossible (e.g.,, simulating certain 

patient complaints, such as an eye movement disorder).  By augmenting interpersonal training 
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with simulated patient encounters, students would get more experience, and reduced cost.  As an 

added benefit, mock-experiences could focus on higher-level interpersonal skills training.  

It has been found that practicing patient-doctor interaction in mock experiences results in 

improved patient-doctor interpersonal skills [58].  Closely simulating the mock-experience 

process would be essential.  Thus, a natural interface with life-size virtual humans and natural 

interaction would be important. 

An informal survey of a sample of third year medical students attending the University Of 

Florida College Of Medicine highlighted that, although students felt they got adequate 

instruction in interpersonal skills, they received little feedback on their real time performances.  

An interpersonal simulator could provide objective feedback and information during, or 

immediately after the encounter with the virtual human patient. 

3.3 Application: The VOSCE 

We designed the VOSCE based on the Objective Structured Clinical Examination (OSCE).  

An OSCE uses a mock experience to teach, train, and evaluate healthcare students’ clinical 

skills, including their interpersonal skills [5].  Students are required to treat the OSCE as a real 

patient encounter.  They read the chart outside the patient’s door, enter the room, spend 10 

minutes for the patient interview, and then leave.  During training and teaching sessions, the 

student can go back into the room to receive subjective feedback from the patient or teacher 

(e.g.,, did they do a “good” job?).  During evaluation sessions, experts (or in some cases the 

trained actors) evaluate students on their interpersonal skills [59]. 

The primary difference between the VOSCE and the OSCE was the virtual humans.  

DIANA (DIgital ANimated Avatar), a female-looking virtual human, played the role of the 

patient.  VIC (Virtual Interactive Character), a male-looking virtual human, played the role of an 
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observing expert, and gave an objective evaluation of the student at the end of the interaction 

(See Figure 3-2).  

VOSCE Scenario: The scenario involved a 19-year-old Caucasian female with a 

complaint of Acute Abdominal Pain.  Acute abdominal pain (AAP) was defined as follows: 

“The term the acute abdomen refers to the presence of an acute 
attack of abdominal pain that may occur suddenly or gradually 
over a period of several hours.  The patient with this symptom 
complex may confront the surgeon, internist, pediatrician, and 
obstetrician, creating a problem in clinical diagnosis requiring an 
immediate or urgent decision regarding the etiology (cause) and 
method of treatment [60].” 

AAP was chosen because it was one of the most common ailments encountered by doctors.  

It was also a basic scenario in patient-doctor interaction and interpersonal skills education.  The 

process was as follows.  The doctor begins the diagnostic process by asking the patient a series 

of questions about the pain (history of present illness or HPI).  At this stage, the doctor is trying 

to ascertain more information, such as the pain’s location and character, symptoms exhibited, 

family history, current medication, and aggravation if certain motions are performed.  Sample 

questions include “What brought you into the clinic today?”, “How long have you had the 

pain?”, and “On a scale from 1 to 10, please rate the pain.”  The patient’s responses will guide 

the doctor down different routes of questioning.  The doctor evaluates the patient’s response, 

gestures, and physical and auditory cues, such as winces of pain, weight, posture, difficulty in 

making instructed motions, or pointing to specific areas.  Based on asking the appropriate 

questions and evaluating the answers, treatment options can vary from immediate surgery to 

observation. 

Medical educators indicated that common mistakes were omitting questions (e.g.,, sexual 

history), incorrectly asking questions (e.g.,, pointing to the wrong quadrant of the patient’s 

abdomen), or not evaluating and noting the non-verbal cues from the patient’s gestures and 
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verbal responses (e.g.,, recurring cough).  This often leads to incorrect or partially correct 

diagnoses. 

 

VIC – Virtual Instructor

DIANA – Virtual 
Patient 

Medical Student 

Figure 3-2. The (right) student is diagnosing (left) DIANA, a patient with acute abdominal pain, 
while (middle) VIC observes.  The colored headset is for head tracking. 

3.4 System: The IPS 

A patient-doctor encounter similar to the VOSCE had never been simulated by a computer 

system before.  Most existing applications in medicine used standard input (e.g.,, typing, 

selection) and output (e.g.,, text, pictures, and video) modalities [2].  Despite trying to make 

these applications have a narrative style, studies have demonstrated that these approaches are 

seen as artificial and restrictive by students and educators [61].  In addition, all existing 

simulated approaches involved the user interacting with the application on a standard desktop 

computer outside of the normal training environment.  This limited the training benefit of the 
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applications.  Existing applications supported the decision making process, but did not support 

the first-hand experience of physically walking into an examination room and interviewing a 

patient.   

3.4.1 Natural Interface to Face-to-Face Interpersonal Simulations 

The goal of the IPS system design was to support this type of experience; to create a virtual 

human experience that was similar to a face-to-face encounter with another real person.  The 

driving design principle was that the user should interact with virtual human naturally.  There 

would be a natural interface.  Users would perceive a realistic-looking virtual human in the real 

environment and interact with the human through natural interaction modalities (e.g.,, speech, 

gesture).  Underlying this natural interface would be a human agent simulation capable of 

generating symmetrical (i.e. speech, gesture), realistic, appropriate responses to user actions. 

We focused first on the natural interface.  The interface dictates how a user may interact, 

and what the user will perceive.  Thus, the interface establishes the requirements of the 

simulation.  By building and studying an interpersonal simulator with a natural interface, we 

could understand how users would respond to realistic interpersonal simulations and how we 

could improve those simulations. 

The design of the IPS interface is shown in Figure 3-3.  Cameras unobtrusively captured 

visual information, including user position and gestures.  A headset microphone reliably captured 

audio information, i.e. user speech.  Speakers and a large-screen projection display presented the 

audio and graphics of the virtual humans to the user.  This approximated our ideal natural 

interface.  For the scenario, interaction and perception were only limited by the capability of the 

underlying simulation to process the input and render realistic output.  
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Figure 3-3 The IPS interface. 

3.4.2 Interface Implementation 

A stereo camera system was deployed, which used web cameras (30 Hz, 640 x 480).  They 

were placed in the corners of the room, facing the expected location of the user.  The covered 

volume was large enough to observe the user’s full body during typical interaction.  The two 

cameras were connected to a desktop PC (Intel Pentium 4, 3.0 GHz, 2 GB of RAM, ATI Radeon 

9800).  The desktop PC performed 3D stereo reconstruction of the users head and hand position. 

Head and hand position were determined to be the two most important non-verbal features to 

track for the scenario.  

A headset microphone was connected to a tablet PC to capture user speech.  The tablet PC 

(Intel Celeron, 1 GHz, 512 MB RAM, NVIDIA GeForce4 Go 420 graphics card) served as a 
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patient chart, digital notepad for students to take notes, and for speech recognition processing.  

This allowed the user to start the interaction outside of the room because the tablet PC had a 

wireless network card.  The tablet PC and tracking PC were connected via network to another 

desktop PC, which performed gesture recognition, character simulation, animation, and 

audio/video rendering.  Finally, the virtual humans were projected onto a wall of the examination 

room using a projector (NEC LT260, 1024 x 768, 60Hz, 2000 lumens).  The projector enabled a 

high-resolution large-screen that provided enough screen space the two life-size virtual humans.  

It allowed the user to sit at a comfortable, realistic distance away from the virtual humans, while 

providing a high enough resolution to observe facial features and body language.  

3.4.3 Simulation Implementation 

Given the natural interface, we developed a simulation for rendering the virtual humans 

and driving the virtual humans’ behavior.  The simulation architecture is shown in Figure 3-4.  It 

can be divided into perception, cognition, and response systems.  The perception system receives 

input in the form of audio and video capture devices.  The input from the microphone is 

processed into phrases over time by the speech recognition component.  The input from the 

cameras is processed into discrete tracked objects (e.g.,, head, hands).  Then the gesture 

recognition component further processes these signals over time, into gestures.  Given these 

inputs and using a knowledge database of appropriate responses and input, the cognition system 

determines the best response.  The response system generates the spoken utterances (synthesized 

speech) and animation of the virtual human model.  Finally, the virtual human is rendered at life-

size from the perspective of the users. 
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Figure 3-4. Data flow diagram of IPS data processing.  Data is in yellow, and systems are in 
white.  

Perception: The goal of the perception unit was to process the hardware input into the 

necessary data for the cognition and response units.  

For user tracking, collaborators from the University of North Carolina at Charlotte, 

Jonathan Jackson and Min Shin, developed a marker-based color-tracking algorithm that could 

utilize the web cameras.  The markers were unobtrusive, consisting of wrapped cloth.  The 

tracking algorithm is described fully in [62].   

For speech recognition, we used a commercial program, Dragon Naturally Speaking 

Profession 7.0 [63].  We chose this specific recognizer after subjectively comparing performance 

to other popular recognizers (Microsoft Speech Engine, and the open source Sphinx engine).  

Dragon provided a continuous dictation mode so that users did not have to learn and use a 
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command interface to interact.  User training took approximately ten minutes, and resulted in 

approximately ninety percent recognition accuracy changing the user’s speech into text.  The 

recognized text by the speech recognition system was displayed to the user in the lower left hand 

corner of the screen, as seen in Figure 3-5.  This was to allow users to recognize when the speech 

recognition system did not accurately recognize their voice (e.g.,, “howled are you” is a common 

misrecognition of “how old are you”).   

 
Figure 3-5. Student asks, “Does it hurt here?” 

In addition to recognizing speech input, we wanted to incorporate gesture recognition 

because gestures are an important part of human-human interactions.  Commercial body gesture 

recognition solutions were not available.  Thus, we implemented our own scenario specific 

gesture recognition system.  The gesture recognition component used head and hand tracking 

data to detect two types of gestures – pointing, and handshake.  The handshake gesture allowed 
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users to follow typical greeting protocol.  To shake hands with the virtual human, the user simply 

extended his hand in the beginning of the interview (the hand that the tracking marker is fixed 

to).   

A pointing gesture was included as a substitute for a physical examination of the virtual 

human patient.  By pointing to the virtual human, the user could probe various areas of the 

virtual human patient’s body for pain by asking, “Does it hurt here?”, or “Is this where it hurts?”  

(See Figure 3-5)  When the agent detected a pointing reference, it queried the pointing gesture 

recognizer for the most recent, sustained, pointing location (such as lower left abdomen).  The 

pointing direction was computed as the vector from the user’s head position in the direction of 

the user’s hand position.  This vector had been used by others to accurately determine the 

intended pointing direction [64].  A small red dot appeared on the screen where the vector 

intersected the screen plane.  Similar to the speech recognition text, the dot was intended to 

overcome technical difficulties with tracking inaccuracy, reducing user frustration.  

Cognition: The goal of the cognition unit was to understand the natural spoken language 

and gestures of the user, and generate the appropriate response.  

The agent tries to find the best response for the input user utterance and gesture.  The 

responses (speech text and animation commands) are contained in a response database.  Stored 

alongside each response in the database are template sentences and gestures that trigger the 

response.  The agent matches the user utterance and gesture to the closest template, and then 

sends the response to the response unit.  For example, for the response “hello”, there are 

templates “hi”, “hello”, “hello Diana”, “howdy” etc.   

The template matching approach allowed end-users to create and extend the response 

database.  Initially the response database was sparse, consisting of only a few responses and 
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input templates designed by medical faculty.  As end-users (medical students) tested the system, 

more responses and templates were added the database. The current database for the AAP 

scenario has over 200 responses and 900 example inputs.   

The algorithm for matching input to the closest template used a modified Levenshtein 

distance metric [65].  The cost for transforming the current utterance into a known speech 

template was the number of additions and subtractions weighted by the importance of the word 

to the sentence.  A heuristic automatically defines the importance of each word.  The importance 

is set as the inverse frequency of that word in the English language, as defined in [66].  Less 

important words such as “the” and “a” have a high frequency, while key words such as “pain” or 

“location” have low frequencies.  This heuristic enabled the system to choose an appropriate 

response for the majority (> 60%) of user input.  While this accuracy initially seems low, it was 

seen as acceptable by medical educators because it forced students to formulate questions in a 

simple, easy to understand manner.   

Response: The goal of the response unit was to render virtual humans with realistic 

appearance and animation.   

For realistic virtual human models, we used the Haptek full-body characters package [67].  

The Haptek package provided high visual fidelity, physics-based virtual humans.  In addition, the 

package provided an animation system, and tools to create animations.  An API allowed run-time 

access to the models being animated, allowing the characters to be integrated into the main 

application.  Furthermore, many idle animations were included in the package such as blinking, 

breathing, and other subtle body movements that made the characters appear more realistic.  

Finally, the animation system supported setting the virtual human’s gaze direction (always set to 

look at the user), and providing automatic lip-synching to synthesized speech or recorded speech. 
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Speech synthesis was chosen over recorded speech for rapid prototyping, despite sounding 

noticeably artificial.  The speech synthesis system was the Microsoft Text-to-Speech system, 

loaded with the AT&T Crystal Voice: Audrey UK English module.  We chose the UK English 

over the US English because it subjectively sounded the most realistic of the available modules.  

Interestingly, to an observer from the UK, the UK English sounded less realistic.  This highlights 

that user perception of VHs may be impacted by not only system factors (e.g.,, quality of the 

speech recognition), but also human factors, such as age, race, gender, or backgrounds.  

 

Figure 3-6. User perspective correct viewing frustum 

To create an immersive effect, the rendering system rendered the scene from the user’s 

perspective.  This made the virtual environment a natural extension of the room.  In addition, this 

enabled the virtual humans to make positional inferences with respects to real objects without 

having to transform coordinates (e.g.,, where to look at the user).  The effect is similar to looking 
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through a window.  The window in this case is the display surface.  This is a well-known 

technique used many virtual reality displays [68], and the fixed-function graphics pipeline can be 

used to create the effect in hardware (for planar display surfaces).  A graphics frustum is created 

as shown in Figure 3-6. 

3.5 Study I 

Our goal with first pilot study was to determine if the IPS was usable by end-users and the 

VOSCE accepted as a training, teaching, and evaluation tool for interpersonal skills education.  

We wanted to quantify the importance of various technological (e.g.,, life-size virtual humans) 

and logistical (e.g.,, installing the IPS in the training facility) aspects of the experience.  

Moreover, we wanted to quantify the student’s feelings about the believability of the virtual 

human patient as a real patient. 

3.5.1 Design 

The design of the study was that medical students would interview DIANA and get 

feedback from VIC in the AAP VOSCE.  Those students would then rate the system and 

experience.  The VOSCE sessions would also be video recorded so that observers could analyze 

student behavior and system performance.  In addition, students would provide their opinions 

and feelings about the experience.  In this way, we would gain valuable qualitative and 

quantitative data to assess and improve the usability and acceptability of the IPS and VOSCE. 

3.5.1.1 Environment 

We installed the IPS at the Harrell Adult Development and Testing Center at Shands 

Hospitals at the University of Florida.  This testing site was where students interact with hired 

actors in mock experiences.  This was expected to increase the likelihood of students taking the 

experience seriously.  DIANA and VIC were in Examination Room #3.  The examination room 

was a contextually relevant environment, seen in Figure 3-7.  It contained the furniture (e.g.,, 
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hospital bed, sink) and equipment (e.g.,, ophthalmoscope) typically found in a clinical 

environment.  This was expected to enhance the immersion of the student into the experience.  

By leveraging the existing training environment, we prepared students to treat the experience and 

the virtual humans how they would a real experience.  This also added ecological validity to any 

results, as the Harrell Center is the type of training center where the IPS is intended to be 

installed. 

 
Figure 3-7. Examination room in the Harrell Center where the IPS was installed.  The furniture 

during the study was moved to the side of the room. 

There were also logistical benefits to this approach.  Students were familiar with the 

environment, and could easily participate in the study, as it was located near their classrooms and 

study facilities.  In addition, the Harrell Center was designed to conduct OSCEs.  This meant that 

each exam room was monitored by closed circuit video for direct observation, and session 

recording. 
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3.5.1.2 Population 

Seven participants were involved in the study.  There were three male and three female 

medical students (three 3rd years and three 4th years) and one 3rd year female physician assistant 

student.  All had substantial prior experience with OSCEs (at least five, average: 10-20).  Five 

had OSCEs with an AAP case, and six had experiences with real patients with AAP.  This 

indicated that the participants had significant prior experience in similar scenarios.  While not the 

target experience level for the system, these students would be able to provide feedback on the 

appropriateness of the VOSCE and IPS better than less experienced students would.  

3.5.1.3 Procedure 

Pre-experience:  After arriving at the Harrell Center, each participant was asked to sign an 

informed consent form and video release.  Then, each participant created a voice profile for 

speech recognition, which took approximately ten minutes.  We did not consider speech training 

to be a major logistical problem in the overall acceptability of the IPS because each student 

needed to do this only once, and the saved profile could be used for a variety of scenarios. 

The participant was then led to another room to fill out a background survey on prior 

exposure to mock experiences, abdominal pain scenarios, and medical examinations.  

Meanwhile, the IPS was started.   

Experience: The participant was then brought to the examination room where DIANA’s 

patient information chart was displayed on the tablet PC in the door basket.  The participant put 

on the headset microphone (attached to the tablet PC) and finger-ring tracking marker.  They 

were allowed to review DIANA’s information, and then were led into the room to meet DIANA 

and VIC.  The participant was seated in a chair facing DIANA.  The participant was then 

instructed how to take handwritten notes on the tablet.  Before the experimenter left the room, 

the participant was shown how to use the handshake and pointing gestures.  Other than the 
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gestures, the participant was not given any other instructions other than to treat the interview as 

they would a real interview. 

VIC began the experience by explaining some information regarding the scenario.  He also 

reminded the participant how to perform the gestures, how to interrupt DIANA if she did not 

understand correctly, and how to end the session early (By saying, “I have completed” or “I’m 

done”).  VIC then asked the participant to begin their examination of DIANA.  After eight 

minutes, VIC interrupted the session and announced that two minutes remained.  After ten 

minutes, VIC ended the session and asked the participant for their differential diagnosis.     

VIC then reported which, if any, of the eleven key questions were not asked by the 

participant.  VIC then explained the correct differential diagnoses.  This completed the 

experience, and the participant left the examination room.  From start to finish, DIANA and VIC 

were always present.  We believed this was important for providing the impression that DIANA 

and VIC were real people, not transient computer artifacts. 

Post-experience: After the examination, the participant filled out the surveys discussed in 

Section 3.5.4.  Finally, an oral debriefing was conducted with the participants to collect their 

opinions on the experience, the technology. 

3.5.1.4 Measures 

Task performance evaluation: Experts evaluated each student objectively on the 

following criteria: 1) Correct greeting etiquette (Introduce self, shake hands, query for chief 

complaint), 2) Number of core AAP diagnosis questions that need to be asked to obtain the 

correct diagnosis, 3) Differential diagnosis (what is the final evaluation).  The purpose of 

evaluating task performance was to gauge the behavior of students in the experience relative to 

pedagogical goals.  Were there questions that students did not ask the virtual patient?  Did 
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students follow appropriate greeting protocol?  Did students obtain enough information for a 

quality diagnosis?   

Technology survey:  This self-created survey was used to gauge importance of technical 

components to the overall experience.  Responses were on a 7-point Likert scale (1 strongly 

disagree, 4 neutral, 7 strongly agree).  Items rated included the life-size scale of the virtual 

humans, and the use of speech as opposed to typing.  The complete survey is given in Appendix 

A.1. 

Experience satisfaction survey: This survey was adapted from a standard survey used to 

evaluate student satisfaction with the actors in mock experiences,[69].  Answers were on a 5-

point Likert scale (1. strongly disagree, 3. neutral, 5. strongly agree).  Items rated included the 

quality of DIANA as a patient, and the quality of VIC’s feedback.  DIANA was also given a 

global rating, from 1 (lowest) to 10 (highest).  The complete survey is given in Appendix A.2. 

3.5.2 Results 

The study was a pilot study, and hence did not compare students on any metrics.  Given the 

small population size, we were looking for trends in student responses, task performance, and for 

qualitative feedback.  This is an accepted method for initial evaluation of novel interfaces.  These 

results should not be taken as proving the validity of the virtual human system for interpersonal 

skills education.  Validity will be discussed in depth in Chapter 4.  Raw data used for the analysis 

is given in Appendix B.1. 

3.5.2.1 Task performance 

Student task performance was consistent with what medical educators expected from the 

study group.  Out of the eleven core diagnostic questions, the average number asked was 6.28 

(7.0 is a passing grade in an OSCE).  This showed that students automatically applied their 

training in the virtual human experience.  Participants also had a problem consistent with their 
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level of experience.  Students often forget to ask patients to elaborate on their symptoms, 

accepting the first answer.  In this case, all participants forgot to ask DIANA to “tell them more 

about the pain,” a common but critical mistake in the diagnostic process. 

For the final diagnosis, there were six possibilities that should be further explored.  The 

most important were appendicitis and ectopic pregnancy because these would require immediate 

surgery.  The majority of participants (6/7) had at least one correct diagnosis, and only one 

participant included an incorrect diagnosis.  This indicates that the scenario was somewhat easy, 

as students did not need to ask all of the core questions, yet still were able to arrive at an accurate 

diagnosis.  Still, the students applied their training, and were able to have a relatively involved 

conversation with a virtual human for 10 minutes.  This showed that the natural interface 

approach could be used to simulate interpersonal scenarios. 

3.5.2.2 Technology 

Speech: We had generally positive responses towards the natural interface technology.  All 

participants strongly agreed that speech interaction was important to the experience.  Furthering 

this, the majority of students (4/7) disagreed that they would prefer to type their questions, even 

if typing improved response accuracy.  The positive response to speech interaction was despite 

the fact that 40% of time, DIANA did not properly understand student’s questions and 

statements.  It was encouraging that students recognized natural interaction as desirable despite 

the limitations of speech recognition and artificial intelligence. 

Life-size virtual humans: Students also unanimously agreed that life-size virtual humans 

were important to the experience.  Clearly, if the system did not have life-size virtual humans, it 

would be less expensive and more portable because ubiquitous monitor displays could be used.  

Yet, students found the life-size virtual humans provided enough benefit to warrant their 

inclusion. 

54 



 

Gestures: Participants generally though gestures were unimportant (4 neutral, 3 negative).  

This suggested that the scenario did not properly utilize gestures, or that the quality of gesture 

recognition needed improvement.    

Rendering: Perspective-correct rendering was also viewed as unimportant by most 

participants (4 negative, 2 neutral, 1 positive).  Some reasons for this could be that the scenario 

did not require much movement, and thus did not illustrate the value of such a technique.  In 

addition, jitter in the optical tracking component caused noticeable jitter in the display, which 

students commented on in the debriefing. 

3.5.2.3 Application 
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Figure 3-8. Results from the Technology survey on acceptability of the VOSCE for each item.  
Items were rated on the Likert scale: 1 (strongly disagree), 4 (neutral), 7(strongly 
agree). 

Overall: All participants agreed that the VOSCE would be a valuable tool in training and 

testing (See Figure 3-8).  Confirming this, participants said they would use the system frequently 
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(3 weekly, 4 monthly).  Feelings were mixed (5 positive, 2 negative) on the system as a skills 

evaluation tool.  This was understandable, as system errors and fidelity compromises would be 

more critical if used to evaluate performance.  These positive responses suggested that the 

VOSCE was an important new tool in interpersonal skills education. 

DIANA:  Overall, DIANA was given an average global rating of 6.36 out of 10 for the 

interaction (authenticity, accuracy, and symptom display).  For comparison, ratings for actors in 

OSCEs have averaged 7.47 [69].  On local ratings, participants agreed that DIANA appeared 

authentic, communicated how she felt during the session, and stimulated them to ask questions.  

However, many students (3 negative, 1 neutral, 3 positive) did not seem to know whether she 

was listening to them or not.  This was likely a consequence of speech processing errors.  The 

only generally negative rating was on DIANA’s ability to answer questions in a natural manner 

(5 negative, 1 neutral, 1 positive).  This suggested that the DIANA scenario was well 

implemented, but that work was needed to make DIANA respond naturally. 

VIC: VIC was highly praised (5 positive, 1 neutral, 1 negative), which correlated with the 

participants’ desire for feedback on their performance.  His criticism was seen as constructive, as 

well as the manner in which he conducted the experiment (giving feedback at the end, informing 

the student when time was running out).  This suggested finding more ways to incorporate VIC.  

One technique is known as scaffolding in the education literature [70].  VIC’s participation could 

be gradually reduced, until he was not needed to assist the student.  For example, VIC could 

provide sensitive help and feedback on interruptions or non-verbal communication. 

3.5.2.4 Debriefing 

The debriefings yielded many interesting comments, constructive criticism, and positive 

feedback on various components of the system.   
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Instructor: VIC’s presence enhanced the experience by providing helpful information 

during the session and feedback immediately after.   

“I liked that [VIC] gave me feedback at the end and told me 
exactly which questions I forgot to ask.” 

Multiple participants suggested VIC could provide hints when asked, particularly for first 

and second year medical students who are not experienced enough to get through an AAP 

scenario.  One participant said VIC should elaborate on his responses.   

“[VIC] should say ‘You forgot to ask about fever, which is 
important because fever is a sign of infection.’”  

Speech: Speaking with DIANA and VIC enhanced the experience.   

“I don’t think of it as much as watching a computer screen as 
actually interacting with a person.  You’re actually talking to a 
patient; you’re not typing in something and waiting for a 
response.” 

Speech comprehension: DIANA answering questions incorrectly or repeating previous 

answers detracted from the experience.  This made it harder to get diagnosis-critical information.   

“I wanted to be able to get an answer to those questions.”  

“I felt like she didn’t always answer the question I asked her.” 

For example, one participant asked DIANA several times whether she had a history of gall 

bladder problems, but the response database for DIANA had no information about her gall 

bladder and thus the system responded incorrectly.  This visibly frustrated the student.  The 

system should be able to detect when an important phrase, such as “gall bladder” is not matched 

in the sentence, and simply not respond, or respond with, “I do not have an answer for that.” 

Participants reported learning how to ask DIANA questions to avoid improper responses.  

Often, medical professionals need to ask the same question of a patient multiple ways to learn 

the information they need to make a diagnosis.   
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“I think it’s good for us, too, because if the patient doesn’t 
understand the question, which is inevitably going to happen in 
real life, too, it forces you to think about other ways to ask 
questions.”   

Others noted that it was quite distracting to them and thus implied that students would 

benefit from an improved system. 

“[I got] caught up with trying to think of a way to phrase [the 
question] rather than taking her history.”   

Scenario content: From the debriefing, we learned that DIANA had a tendency to offer too 

much information, which is not typical of most patients. 

“Often times I actually thought she gave more detailed answers 
than real people.”   

Another participant joked that he did not need to interview DIANA after the initial 

complaint.  Others made the point that some patients give up information more readily than 

others did.  One participant suggested simulating this variability by providing varying difficulty 

levels.  DIANA, in her current state, might be considered an easy patient because she offers 

much information.  Harder difficulty level patients would provide less information.  

Gestures: Most participants felt the gestures were not very useful, and many did not use 

them.   

“I think the whole shaking hand thing and pointing is not really 
that important.”  

Some said DIANA pointing to the right place on her abdomen indicated where her pain 

was, so they did not see a need for pointing at her.  Some saw handshaking as a novelty while 

others saw no value in it because DIANA was not real. 

“[People] would not accept an image as someone they can shake 
their hands with.”  
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Despite this, a few participants felt the handshake gesture enhanced the training aspect of 

the system.   

“I think [handshaking] is important because that’s one of the things 
that they try to make sure we do automatically every time we walk 
in the room.” 

The ability to give a physical exam via hand gestures may be an important feature that 

could be added.  When we asked participants to indicate what additional gestures they would like 

to see in the system, the almost unanimous response was the ability to give a physical exam.  In 

fact, one participant asked DIANA twice for permission to do the physical exam asking her to 

“lie down” to continue the examination. 

Location and availability: Students emphasized that having the system available at all 

hours of the day would be very valuable.   

“A big benefit would be to be able to go in and do this at your 
leisure and practice with it.  I would definitely use it.”   

The low cost and commodity hardware made this a viable option.  Similar systems could 

be installed in training facilities, medical schools, and hospitals. Work would need to be done to 

make the system more robust for continuous use.  

System audience: Almost all the study participants felt that the current system was most 

appropriate for 1st and 2nd year medical students.  They explained that students currently do not 

get any exposure to mock experiences before early in their 2nd year, but the virtual patient system 

could open the door for students to practice interviewing patients earlier and more often.   

1st and 2nd year students are typically very nervous when asking questions of patients.  

Such a system would provide good practice at the early stages when “you’re so nervous and you 

just need the idea of how it should go.” 

Ultimately, 3rd and 4th year students need to practice with real people.  
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 “It’s not as good for say a 3rd year, because you are now really 
supposed to be working with people that have different 
personalities.”  

The AAP scenario is a textbook case that is not challenging for 3rd and 4th year students but 

would be for 1st and 2nd year students.  The comment about different personalities was interesting 

because it suggested that DIANA had a bland personality.  This may have been related to the use 

of synthetic speech, or that the participant (correctly) thought that personality was a difficult to 

model feature. 

3.6 InterPersonal Simulator and VOSCE Changes and Improvements 

Given the feedback and survey results we received from the medical students, we 

improved the IPS and VOSCE.  We also made changes to the VOSCE, which reflected changing 

objectives of the experience. 

3.6.1 Response Database Additions 

Based on analysis of the interviews performed by the Study I students in Dickerson et al. 

(2005), we expanded the scope (what types of questions asked) and depth (variations on each 

question) a great deal.  We showed that over 60% of the speech input was mapped to the correct 

response.  Of the failed responses, 51% of them were not in the database and 21% were 

variations on questions that were in the database.  Remaining errors included those that the 

natural language processing algorithm was not designed to handle, such as summarization (when 

the doctor tries to repeat what the patient said to them) and empathetic statements.  We 

incorporated the unforeseen questions asked by students in Study I as well as the variations on 

existing questions into the response database.  By doing this, we believed that the system would 

be able to handle a higher percentage of user utterances correctly. 
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3.6.2 Speech Understanding 

The natural language processing algorithm underwent minor adjustments. DIANA was 

made to respond less often to vague input (errors in speech recognition typically) by raising the 

cost threshold to match a template in the database.  While this meant that DIANA would respond 

less, it also meant that when she did respond, she would be more likely to respond correctly.  We 

believed that this would improve the satisfaction of using the speech input system. 

3.6.3 Tracking 

The passive, colored marker-based tracking system used in the study jittered significantly 

or lost tracking altogether.  The markers were also encumbering because of the relatively large 

size required by the use of the inexpensive web cameras.  We believe that this was directly 

correlated to the students’ acceptance of user perspective-correct rendering and gesture 

recognition.  Most web cameras are sensitive to infrared (IR) light.  We took advantage of this 

and moved to an active marker-based system using IR LEDs.  As a result, the system was 

lighting independent (important because the user is often in the path of the projected image).  In 

addition, it used a more efficient algorithm, reducing latency.  Most importantly, it enabled the 

pointing gesture, and perspective correct rendering to have noticeably less jitter. 

3.6.4 Virtual Objective Structured Clinical Examination Changes  

In an upcoming series of studies, we aimed to compare medical students’ performance 

between the VOSCE and OSCE.  To this end, we removed VIC from the experience.  While 

students indicated that VIC was important to the experience in the first study, an instructor was 

not typically present in a mock experience.  We choose to remove this potential confounding 

factor for a formal comparison between the VOSCE and OSCE. 
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DIANA’s responses were also shortened to make her a more difficult and realistic patient.  

This also meant that students would have more time to ask questions because DIANA would not 

spend as much time talking. 

3.7 Study II  

3.7.1 Design 

We conducted a follow-up study to identify the impact of the above changes, and to obtain 

further feedback.  For this study, the population was restricted to second year medical students.  

Ten students (all with nearly identical patient experience) participated in the study.  In addition, a 

comparison was performed between synthetic speech and recorded speech.  We randomly 

separated the study participants into two groups, one where DIANA used recorded speech, and 

another where DIANA used synthetic speech as in first study.  There were six men and four 

women.  We felt that this was the target group for VOSCE. 

Other than these changes, the study design, environment, procedure, and measures were as 

similar as possible to the first study.  

3.7.2 Study II Results 

We compared the results of Study II with those from Study I to see if there were any 

trends.  Given the differences in the study population, these trends could be attributed to the 

lower experience level of the participants in the second study, or the improved technology.  We 

also compared the group using recorded speech to the group using synthetic speech.  Statistical 

significance was tested with the student’s t-test statistic (α=0.05).  However, results should be 

taken as trends, not conclusive evidence given the small study size (N=10).  They were used to 

improve the experience and understand what aspects of the virtual human experience warranted 

formal study.  Raw data is given in Appendix B.2. 
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3.7.2.1 Task performance 

The major result from the task performance survey was that task performance was 

significantly worse than in the first study.  Out of the 11 core questions, the average number 

asked was 5 (7.0 is a passing grade).  Only one out of ten received a passing grade.  We believe 

the significant difference (p = .03) on the number of relevant questions asked between this study 

and the first study is a result of the differences in experience between the two groups.  The lower 

experience level of the participants in the second study was also indicated by much lower 

frequency in asking questions about sensitive topics.  Study II participants forgot more often to 

ask if the patient was sexually active (p = .05) and to ask when DIANA’s last menstrual period 

was (p = .01).  Surprisingly, all participants in Study II gave a correct diagnosis of appendicitis.  

However, the lack of other possible diagnoses, such as ectopic pregnancy, is another 

consequence of the experience difference between the two study groups.  Students in the second 

study were too quick to diagnose the patient without enough information, and came up with the 

obvious answer without exploring other possibilities.  Overall, this suggested that students in the 

first study were correct when indicating that the AAP scenario was more appropriate for first and 

second year students. 

3.7.2.2 Technology 

All rated items on the technology survey either did not change between studies, or 

improved.  Those that improved were items where the technology changed, indicating that the 

system and experience changes were effective.  

Gestures and rendering: Using the pointing gesture this was seen as more important than 

last time (4.2 vs. 3.0, p = .05).  There was also a trend towards head tracked rendering being 

more important (4.4 vs. 3.2, p = .10).  Two explanations for this improvement are from 

technology and scenario improvements.  The handshake gesture was removed based on negative 
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user feedback from the first study.  In addition, active IR markers made the head tracking and the 

pointing gesture noticeably more stable, and thus easier to use.  Still, significant jitter was 

observed during the experience, this motivated further improvements to the tracking system 

(Discussed in Chapter 4). 

Speech: Students also felt that the accuracy of the speech interaction was improved this 

study (4.9 vs. 3.9, p = .10).  Adding more scope and depth to the database as well as improving 

the speech understanding component can explain the difference.  While the speech recognition 

accuracy was not different (~90%), the patient responded correctly more often. In this study, 

70% of the queries were responded to correctly as opposed to 60% in the last study.  This 

suggested that further improvements to the response database could improve the response 

accuracy. 

3.7.2.3 Experience satisfaction 

Students were once again positive about the virtual human experience.  Similar to the 

technology ratings, students were as positive as or more positive about the experience in this 

study than the first study.  This suggested that our engineering was improving the usability and 

acceptability of the system. 

Overall: Students again strongly agreed that the system is useful for training and teaching, 

and were again neutral on its use for evaluation.  In addition, they also indicated a desire to use 

the system frequently.  Five of the students indicated that they would use the system weekly and 

four said they would use it monthly (one student did not answer the question).  This indicated 

that the VOSCE is accepted by students of varying experience levels.   

DIANA: One goal of this study was to make DIANA respond more naturally.  We did this 

through three system changes: script improvements, speech understanding improvements, and 

using real speech for some of the interactions instead of synthetic speech.  Indeed, students 
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tended to rate DIANA’s responses as more natural than in the previous study (5.5 vs. 4.6, p = 

.09).  In addition, students felt DIANA now answered questions in a more natural manner (3.7 

vs. 2.4, p = .02).  The change to recorded speech appeared to have the largest impact on this 

improvement.  

Participants also tended to rate DIANA on a scale from 1–10 higher (7.2 vs. 6.4), closer to 

the 7.47 that is the average for actors in mock experiences.  While direct comparisons between 

real and virtual experiences are questionable [71], anecdotally, students seemed to treat DIANA 

as though she was a real patient. This was confirmed through the comments of numerous medical 

faculty members who observed and watched recorded sessions of medical students with DIANA.   

3.7.2.4 Debriefing 

Pedagogical objectives:  All students expressed that there was educational value in 

interviewing DIANA.  Practicing the process of forming a diagnosis was the most valuable 

aspect of the system.  

“Sometimes just having it come out of your mouth is useful. This 
is a way to do that without having to have somebody there.” 

Without any knowledge of the previous study where VIC provided feedback, at least one 

student specifically mentioned that the system would be better if feedback were provided. 

“I felt like the diagnosis should be given at the very end. Right 
now we don’t get that feedback with standardized patients 
(actors)” 

This further confirms that feedback should be one of the critical components of the 

VOSCE system.  

Gestures:  Students still had many criticisms of the pointing gestures, but all tried to use 

them. Some felt that it was hard to point in the right direction, and that they were too far away 
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from DIANA to use it appropriately.  Many revealed that they thought pointing was unnecessary 

for the experience. 

Speech recognition:  Students were impressed by DIANA’s ability to answer most of the 

questions spoken to her.  

“Understanding most of what I said was really neat.” 

Students in this study commented about the ability to support compound sentences and 

having to speak very clearly to the system.  

“I often had to repeat what I said and try to enunciate a little 
clearer. The more complex my sentences were, the less likely they 
were to get it.  I had to make really short non-compound 
sentences.” 

Our medical collaborators noted the older students (in the first study) did not mention this 

because they knew that asking compound sentences was bad in practice and that speaking clearly 

was critical.  

DIANA said nothing when she did not understand a question (she did this much more 

often than the first study to limit the amount of information she revealed by mistake). Most 

students felt this silence was unnatural and suggested she respond in some way to at least 

acknowledge that something was heard. 

Scenario content:  While some students felt that DIANA’s posture and disposition were 

appropriate for the scenario, the overwhelming opinion was that it needed to change. This was 

not seen as negatively as in the first scenario.  

“She should have doubled over; squirmed, hunched over, laying 
down . . . She didn’t really act like she was in pain. She was 
talking with a regular voice . . . usually patients are hunched over; 
it’s hard for them to speak.” 

“With standardized patients you know that they’re not feeling too 
good because they’re lying, and holding their stomach.” 
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Students who tried DIANA with synthetic speech felt DIANA was not expressive enough.  

I knew it was artificial . . . I couldn’t tell any feelings in her voice. 
No affect in her voice, which might be something important when 
dealing with a patient. 

A different posture, improved voice acting and animations should improve DIANA’s 

realism.  (Chapter 4) 

3.8 Chapter Summary 

This work created and refined a virtual human system with a natural interface, the IPS.  

The IPS provided life-size, virtual human agents who could understand natural user interaction 

(speech and gestures).  This work also created and studied a virtual human experience, the 

VOSCE, for interpersonal skills training in medicine.  The VOSCE enabled medical students to 

practice medical interview skills with a life-size virtual human patient. 

Pilot evaluations of the IPS and VOSCE found that the natural interface of the IPS was 

important for the VOSCE.  Specifically, life-size virtual humans and speech interaction were 

critical.  In addition, the natural interface immediately allowed medical students to understand 

how to interact with the virtual human patient.  Further, by listening to user feedback, we 

improved the virtual human’s ability to respond accurately and appropriately to student actions.  

This resulted in an overall improvement of participant satisfaction with the system. 

Students also felt that the VOSCE was an important tool for teaching and training.  They 

indicated that, were the VOSCE available to them, they would practice with it on a weekly or 

monthly frequency.  The VOSCE enabled students to practice their skills in a realistic manner, 

and practice in a way that would translate directly to the real experience. 

The studies also detected an important property of the VOSCE.  In the VOSCE, students 

who were better prepared (by virtue of being older and having more patient experience) had 

higher overall task performance.  This provided support for the validity of the VOSCE as an 
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evaluation tool.  The validity of the VOSCE is analyzed in depth in Chapter 4, where a larger 

group of study participants interacted in both an OSCE and a VOSCE. 

3.9 Conclusions 

The main finding of this work was that a natural interface (e.g.,, speech interaction, life-

size virtual humans) to a virtual human experience was usable and accepted by end-users for 

interpersonal skills education.  Pilot studies in medical education demonstrated that medical 

student participants found the natural interface critically important to the experience.  In 

addition, participants responded favorably to the possible use of the virtual human experience for 

teaching and training.  They indicated that they would use the experience frequently (weekly-

monthly) as an additional training tool.  Combined with overwhelming educator approval and 

support, these positive student responses provided the support necessary to move forward 

towards formal validation of the virtual human experience.  
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CHAPTER 4 
VALIDITY OF THE VOSCE 

This work explored the validity of the VOSCE in interpersonal skills education.  It was 

published in the proceedings of the ACM Conference on Human Factors in Computer, SIGCHI 

2007 [72]. 

Personal contributions: Based on user feedback and observations from the usability and 

acceptability studies, I improve the IPS implementation and the AAP scenario.  I also designed 

and conducted the validation experiment.  I performed all data analysis. 

Collaborators: Amy Stevens and D. Scott Lind assisted with study design, participant 

recruitment, and evaluated student performance.  Andrew Raij assisted with system development 

and conducting user studies.  

Relevance to thesis:  The usability and acceptability studies prepared the IPS for 

comparison to a mock experience.  This work was that comparison.  It tested the thesis statement 

because the mock experiences (OSCEs) were a valid tool for interpersonal skills evaluation.  If 

the evaluated performance in the VOSCE corresponded to performance in the OSCE, then the 

VOSCE also had the power to evaluate interpersonal skills.  

4.1 Introduction 

Virtual human experiences could one day be ubiquitous in education.  When using real 

humans is difficult, impossible, or dangerous, virtual humans may serve as substitutes.  Before 

this can happen, it must be validated that when using virtual humans, the important educational 

objectives are met.  An important objective in medical education is evaluating clinical 

examination interview skills.  Experts evaluate medical students while the students perform 

Objective Structured Clinical Examinations (OSCEs) [73].  In an OSCE, a medical student 

conducts an interview with a hired actor called a standardized patient.  The standardized patient 
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simulates a real patient.  We created and refined a virtual human experience in which a student 

could perform a Virtual OSCE (VOSCE).  In the VOSCE, a virtual human simulated a real 

patient.  The results of a user study demonstrated that student performance when interviewing a 

virtual human in the VOSCE correlated to performance when interviewing a standardized patient 

in the OSCE. This work validated the VOSCE for testing clinical examination interview skills.   

 

Figure 4-1. Student interacts with the virtual human during the VOSCE.  Retroreflective tracking 
markers placed at various locations to track head gaze, pointing, and body lean.  The 
flash from the camera illuminates the markers. 

In order for performance in the VOSCE and OSCE to be compared, students needed to be 

able to interact with the virtual human as they could with a standardized patient.  The interaction 

skills set needed to interact successfully must be similar.  As a result, a natural and transparent 

interface with the virtual human is required.  A student is shown during a VOSCE in Figure 4-1.  

The virtual human is projected on an examination room wall at life-size.  The student interacts 
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with the virtual human as they would with a real human, using gestures and speech.  The virtual 

human interacts with the student in the same way.  

The metric used to evaluate a medical student’s interview performance is a checklist of 

required interview skills.  A student using good interview skills obtains all of the information 

required for an accurate diagnosis, does so efficiently, in the correct order, and follows proper 

patient-doctor etiquette.  In pilot studies with the VOSCE, experts noted that it was evident 

which students possessed adequate interview skills and which did not.  In the user study 

described in this work, an expert used an interview skills checklist to evaluate the interview skills 

of 2nd year medical students in both the VOSCE and OSCE.   

We present data showing that student performance on the VOSCE, as evaluated by a 

medical expert, was significantly correlated with student performance on the OSCE.  The study 

design and the correlation in student performance validated that the VOSCE could be used to 

evaluate medical students' interview skills in clinical examinations.  Comparing the experience 

of virtual human interaction to real human interaction is the critical validation step towards using 

virtual humans for interpersonal skills education.   

4.2 System Implementation 

The system implementation for the study was an improved version of the InterPersonal 

Simulator (IPS), which is described in Chapter 3.  The design of the system did not change, but 

individual hardware and software components were upgraded, such as tracking, speech 

recognition, and the microphone.  The IPS implementation is shown in Figure 4-2.  The 

emphasis was on natural, transparent interaction with the virtual human, as though the user was 

interacting with a real human.  User's could speak and gesture as though they were interviewing 

a real human.  It was important to have natural interaction for direct comparison with real 

humans.    
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Speech recognition was natural and unprompted.  A wireless headset microphone was used 

for speech input, freeing the user from any wires.  Speech recognition software, Dragon 

Naturally Speaking 8, translated the speech into text [63]. The translated text was displayed to 

the user to reduce user frustration when the system did not recognize speech accurately. 

The head, hand, and torso motion of the user were tracked optically using passive infrared 

markers and two commodity, infrared sensitive, video cameras.  The cameras were equipped 

with infrared (IR) lights and an IR filter.  This resulted in the IR markers being the only visible 

objects in the video stream, making marker segmentation more efficient and robust.  The 

segmented marker positions in each video stream were combined to produce the three 

dimensional position of each marker.  Rigid clusters of markers and relative marker positions 

were used to register the marker positions to real world objects. 

 

Figure 4-2. The system 
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The interaction was modeled as a question-answer session.  The user asks a question, and 

then the system returns the appropriate speech and gesture.  This question-answer pair is defined 

in a database created by medical faculty and refined through end-user testing.  In an analysis we 

conducted with the system, we found most errors were speech recognition errors, variations in 

phrasing (such as negation), and other difficult to handle English wording.  We found this 

acceptable because most students adapt to the question-answer style, and are able to complete the 

interview and come up with a diagnosis.  A more thorough description the approach is given in 

Chapter 3. 

For a realistic appearing virtual humans, we use Haptek Corporation's full body virtual 

characters [67]. In addition to a realistic appearance, they have built in automatic animations 

including lip syncing, eye blinking, head following, and breathing.  A change for this study was 

that the voice for the virtual human was recorded audio of a standardized patient.  The 

standardized patient was excellent at giving the impression of being in pain. 

To support a life-size virtual human patient, we used a projector.  A wall in the 

examination room served as the projection surface.  As has been done with other immersive 

displays (e.g.,, CAVEs, [68]) the image sent to the display was rendered so as to give the user an 

immersive viewpoint (Chapter 3).  Although the effect did not support stereoscopy, it provided 

motion parallax depth cues. In informal testing, we found that these depth cues made it easier to 

judge the size and look direction of the virtual human.   

In the spectrum of virtual reality, augmented reality, mixed reality, and true reality, this 

system falls under the mixed reality category.  While we use virtual reality techniques for 

rendering and interaction, the examination room the virtual character resides in is an extension of 

the real examination room.  We believe this combination of real and virtual makes the VOSCE a 
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more immersive experience than if it were a virtual reality system in a computer science 

laboratory.   

4.3 Study 

The study used a within-subjects design depicted in Figure 4-3.  Each participant 

performed both an Objective Structured Clinical Examination (OSCE) and a Virtual OSCE 

(VOSCE).  The interview skills scores on the VOSCE were then compared to the interview skills 

scores on the OSCE.  These scores were given by a medical expert using an interview skills 

checklist (See appendix A.3).  Each participant also filled out a patient satisfaction survey 

(Appendix A.2), which rated the quality of the patient. 

 

Figure 4-3. Study design.  Each student is randomly assigned to the solid or dashed path.  The 
student evaluates both the standardized patient and the virtual human using the patient 
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satisfaction survey.  An expert evaluates each student for both the VOSCE and the 
OSCE using the interview skills checklist. 

4.3.1 Population and Environment 

The Essentials of Patient Care (EPC) class at the University of Florida educates students 

on medical interview skills.  As part of the class, students perform OSCEs and are graded on 

clinical performance.  We integrated our study into the class during one of the OSCE evaluation 

sessions.  

Table 4-1. The VOSCE/OSCE interview skills checklist 
Category Scale Description Example(s) 

Information Number of ‘yes’ 
answers on 12 
questions 

Determines if critical 
information obtained 
from patient 

Description of Pain? 
Location of Pain? 

Process Number of ‘yes’ 
answers on 13 
questions 

Determines interview 
performance 

Is there a logical pattern? 
Performs medical history?

Quality Average of 9 
questions with scale 
(1 very poor, 2 poor, 
3 good, 4 very good)  

Determines interview 
quality 

Is empathetic? Displayed 
Appropriate Eye Contact? 
Body Lean? 

Overall 1,2,3-poor,4,5,6-
adequate,7,8,9-good 

The actual score assigned 
for the entire interview 

What is the overall score 
for this interaction? 

 
The participants were randomly selected from the fall 2005 EPC class.  There were 33 

participants, 17 female and 16 male.  They were all second year medical students and had similar 

OSCE experience. 

The scenario used for the VOSCE was a young Caucasian female with acute abdominal 

(AAP) pain.  We used two different scenarios for the OSCE.  One was a middle age Caucasian 

female complaining of chronic diarrhea (CHD) and the other a young Caucasian male 

complaining of indigestion (IND).  These scenarios are typical for medical student training 

because standardized patients can simulate them realistically.  
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Figure 4-4. Students begin their interview sessions by knocking on the door and entering the 
room.  The second student from the left wearing the hat and microphone is 
interviewing the virtual human.  The rest are interviewing standardized patients. 

The interactions took place at Harrell Center at the University of Florida, the standard 

testing center where University of Florida students are trained and evaluated in OSCEs.  This 

was important because it allowed the interviews to be conducted simultaneously and because the 

VOSCE is intended to be part of a testing environment.  When participants know they are being 

tested, they tend to change their behavior [74].  The VOSCE took place inside a medical 

examination room, where clinical examinations will occur during their careers and where the 

OSCE takes place as well.  During the study, participants were surrounded by other participants, 

their teachers, and their fellow students who were in the class but not part of the study.  The 

effect of this on the participants was very noticeable.  In contrast with earlier studies run on 
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weekends with volunteer participants, participants in this study acted more professionally, did 

not experiment as much with the system, and were more focused on the interview. 

4.3.2 Procedure  

Key to the ecological validity was that the VOSCE was one station as part of a live OSCE 

training session.  Students needed to go through each station in strict time-ordered sequence.  We 

had a maximum of 10 minutes that the participant could be in the examination room.  To achieve 

this limited time, we removed a tutorial that taught the participant how to interact with the 

patient.  While not having a practice session is uncommon in virtual reality research, a tutorial 

was largely unnecessary due to the natural interface.  In addition, the participant background 

survey and speech training were performed a few days before the main study session. 

In a typical OSCE scenario, a standardized patient awaits a medical student in each room 

of the testing center. During our study, however, Room 3 was occupied by the virtual human.  

All other rooms were occupied by the standardized patients.  The students in the testing center 

were all part of the EPC course, but were not all part of the study.  Only students who were 

seeing both the virtual human and a standardized patient with IND or CHD pain were included in 

the study.   

All study participants were asked to sign an informed consent form and video release when 

they arrived at the testing facility.  When it was their turn, one student stood outside each door 

and prepared for the interview by reading a chart describing the patient’s vital statistics and chief 

complaint.  The only difference for a student interviewing the virtual human was that they were 

outfitted with a hat used for tracking and a wireless microphone as shown in Figure 4-4. 

The session began with an audible signal saying, "You may now start the station".  The 

student at each room then entered and performed the required clinical examination.  They were 

allowed 10 minutes.  After 8 minutes, an audible signal warned them to complete in 2 minutes.  
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At the end of the session, an audible signal told the student to leave the room.  Students were 

allowed to exit at any time during their interview.  Once all students had completed their 

sessions, they were permitted to go back into the room.  The patient then gave them feedback on 

their performance.  The virtual human also has this capability.  The participants then filled out 

the patient assessment questionnaire (discussed below) for each patient.  

4.3.3 Metrics 

Student performance:  The standard way to evaluate student performance in OSCEs is a 

checklist.  We used the interview skills assessment checklist.  As seen in Table 4-1, 35 questions 

were divided into four separate areas: 9 questions on quality of interaction, 12 questions on 

amount of information gathered, 13 questions related to following proper interview process, and 

a 1 overall score for the interaction.  The overall score was what actually determined pass or fail.  

The rest of the checklist served to guide student performance improvements. 

Typically, either the standardized patient is the evaluator right after the interview, or an 

expert performs the evaluation by watching video of the interview.  Studies have shown that a 

standardized patient can be as accurate or even more accurate than experts [59].  We used an 

expert because the virtual human did not have the capability to evaluate the full range of 

student's interview skills reliably.  This is a focus of future research, because in real world use, 

medical experts are expensive to use.  

Patient satisfaction:  We also wanted to evaluate the performance of the patients for 

comparison.  For this purpose, we used the Maastricht Assessment of Simulated Patients (MaSP) 

survey (a modified version was used in previous studies).  The MaSP uses a series of 5-point 

Likert-scale items administered to the medical student after an encounter with a standardized 

patient.  Similar to the interview skills checklist, the last question asked the medical student to 

rank the patient on a scale from one to ten.  Survey items can be seen in Appendix A.2.  We used 
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the MaSP to evaluate both the standardized patients and the virtual human patient.  This enabled 

us to study the relationship between student performance and the quality of the patient. This was 

important because the patient was the main difference between the VOSCE and the OSCE.  

4.4 Results  

All participants completed the VOSCE, came up with a diagnosis, and were able to do so 

in the time allotted to them.  This occurred concurrently with the OSCE in the normal training 

environment. While this was critical for direct comparison, it was also encouraging from a 

feasibility standpoint.  It showed that the VOSCE could feasibly integrate into the existing 

infrastructure of clinical skills education.  Raw data is given in Appendix B.3. 

4.4.1 Interview Skills Checklist 

We analyzed the results from the interview skills checklist by category, comparing group 

mean differences through an ANOVA, and correlation through regression analysis. 

The last question on the checklist asked the evaluator to judge the overall quality of the 

interview on a scale from 1 (worst) to 9 (best).  This is the grade that a student would get for the 

interview.  A graph of same student overall performance in the VOSCE and the OSCE is shown 

in Figure 4-5.  There was a significant correlation (r(31)=.497, p<.005) in the overall rating of 

same student VOSCE to OSCE interactions. 

The worst students performed the worst in both the VOSCE and the OSCE and the best 

students performed the best in both the VOSCE and the OSCE.  This means that the both the 

VOSCE and OSCE were able to indicate the maturity of the system.  The VOSCE is a significant 

new interpersonal skills tool for medical educators.   
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Figure 4-5. Significant (p<.005) correlation in the overall score for VOSCE and OSCE sessions. 
The dotted lines indicate the 95% confidence interval.  Larger points indicate multiple 
students had those scores. 

The VOSCE could be used right away by students needing additional practice.  The study 

was run with early second year students with equivalent training for clinical examinations.  At 

this stage in their education, medical students are just beginning to practice their clinical 

examination skills.  No student scored above a 6 for either the VOSCE or the OSCE and only a 

few scored above a 4.  Standardized patients could only be used during pre-organized training 

sessions.  The VOSCE could be available anytime.  Standardized patient training is still 

necessary, however, for training students for scenarios requiring complex behaviors that a virtual 
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human could not yet simulate.  Virtual human patients are better suited for cases that 

standardized patients could not simulate (e.g., wounds, eye movement disorders). 
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Figure 4-6. Interview skills checklist broken up into three areas:  A) Information B) Process and 

C) Quality.  The Process and Information scores indicate the number of 'yes' 
responses for each area.  The Quality score is an average of the 9 questions related to 
quality of the interview.  The dotted line represents the 95% confidence interval. The 
larger points indicate multiple students had those scores. 

While the overall score determines the student’s grade for the interaction, the medical 

expert also evaluated the students in three subcategories, information, process, and quality.  

Figure 4-6. shows graphs of each student’s performance in both the VOSCE and OSCE by 

category. The information and quality areas showed significant, although small correlation.   
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A significant difference was not observed for the process area.  While this did not 

significantly factor into the overall score, it is clearly an area for improvement. 

A multivariate ANOVA was conducted on the interview skills data for the four categories: 

information, process, quality, and overall score.  There were two factors.  The first factor was 

interaction type, VOSCE or OSCE.  The second factor was gender, which has been shown to 

have a large effect in other studies with virtual characters [75]. There was not a multivariate 

effect found for gender or interaction type × gender.  There was a significant (p<.001) 

multivariate effect found for interaction type.  A univariate analysis showed a significant effect 

of interaction type on both the quality (p<.001) and the process (p<.01) areas.  The mean scores 

for each area are compared in Figure 4-7. 
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Figure 4-7. Scores for each subject area of the interview skills checklist are normalized between 

0 and 1.  **p<.01,*p<.05 
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The overall score was not significantly different between the VOSCE and the OSCE.  The 

amount of information obtained was also not different.  Also, the correlation in these areas was 

significant.  This means that, for testing overall skill and information gathering skill, the VOSCE 

could be used in place of the OSCE.  

The quality (p<.01) and process (p<.05) scores showed significant difference between the 

VOSCE and OSCE.  These are areas where the VOSCE suffers from technical limitations.  The 

individual questions in the quality area of the interview skills checklist were mostly related to 

non-verbal behavior such as body lean, head nod, and eye contact.  Maintaining appropriate non-

verbal behavior might have been difficult when we required that the student wear a baseball cap 

for tracking and a microphone for speech input.  In addition, their motion was hindered because 

of occlusion of the projected image and visual field of the tracking cameras.   Expectations of the 

virtual human’s ability to respond to appropriate non-verbal behavior may have also been lower.  

Regardless, there was still a significant correlation in quality (r(31)=.378, p<.05).   

The process, quality, and information scores are supposed to be reflected in the overall 

score.  The overall scores were not different, but there were significant differences in the process 

and quality scores.  This is explained by analyzing the interview skills scores.  While the 

interview skills checklist has a high degree of internal reliability (α=.78), the overall score had 

the highest correlation with the information score (r(31)=.77, p<.001).  
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Figure 4-8. Overall rank given to the patient by participants in the MaSP survey separated by 

type of patient and study date.  The drop from previous studies to the current October 
2005 study is significant at the p<.001 level. VH-Virtual Human SP-Standardized 
Patient 

4.4.2 Patient Satisfaction 

While the interview skills checklist looks at how good the medical student is at being a 

doctor, the MaSP looks at how good the virtual human or standardized patient is at being a 

patient. Participants filled out the MaSP after their VOSCE and OSCE.  The wrong scale was 

used for day 1 of the study.  This error resulted in MaSP data for 16 participants to be excluded.   

Our analysis of the MaSP results showed a large drop in participant satisfaction for both 

the standardized patient (p<.001) and virtual human (p<.05) groups relative to previous study 

results [55], [56], [76].  In fact, while previous studies have shown the virtual human to be close 
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to the national average for standardized patients (7.2), the mean score for the virtual human in 

this study is only 4.88(σ =1.83) This is illustrated in Figure 4-8.  

Both the virtual human and the standardized patient ranks were significantly lower than we 

have observed in previous studies.  We believe the main reason for this drop was volunteer bias.  

The study participants were selected randomly from a class that all second year medical students 

are required to take.  The participants were not paid volunteers.  This was important because 

volunteers often are not representative of the true population and often are less critical of design 

flaws [74].  
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Figure 4-9. Patient satisfaction as determined by the rank given by the participant is compared to 
the participants overall score as determined by the evaluator. Larger data points 
indicate multiple students had those scores. 
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Performance of the patient was compared to performance of the participant.  No observable 

correlation was found between patient rank on the MaSP and overall score on the interview skills 

checklist as seen in Figure 4-9.  This was true for both the virtual human patient and the 

standardized patient.  The data indicate that the quality of the virtual human agent at least did not 

limit performance.  For example, a virtual human that could not respond to any input would have 

made completing the interview frustrating or impossible.  We believe that the interface to a 

virtual human patient must be natural so that the student can demonstrate good interview skills 

and perform a complete interview.  This will be discussed further in Chapter 5.  

4.5 Limitations 

A limitation of the study is from observer bias.  Only one subject matter expert reviewed 

the video.  While this could explain some of the correlation, the student's interview skills are a 

more likely explanation.  A solution to this problem would be to use multiple experts, or 

observers trained by experts, to review video and measure their reliability.  Future studies have 

used multiple observers to control for bias.  

Another limitation was that this study was run with students from just one medical 

education institution.  There is no guarantee that this will translate well to students of other 

medical schools.  Additional medical schools and pharmacy schools have since begun testing the 

VOSCE as well.   

Students were also beginning 2nd year students.  More work needs to be done to show that 

regardless of educational level, performance is correlated between the VOSCE and the OSCE.  

However, this population was the target experience level for the VOSCE.  The training process 

can be more efficient, and possibly more effective (by virtue of increased practice) by using the 

VOSCE in early training, and later using OSCEs for more advanced skills training.  
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Lastly, the study could only determine the relationship between performance on the 

VOSCE and performance on the OSCE.  It could not say how the VOSCE achieved this 

relationship.  We believe that the natural interface enabled students to treat the virtual human 

patient as they would a real human patient.  In addition, the comparison could not have taken 

place if, for example, students typed to the virtual human patient.  Typing would have taken an 

unacceptable amount of time, and many non-verbal comparisons would not have been relevant 

(e.g.,, body lean).  

4.6 Chapter Summary  

The purpose of this work was to validate our virtual human experience for clinical 

examination interview skills testing.  The validation tested if performance during a practice 

interview with a virtual human was similar to performance during a practice interview with a real 

human.   

Performance was determined by a checklist containing the required elements for a clinical 

examination interview.  This checklist was filled out by a medical expert watching video of the 

interview.  Participants conducted the interview portion of a clinical examination with a virtual 

human and then a standardized patient. The correlation in performance was then computed.  We 

found a medium correlation (r(31)=.49, p<.005) in overall performance.  This suggested that the 

VOSCE could be used to evaluate student’s interpersonal skills. 

In addition, we did not find a significant correlation between participant ratings of 

satisfaction with the patient and participants evaluated performance for either the virtual human 

or the standardized patient.  However, participants were more critical of the performance of both 

the virtual human patient and standardized patient than we had observed in past studies.  This 

reflected the ecological validity of the study.  In the testing environment, students were under 
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significantly more stress, they were not volunteers, and thus, they were primarily concerned 

about the potential of the experience for evaluation.   

4.7 Conclusions 

Our main finding was that our natural interface approach to virtual human experiences for 

interpersonal skills evaluation was valid.  Establishing validity has moved the IPS from a 

prototype to a significant new tool in interpersonal skills education.  In addition, the correlation 

found between the virtual human experience and the real human experience significantly reduced 

concerns that the imperfect artificial intelligence of the system limited its usefulness.  In contrast, 

the natural interface enabled the virtual human experience to be transparently incorporated into 

an existing interpersonal skills training framework.  Without changing the required educational 

infrastructure, the virtual human experience provides significant educational and logistical 

benefits (e.g., standardized evaluation, partner diversity, objective feedback, lower costs).
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CHAPTER 5 
IMPACT OF DISPLAY SYSTEM ON USER PERFORMANCE 

This work analyzed user performance under several visual display conditions.  It was 

published in the proceedings of the IEEE Conference on Virtual Reality 2008 [77].  An extended 

version is currently in submission to Presence: Teleoperators and Virtual Environments [78].   

Personal contributions: I performed all work incorporating the new display types into the 

IPS system.  In addition, I designed and conducted the user studies. Finally, I performed all data 

analysis. 

Collaborators: Adeline Deladisma and D. Scott Lind provided the educational 

background and student population for the first study.  Diane Beck provided the educational 

background and student population for the second study. 

Relevance to thesis:  This work supports the thesis by demonstrating a causal relationship 

between the user interface design of the IPS and user performance.  We found that changing the 

natural interface design also changed user performance (e.g., empathetic responses).  Visual 

displays that did not afford life-size virtual humans or encumbered the user inhibited user 

performance.  

5.1 Introduction 

Virtual human experiences have fundamentally different goals than traditional spatially 

focused virtual environments.  Hence, research needs to be conducted to understand the impact 

of traditional virtual environment interfaces.  In addition, this would help to generalize and 

correlate results from social virtual environment studies that employ different interfaces.  

However, little research has been conducted in this area.  Thus, we present our results from 

evaluating different visual display system conditions for our virtual human experience. 
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Many researchers studying social interactions in virtual environments have used close-up, 

life-size virtual humans [1], [33], [43], [79].  The theory is that users treat life-size virtual 

humans as real humans.  We explored that theory from the standpoint of the visual display.  We 

report results from two studies designed to evaluate the impact of several visual display systems 

on social performance in a virtual human experience. 

5.1.1 Application Context 

The application context for this work is the Virtual Objective Structured Clinical 

Examination (VOSCE).  The VOSCE is used for patient interview training.  Face-to-face patient 

interviews are an integral part of the health care process.  The current standard of practice in 

medical and pharmacy education is to provide these experiences using either actual or actor 

patients.  However, it is difficult to give students a wide range of patient experiences with actual 

or actor patients because of availability and feasibility.  In the VOSCE, a virtual human 

simulates the patient, allowing for a greater variety of patient demographics and symptoms than 

students are currently able to experience using actual patients and actors.  The cost of using 

actual or actor patients also limits how frequently students get this experience.  The VOSCE has 

the potential of providing students more opportunities to practice, and therefore to improve, 

interpersonal skills such as questioning, listening, informing, and empathizing [16]. The 

emphasis on interpersonal communication skills and a motivated user base, make the VOSCE an 

effective test-bed for studying the impact of interfaces on social interaction with virtual humans. 

The underlying technology in the VOSCE is the InterPersonal Simulator (IPS).  The goal 

of the IPS is to enable natural, transparent interactions with virtual humans.  A natural interface 

affords users the ability to communicate with a virtual human similarly as they would 

communicate with a real human in the same situation.  Transparent interaction aims to reduce 

users’ need to be aware of the technology to interact.  Such interaction has been largely achieved 
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in the IPS.  Students can interact with the virtual human using unprompted speech and gestures, 

and the virtual human speaks and gestures to the student.  Only minimal user training (2 minutes 

of speech recognition training and a system tutorial), is required prior to a virtual human 

interaction.   

5.1.2 Motivation to Evaluate Visual Displays  

As Fred Brooks stated in his 1999 survey of virtual reality (VR), one of the major 

challenges facing VR is “choosing which display best fits each application” [21].  Many display 

systems have been used for virtual human experiences, including monitors, head-mounted 

displays (for both virtual and augmented reality), projection displays, and large-screen TVs.  

Each type of display has well-known advantages and disadvantages in terms of logistical 

requirements (e.g., cost, space, availability), and interaction affordances.  For example, a tracked 

head-mounted display is often expensive, can lead to simulator sickness, and encumbers the user 

with a device; however, tracked head-mounted displays are physically immersive, allowing users 

to explore a virtual space naturally.  In contrast, a small monitor display is cheap, widely 

available, and familiar; but often requires an interaction device to adjust the virtual viewing 

direction. 

It is difficult to choose a visual display purely analytically.  Empirical observations need to 

be included in the decision in order to fit application specific requirements.  Evaluations of visual 

display systems have shown impacts on task performance, presence, and behavior in virtual 

environments; however, these impacts have been in the context of spatial tasks (e.g., navigating 

a virtual environment, manipulating a spatial dataset) [80], [81], [82], [83].  Spatial tasks 

emphasize locomotion and object manipulation.   

In contrast, the social tasks of virtual human experiences emphasize communication.  

Evidence exists that indicate social communication with embodied agents may be affected by the 
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visual display.  Mehrabian showed that up to 55% of the information exchanged in face-to-face 

interactions might be visual cues (e.g., interpersonal distance, posture, eye/head movement, 

facial expressions) [84].  Display systems that affect these visual cues may affect social 

communication. 

We believed that differences in displays, and resulting differences in the visual experience, 

would change the extent to which users felt that they were with another real human.  This 

phenomenon of feeling with another person is known as copresence.  An excellent survey of 

copresence literature, and the definition of copresence used in this work is given in a Bailenson 

et al [85].   

A strong feeling of copresence is vital to the pedagogical goals of the VOSCE. We 

measured copresence both directly (self-report), and indirectly in terms of its expected effects on 

behavior and self-reflection.  Higher copresence would be indicated by caring, and understanding 

responses towards the virtual human patient (e.g., empathy).  In addition, higher copresence 

would make students evaluate their own behavior more critically, and the behavior of the virtual 

human less critically.  This is because they would evaluate performance as they would with a 

real human, not a computer system.   

5.1.3 Study Methodology 

Two user studies explored the choice of visual display.  Display type was a between-

subjects independent factor in both studies.  The first study was on immersion, the second study 

was on life-size virtual humans.  The immersion study compared two immersive displays, a head-

mounted display (HMD) and a fish-tank projection display (FTPD).  The life-size study 

compared two non-immersive displays—non-immersive in the sense that the virtual human was 

rendered into the physical world with a monitor display rather than the user being immersed in 
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the virtual world.  A large (42”) vertically oriented plasma TV monitor (PTV) was compared to a 

small (22”), standard computer monitor (MON). 

In each study, we divided the participants into two groups by display condition.  Each 

participant performed a test interview with the same virtual human patient, and rated their 

interview on various items (e.g., performance, satisfaction).  We then compared groups along 

three dimensions expected to be influenced by copresence: 

• Behavior: Did one group treat the virtual human consistently more like a real human?  

• Self-reflection: Did one group rate their performance or the virtual human’s performance 
higher? 

• Self-reported copresence: Did one group have a subjectively higher feeling that they were 
with the virtual human? 

In the immersion study, we hypothesized that copresence would be different between the 

immersive displays.  However, we did not know which would be higher.  The FTPD presented an 

immersive experience without encumbering the user.  The HMD encumbered the user with the 

device and wires, but created a more immersive experience and isolated the virtual human and 

the user in the virtual world.   

In the life-size study, we hypothesized that the PTV would give users a higher feeling of 

copresence than the MON.  This was because the PTV emphasized a life-size virtual human, and 

the MON emphasized a computer application. 

5.2 Related Work 

5.2.1 Comparative Evaluations of Virtual Human Experiences 

The most well studied aspects of virtual humans are gaze and appearance.  Using a 

teleconferencing application, Garau et al. found that an avatar whose gaze was consistent with 

conversational flow was more beneficial than an avatar who randomly gazed at the user [36].  A 

later study by Garau et al. found a significant interaction effect between visual realism and gaze 
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in an immersive collaborative virtual environment, suggesting that it is important to match avatar 

visual realism to gaze behavior realism [37].  Bailenson et al. extended this result to agents, 

relating self-report (copresence questionnaire), cognitive (memory of avatar), and behavioral 

markers  (interpersonal distance) [33].  Fukayama et al. used a two state Markov model that 

controlled the amount, duration, and point of interest of a virtual agent  [35].  They found that 

they could control the user’s impression of the virtual agent by setting the parameters of the 

model those found to create similar impressions between real humans.   

Dickerson et al. explored the realism of the virtual human’s voice [86].  They compared 

synthetic speech to recorded real speech.  They found an effect on the impression formed by the 

user of the virtual human, but found no effect on user behavior.  Impressions of virtual humans 

are also looked at in [87].  They found that posture of the virtual human affects the user’s 

impression of the virtual human’s mood, as well as the user’s physiological state.   

The IPS leveraged these results to maximize copresence.  The Fukayama model of agent 

gaze behavior was used in the IPS, set to “friendly” parameters.  In addition, the virtual humans 

breathed, blinked, gestured in a realistic manner, and had a realistic appearance and voice 

(recorded speech).  The virtual human’s facial expressions, posture and animations were 

reflective of their mood (pain and fear for the current patient scenarios).  This matched the 

appearance and behavioral realism. 

5.2.2 Impact of Display Systems on Presence and Copresence 

Presence and copresence are related constructs, presence being the extent to which a user 

feels in a virtual environment, and copresence being the extent to which a user feels with another 

person in a virtual environment.  Presence is the better-understood construct, especially in terms 

of interface factors.  It is widely accepted that the visual display system is an important factor 

determining presence in virtual environments.  Presence and copresence are measured similarly, 
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often by administering questionnaires and by observing expected effects (e.g., more powerful 

emotional responses, better task performance, increased physiological activity, behavior that is 

more realistic).  

Presence:  The level of visual immersion afforded by the display is the display property 

most associated with presence [88].  Visual immersion is the degree to which the user’s visual 

senses are involved in the virtual environment.  Increasing the field-of-view, providing 

stereoscopy, or coupling the display to the user’s head movements have been found to increase 

presence [89], [90], [91].  In a more general sense, immersive display systems such as HMDs 

and large-screen projection displays usually result in a higher user sense of presence than 

monitor displays.  This can be seen in the training (e.g., vehicle simulators) and therapy (e.g., 

virtual reality exposure therapy) fields where presence (emotional and behavioral realism) play a 

large role, and where immersive displays are used almost exclusively over non-immersive 

displays. 

Copresence:  Increased immersion is also thought to increase copresence.  Media 

psychologists studying the impact of large-screen televisions on viewers found that large screen 

displays motivate people to evaluate images of other people more favorably [92].  For virtual 

environments, Slater et al. found that an immersive display amplified the effect of user anxiety 

when speaking to an audience of virtual humans [3].  Another experiment by Slater et al. 

replicated Stanley Milgram’s obedience experiments [34].  Participants who could see and hear 

the virtual human’s responses were more likely to having caring responses towards the virtual 

human subject being shocked than participants who could only hear the virtual human’s 

responses.  Zanbaka et al. did not find an effect of level of immersion on social facilitation and 

inhibition effects of virtual humans; however, they point out that the lack of social impact may 
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have been a consequence of a physical difference between the displays (HMD and Projector).  

The virtual human in their study observed participants from the side, and the low field-of-view of 

the HMD removed the virtual human from the participants’ peripheral vision [32].   

We aimed to add to existing copresence research in two ways.  The first was the impact of 

the visual display system on training social skills.  Existing research focused on replicating 

psychological experiments and virtual humans for exposure therapy.  The second was the impact 

of the visual display system on richer, conversational tasks.  Existing research had shown that 

users tend to respond to virtual humans realistically, despite the virtual humans often having 

limited interaction capability.  The current work built upon these results by providing data on the 

impact of displays on tasks where users can have prolonged, bidirectional conversations with a 

virtual human.   

5.3 Study I: Immersive Displays 

In the immersion study, two immersive visual displays were compared for their influence 

on copresence—a non-stereo head-mounted display (HMD) and a fish-tank projection display 

(FTPD).  The motivation behind choosing these displays was that both displays 1) enabled close-

up, full-body, life-size scale virtual humans, 2) were common display types used in other 

immersive virtual human experiences, and 3) had similar graphical quality. 

The FTPD is a type of large-screen display.  The term “fish-tank” means that the displayed 

image is rendered from the perspective of the user head position (tracked at 1 cm accuracy, 60 

Hz).  For the study, the image (2 m x 2.6 m) was displayed on one of the walls of the 

experimental space (ceiling, front projected, See Figure 5-1(top)).  It enabled an immersive 

experience with close-up, like-size virtual humans without encumbering the user (with the 

exception of a hat worn for head tracking).  It had been used in previous studies, and well 

received by participants, who felt that life-size virtual humans were important to the experience. 
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Figure 5-1. User interacts with a close, life-size virtual human using either a fish-tank projection 
display (top) or head-mounted display (bottom) 

The HMD used was an eMagin Z800 3D Visor (See Figure 5-1(bottom)).  By tracking the 

orientation (internal sensor, 1 degree accuracy, 33 Hz) and position (tracked using same system 

as FTPD) of the HMD, the illusion is created that the user was in the virtual world, and could 

look in any direction.  The Z800 provided a reasonable field-of-view (40° diagonal) and 
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resolution (800x600), giving it a similar visual quality to the FTPD.  Table 5-1 shows a side-by-

side comparison of the two displays.   

Table 5-1. Comparison of the displays used in the study 
Feature HMD (EMagin 3D Visor) FTPD (NEC LT260) 

Cost $1500 $2000 

Resolution 800 x 600 1024 x 768 (800 x 600 for study) 

Display Area 40° diagonal FOV 

Always in front of user 

2.6 m x 2 m screen 

User must face physical screen to 
be immersed 

 

Immersion User is always immersed User must face the screen to be 
immersed 

Stereo Capable, but not used Not capable 

Avatar None User can see their own body 

Encumbrance User is tethered by necessary 
wires 

225 g device on users’ head 

User must wear a hat used for head 
tracking 

 
5.3.1 Design 

In a pilot study, four third-year medical students reported a slight qualitative preference for 

the HMD over the FTPD after experiencing the VOSCE with both.  Reasons included a feeling 

of closeness to the virtual human patient in the HMD and a feeling of being inside the virtual 

examination room with the virtual human patient.  However, both displays were usable and 

acceptable by students for the experience. 

A user study was conducted to quantify differences in copresence between the displays.  

This study was designed with display system (HMD and FTPD) as the primary independent 

variable.  However, this study was conducted alongside a study on racial diversity, comparing a 

dark-skinned virtual human patient to the same virtual human patient with lighter skin.  The 

racial diversity study conflicted with this study, but effects were controlled for by group 
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assignment.  No significant interaction effects were observed between display and race on any 

measures.   

A between-subjects design was used.  While a between-subjects design reduced statistical 

power, it also reduced potential threats to the validity of the results. 

5.3.1.1 Application scenario and task 

The scenario for the VOSCE was one commonly experienced by physicians.  A patient had 

come into the clinic with some complaints.  The task for the student-physician was to interview 

the patient.  During the interview, the student-physician’s goals were to 1) gather enough 

information to make a preliminary diagnosis and form a treatment plan and 2) empathize and 

address patient concerns.  The pedagogical goal of the VOSCE was not to teach diagnostic skills, 

but instead develop the student’s ability to formulate questions, listen to patient responses, 

empathize with the patient, and provide the patient with relevant information.    

Two virtual human patients were used in the study—DIANA (DIgital ANimated Avatar), 

and EDNA (Elderly DiaNA).  DIANA had symptoms of acute abdominal pain and EDNA had 

found a mass in her breast.  The DIANA case had been used in previous studies for diagnostic 

evaluation and was used as a practice interview.  The EDNA case was developed for this study.  

It emphasized empathetic communication skills. 

5.3.1.2 Population and environment 

Medical students were actively recruited by the experimenters from the student population 

of the Medical College of Georgia.  Twenty-seven students volunteered to participate in the 

study.  Twenty-three (13 male, 10 female) of the participants were in their third year of medical 

school and four (2 male, 2 female) were in their first year of physician’s assistant school.  The 

third-year of medical school and first-year of physician’s assistant school are focusing on 

empathetic communication skills.  Participants were compensated $20 (USD) for their time.   
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There was a significant difference in backgrounds between the HMD and FTPD groups on 

the number of years in medical school.  This was because the four physician’s assistant students 

were all randomly assigned to the FTPD group.  However, a significant correlation was not 

observed between number of years in medical school and any of the copresence measures.  In 

addition, results did not change in significance when the physician’s assistant students were 

excluded from the analysis.   

The study environment was the surgical skills laboratory at the Medical College of Georgia 

over the course of four days.  This environment enhanced the difference in immersion between 

the HMD and FTPD.  The HMD provided full immersion in into the virtual examination room, 

while the FTPD only immersed the user in the virtual environment when the user looked at the 

display surface.  In contrast to other studies, the real environment was not a real examination 

room.  Thus, the FTPD was significantly less immersive. 

5.3.1.3 Measures 

Two approaches are commonly used to measure copresence—directly through self-

reported surveys and indirectly by measuring the extent to which expected effects of copresence 

are observed through cognitive and behavioral metrics.  This study used both approaches.  Table 

5-2 summarizes the measures used in the study. 

Bailenson et al’s copresence questionnaire was used [33].  The SUS presence survey 

obtained from [71] was used as a secondary measure.  These questionnaires directly prompt the 

participant with statements such as “I felt like there was someone else in the room with me”, and 

are answered on the 7-point Likert scale: 1 (strongly disagree) … 4 (neutral) … 7(strongly 

agree).   

The indirect measures of copresence were based on the expectation that copresence would 

influence related factors.  These include the extent to which the participant exhibited empathetic 
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behavior with the virtual human, enjoyed the interaction with virtual human, interacted 

realistically with the virtual human, and was critical of his or her own interaction with the virtual 

human.  Measures were used which were related to the medical interview task: 

Table 5-2. Measures of copresence used in Study I 

Measure Description Purpose 

Self-reported 
copresence 

Participants directly rate their 
feeling of being with the other 
person (the virtual human) 

Compared to cognitive and 
behavioral markers of copresence 

Self-
evaluation 
(pre-test) 

Participants rate their skill at 
important aspects of the medical 
interview (history taking, 
expressing empathy, etc.) 

Increases statistical power in 
between-subjects experiments 

Self-
evaluation 
(post-test) 

Participants rate their interviews 
of the virtual human patient 
(expressing empathy, taking a 
thorough medical history). 

Used to compare how critical 
participants were of their own 
performance, which is expected to be 
linked to copresence. 

Patient-
evaluation 

Participants rate the quality of 
the virtual human  in terms of its 
ability to simulate a patient 
interaction 

Higher rating would be indicative of 
“liking”, which is associated with 
copresence 

Observation of 
empathetic 
response 

Observers rate the empathetic 
quality of the participant’s 
response to the virtual human 
asking, “Could this be cancer?” 

More empathy indicates caring, and a 
belief that the virtual human 
understands emotional behavior.   

Observation of 
social 
response 

Observers rate the degree of 
realism in the participant’s 
response to the virtual human 
sneezing.   

Immediate, unconscious responses 
such as saying “Bless you” indicate 
that participants instinctively react to 
the virtual human as a real human 

 
Self-evaluation: In order to measure how critical participants were of their own behavior 

during the interview, a pre-test/post-test self-evaluation survey was administered, which was 

designed by medical faculty.  Participants had seen the survey before as part of coursework.  The 

pre-test asks participants to rate their skill at various aspects of a patient interview (e.g., 

expressing empathy 1 (lowest)…10 (highest)) prior to the interview.  The post-test asks 

participants to evaluate their actual use of those skills during the interview.  
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Patient-evaluation: To evaluate the how much participants enjoyed the interaction with 

virtual human patient, the Maastricht Assessment of Simulated Patients (MaSP) [69] was used. 

The MaSP is a survey originally designed for students to evaluate the quality of actors trained to 

be patients, but each item (e.g., “The patient answered questions in a realistic manner”) is 

directly applicable for virtual human patients as well.  Participants rated aspects of the virtual 

human performance, such as whether the virtual human exhibited patient complaints realistically, 

and the participant’s overall opinion of the virtual human. 

Observation of empathetic response: Emotional responses are indicated by the 

participants’ response to an empathetic opportunity presented by EDNA.  At seven minutes into 

each interview, EDNA says “My sister had cancer.  Could this be cancer?”  Video observers 

(three novices, one expert) quantified participants’ responses to this empathetic opportunity on a 

scale from one (not empathetic at all) to seven (very empathetic).  Two of the observers 

(novices) evaluated audio only, and the other two evaluated both audio and video.  This was to 

make sure that knowing the display condition (they could clearly see the participant in the HMD 

and could not observe facial expressions) did not bias the observer.  A participant who cares may 

respond with “I understand that you are afraid because you know cancer can be hereditary.  

We’re going to run some tests and get you the best care possible.”   

Observation of social response: In order to quantify realism of the participants’ social 

behavior, a predefined moment, similar to the empathetic opportunity was observed.  Edna 

sneezed two minutes after each participant began to interview her.  The responses were 

quantified as none, realistic, or unrealistic.  Both verbal (e.g., “bless you”) and non-verbal (e.g., 

head-jerk) responses were considered. 
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5.3.1.4 Procedure 

Participants began the experiment by filling out background surveys used to collect 

demographics, video game-playing and prior patient interview experience.  They also filled out 

the pre-test self-evaluation survey. 

Participants were then outfitted with a wireless microphone.  Then participants performed 

a one-minute microphone volume adjustment.  Participants in the HMD condition were then 

instructed to put on the HMD and shown how to adjust it.  Participants in the FTPD condition 

were instructed to put on the tracked hat (the HMD was tracked in the HMD condition).   

A two-minute tutorial was then conducted by the experimenter (same for all participants) 

where the participant was taught how to identify when speech recognition or speech 

understanding errors were preventing the patient from understanding the participant’s speech.  

For example, when the participant asks a question, the recognized text appears above the virtual 

human’s head.  If this text was not what the participant spoke, they know there was an error in 

speech recognition and they should repeat the question.  If the text is correct, they know that the 

virtual human does not know how to respond to the question and they should rephrase the 

question. 

The participant was then given an opportunity to practice interviewing DIANA until they 

felt comfortable with the system.  Immediately upon completion of the practice interview, the 

participant filled out a paper survey, which asked for a diagnosis and treatment plan for DIANA.  

The participant then re-entered the examination room and performed an unassisted patient 

interview of EDNA.  A ten-minute time limit (the length of time given for standardized patient 

interactions) was enforced for this interview. 

After the interviews, the participant was escorted back to the survey area to fill out the 

post-experience surveys.  The post-experience surveys included the MaSP, self-evaluation, self-
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reported presence, and self-reported copresence surveys.  The student also provided a diagnosis 

and treatment plan for EDNA.  

5.3.1.5 Statistical methods 

Data was analyzed using ANOVAs in SPSS with display condition as the independent 

factor.  Covariables, such as speech understanding accuracy (the percentage of the virtual 

human’s responses that were accurate), self-skill ratings, and demographics were included in the 

analyses when a significant correlation was observed with the dependent variable.  A power 

analysis revealed that with the group sizes (N=13, N=14), the analysis had the power to detect 

only large effects (delta = 1.1) at the acceptable 80% confidence.  

5.3.2 Results 

5.3.2.1 Self-reported presence and copresence 

The presence and copresence scores for each questionnaire were calculated by counting the 

number of high (6 and 7) ratings on each item.  The HMD group had a higher average score on 

presence (M=1.2, SD=2.0) than the FTPD group (M=0.4, SD=0.9).  The groups had similar 

scores on copresence, with the HMD group (M=0.8, SD=1.2) scoring slightly higher than the 

FTPD group (M=0.7, SD=0.7).  Neither difference was statistically significant, although the 

presence score was borderline (p=.10).  Consistent with others’ results, the presence and 

copresence scores were significantly correlated (r(25)=.46, p<.05).   

5.3.2.2 Self-evaluation and patient-evaluation 

A significant (p<.05) effect of display system was found in participants’ self-rating of their 

use of empathy after their interviews.  Participants in the HMD group (M=5.15, SD=1.82) rated 

their use of empathy higher than participants in the FTPD group (M=3.64, SD=1.34).  Relative to 

pre-test rating, the FTPD group scored themselves on average 3.7 (SD=1.3) points lower, while 

the HMD group scored themselves 2.5 (SD = 1.6) points lower.   
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The HMD group had a higher average rating of the patient (M=6.3, SD=1.2) than the 

FTPD group (M=5.6, SD=1.4), although the difference was not statistically significant.  We did 

find that the percentage of incorrect VH responses was a dominant variable in this rating (r(25) = 

-0.36, p=.07).  However, incorporating this covariable into the display type comparison did not 

change significance. 

5.2.2.3 Behavioral observations 

Social responses: There was a trend (p=.09) in how participants responded (verbally or 

non-verbally) to EDNA sneezing.  Out of 13 participants in the HMD group, 11 participants in 

the HMD group had no response, 1 had a delayed response, and 1 had an immediate response.  

Out of 14 participants in the FTPD group, 7 had no response, 4 had a delayed response, and 3 

had an immediate response.  This indicated a higher sense of copresence in the FTPD group 

because participants instinctively treated the virtual human as a real person.   

Empathetic responses: Contrary to the general lack of responses to EDNA’s sneeze, most 

participants (10 out of 13 in the HMD group, 9 out of 14 in the FTPD group) responded to the 

empathetic opportunity.  Analysis of the results from the four observers’ ratings of the 

empathetic opportunity did not find a significant difference between the HMD (M=3.25, 

SD=1.80) and FTPD (M=3.44, SD=1.91) groups.  The difference between the audio only 

observers and audio + video observers was not significant.   

Relationship between self-rating of empathy and empathetic response: The HMD 

group had a significantly higher self-evaluation score than the FTPD group.  In contrast, the 

observers rated the FTPD group’s empathetic responses slightly higher.  Correlating each 

participant’s self-rating to the observers’ ratings, we found that that the FTPD group had a higher 

correlation (r(12) = 0.46, p=.08) than the HMD group (r(11) = 0.00 ).  Using only the expert’s 

ratings, the difference was more prominent between FTPD group (r(12)=0.59, p<.05) and the 
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HMD group (r(11)=0.00)).  The difference between the correlations is borderline significant (z = 

1.54, p=.06).  This implied that the FTPD group was able to self-reflect on their interview more 

accurately than the HMD group.  The ability to self-assess one’s competence accurately is an 

important skill and any element that affects this ability could have an impact on an individual’s 

self-management of their learning [93], [94], [95]. 

5.3.3 Summary and Discussion 

In this work, we sought to identify the impact of two immersive visual display systems, a 

large-screen display (FTPD) and a non-stereo head-mounted display (HMD), on copresence with 

conversational virtual human agents.  A between-subjects comparison was performed for a 

medical interview task.  Copresence was directly measured by self-report questionnaires and 

indirectly by observing expected effects on task performance metrics.   

From a global perspective, there was no clear influence of display type on copresence.  In 

contrast to the pilot study results, which suggested that the HMD group would have higher 

copresence, the indirect measures (self-evaluation, behavioral observation) suggested that the 

FTPD group had higher copresence.  The FTPD group was more critical of their own behavior.  

Furthermore, the FTPD group was more accurate in their self-evaluation of their empathetic 

behavior.  The majority of participants in the HMD group also ignored social behavior from the 

virtual human, indicating that they were not paying attention to the virtual human except when 

asking questions.  The implication is that a difference between the displays caused this difference 

in self-perception and attention.   

The two most likely candidates are the level of immersion and the difference in 

encumbrance between the displays.  The latter is more likely, as participants tended to focus on 

the virtual human during the interview.  They did not leverage the 360-degree immersion of the 

HMD.  As a result, the immersion level was relatively similar between the two displays.  The 
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HMD encumbered participants with the weight, and wires of the device.  It raised their 

awareness that they were not interacting with another real person, and instead were interacting 

with a computer system.  Supporting this, many of the FTPD participants negatively rated their 

performance rather than the VHs performance.  The HMD group was less critical of themselves 

despite exhibiting similar empathetic behavior with EDNA.  Although participants’ behavior was 

not significantly changed, their cognition was different.  Interacting through the HMD 

emphasized the computer interface. Interacting through the FTPD emphasized the virtual human. 

5.4 Study II: Non-Immersive Visual Displays 

The life-size study compared two non-immersive displays for the IPS—a 42” plasma TV 

monitor (PTV), and a 22” LCD monitor (MON).  When using an immersive display is not 

practical (e.g., the FTPD required a large wall, and HMD does not allow easy interaction with 

real objects), a non-immersive display has been shown to be an effective alternative in spatially 

focused virtual environments [96].  For the purposes of this work, the term “non-immersive” is 

used to describe a display where the virtual world is not the dominant visual reality for the user, 

i.e. it does not occupy the majority of the user’s visual field. 

The study was designed to evaluate two displays for presenting the virtual human in a non-

immersive manner, similar to the prior study on immersive displays.  Again, the metric for 

evaluation was copresence.  The hypothesis was that presenting a life-size scale virtual human 

on the PTV enhances copresence relative to presenting a small scale virtual human on the MON.  

Figure 5-2 shows the two display conditions.  

The PTV condition (See Figure 5-2(top)) was designed to create the illusion of a person 

seated across a desk from the user, deemphasizing the display.  By orienting the PTV vertically, 

the upper body of the virtual human (torso, arms, and head) was closely framed.  The PTV was 

then placed in a standard desk-chair and placed behind a desk.  A picture was taken of the area 
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directly behind the PTV, and used as a texture for the background of the virtual environment.  

Finally, “fish-tank” was also enabled for this display using the same optical tracking system as in 

the immersion study.  The emphasis was on designing an experience that was visually similar to 

a real-world meeting.  

The MON condition (See Figure 5-2(bottom)) was designed to look similar to a traditional 

computer interface.  The MON was placed on the desk, with the virtual human displayed as 

sitting behind a virtual desk.  Further, a keyboard and mouse were placed in front of the monitor 

(although these were non-functional).  The same picture was used for the virtual environment 

background texture.  In contrast to the PTV condition, this experience was designed to similar to 

a video game, or teleconference. 

The resolution of the PTV and monitor were set at 1024x768, which is the maximum 

interpolated resolution supported by the plasma TV (native resolution 720x480).  The plasma 

was oriented vertically, so the horizontal resolution was 480 pixels in the plasma and 1024 pixels 

in the monitor.  The higher resolution of the monitor was not anticipated to be an important 

factor because the virtual human was represented by a similar number of physical pixels on both 

displays.   

5.4.1 Differences between Study I and Study II 

In addition to the types of displays compared, the life-size study was different from the 

immersion study in a number of significant ways.  For the life-size study, the VOSCE was used 

to teach pharmacy students to interview patients.  The change to the pharmacy domain required a 

different application context (one which focuses on problems with medications), and 

consequently the development of a new virtual human patient.  These changes were not expected 

to influence the impact of the displays on copresence because the primary purpose of the task, 

practicing interpersonal communication skills, did not change.   
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Figure 5-2. Virtual human displayed on a plasma television (Top) and a monitor (Bottom).  Real 
pill bottles enhance the experience.  A video camera records the experience for 
behavioral coding. 

One change that was expected to increase the power of the experiment to identify 

differences in copresence is a change to the simulation.  The previous study employed an 

autonomous agent to generate virtual human responses to user input.  However, for this study, a 

Wizard-of-Oz (WOz) was used to simulate a human-quality agent.  The speech recognition and 

understanding system was still used, however, to assist the WOz.  Participants were led to 
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believe that they were interacting with an autonomous agent by performing speech recognition 

training.  Additionally, they were shown a tutorial video that taught them how to recognize when 

the patient did not recognize their speech accurately.  The wizard could initiate scripted 

responses and animations.  To find the appropriate response quickly, the wizard has four options: 

• Manually search through the entire list of responses (~200 indexed by topic) 

• Use a search dialog to search the responses 

• Use one of twenty quick responses (e.g., “yes”, “no”, “right”) 

• Choose the response generated by the spoken language system 

During the study, the system performed efficiently.  The typical delay was less than two 

seconds from the end of the participant’s utterance.  The only difficulty arose when an 

appropriate response was not available (~5% of the time), to which the wizard would have the 

virtual human say “I don’t have an answer for that”. 

5.4.2 Design 

Similar to the immersion study, the life-size study was designed with display system (PTV 

and MON) as the independent, between-subjects variable.  A larger (N=39) population sample 

was used in response to the large variances in the data observed in the immersion study.  The 

same statistical methods were used to analyze the results.   This study had the power to detect 

smaller effects (d=.91) at the 80% power level than the previous immersion study. 

5.4.2.1 Application scenario and task 

In the pharmacy profession, the pharmacist’s role is changing from not only focusing only 

on dispensing the correct product to also assuring that the patient understands how to manage 

his/her own medication therapy [97].  These newer responsibilities require that the pharmacist 

have competency in communicating with patients and identifying medication therapy-related 

problems.  Specifically, students are taught how to inquire about prescription and 
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nonprescription medications, use of illegal drugs, the presence of side effects, drug allergies, and 

adherence to the medication regimen.  This interaction with the patient can occur in either a 

community pharmacy, ambulatory clinic, or a hospital setting.  

The goal of pharmacy educators in teaching the patient interview task is the same as 

medical educators, teaching interpersonal communication skills.  The best way to learn these 

skills is through practice, and the virtual human experience offers a way to increase the amount 

and diversity of student practice opportunities.  

Working with pharmacy educators, a scenario was developed similar to the peptic ulcer 

disease case found in [98].  The virtual human simulates a 35-year-old Caucasian male patient, 

VIC (Virtual Interactive Character).  VIC has had symptoms of abdominal pain for the past 

month, and his pain is getting worse. 

This case was designed to emphasize empathetic communication skills.  VIC was worried 

about the cause of his pain (possibly cancer), and the repercussions of the pain (needing to quit 

his job).  The pharmacist should empathize with VIC, while performing a thorough medical and 

medication history. 

5.4.2.2 Population and environment 

The virtual human patient was integrated as part of a clinical assessment exercise.  As part 

of their degree coursework, students completed 12 clinical practice assessments (CPAs) in the 

first year.  These CPAs involve a series of 8 to 10 practice tasks (e.g., taking a medical history).  

During the CPAs, students encounter standardized patients (hired actors) who are trained to 

simulate a patient.  The typical training environment is a community pharmacy or an ambulatory 

clinic environment.  The student sits in a chair across a desk from the patient and performs the 

designated task, typically a patient interview.  Students were not paid for their participation. 
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The program for this study was a University of Florida College of Pharmacy’s doctorate 

program for working professionals.  The program included a three-year curriculum which 

enables practicing pharmacists who have a bachelor’s degree in pharmacy to attain the Doctor of 

Pharmacy degree, which is now the sole degree for entry into the profession. The environment 

for this study was as described above.  In rooms 1-3, students encountered standardized patients; 

however, in room 4 one of the CPAs was with the virtual human patient, VIC.  Using non-

immersive displays utilized the surrounding real environment effectively, and easily enabled the 

virtual human to be incorporated into the natural testing environment.  

Thirty-nine students (12 men, 27 women) participated in the study.  One of the interesting 

aspects of working with the doctorate program is that the students were practicing pharmacists.  

As a result, the participants were older than what one might typically find in copresence studies.  

The average age of the participants was 41.23 years old (min=26, max=65, SD=8.649).  In 

addition, the population was culturally diverse (11 Asian/Pacific Islander, 11 African/Caribbean 

American, 2 Hispanic, and 15 Caucasian), many of whom had accents when speaking English.  

This was another reason for utilizing a WOz.  English speech recognition software often does not 

work well with users who have strong accents when speaking English.  

5.4.2.3 Measures 

The self-reported metrics (presence, copresence, self-evaluation, patient-evaluation) used 

in the immersion study were not used in the life-size study.  The only survey metric included in 

the study was a self-evaluation of empathy (pre and post).  A significant difference in self-

evaluated empathy was observed from the immersion study, suggesting that it might be a 

sensitive metric of copresence for the task.  

The study primarily focused on behavioral markers of copresence.  The reason for this was 

limited time with the participant.  The experience took place in a real-world testing situation, 
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which was time-limited.  Thus, all measures and the interaction needed to take place during a 20-

minute interval.  Behavioral measures were analyzed post-experiment, and did not require 

additional time.  In addition, behavioral measures were the most important from an educational 

standpoint.  Educators evaluate students’ interpersonal communication skills based on their 

behavior.   

Similar to the previous study, moments were used which would highlight the degree of 

copresence being experienced by the participant.  Using moments, rather than ratings of the 

entire interview enabled behavior to be assessed quickly and reliably.  Two moments were used: 

• Moment 1 (M1):  The first moment occurred when the pharmacist entered the room, and 
introduced herself as the pharmacist.  The patient asked (rudely), “Why aren’t I speaking to 
the doctor?” After getting an answer, the patient further stated, “I think I’d like to speak to 
the doctor!”  This type of moment is a common occurrence for a pharmacist working in a 
clinical setting.  Pharmacists are trained to respond pleasantly, to explain the purpose of 
the interview, and to comfort the patient. 

• Moment 2 (M2): Around seven minutes into the interview, the patient related to the 
participant: “my dad died of cancer” and asked, “could this be cancer?”  This moment was 
designed to evoke sadness and an empathetic response from the participant.  Pharmacists 
are trained to handle this situation delicately and professionally, expressing sympathy for 
the patient’s loss, and empathize by reassuring the patient that the medical team will do 
everything they can to find out what is wrong.  

The method for recording behavior was improved from the previous study.  Participants’ 

interactions with the virtual human were recorded from the front using a video camera.  In the 

previous study, video coders found it difficult to see the participants face.  Just facial expressions 

(independent of other non-verbal cues) may encode up to 33% of information in a conversation 

[84]. As seen in Figure 5-2, the camera was placed directly next to the display.  Participants were 

informed that they were being recorded, and signed an informed consent and waiver to this effect 

prior to the interaction. 

Five video coders independently coded all 39 videos.  A video coding form was designed, 

which focused on four aspects—engagement, empathy, liking, and realism.  Participants in the 
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high copresence condition (PTV) were expected to be more engaged, empathetic, pleasant, and 

natural than participants in the low copresence condition (MON).  Natural was reversed coded as 

robotic.  Coders evaluated each aspect on a 7-point Likert scale 1(not at all)…4 (neutral)…7 

(very).  

5.4.2.4 Procedure 

The experiment was pipelined into three stages.  The first stage consisted of the 

background survey, speech recognition training, and a tutorial video.  The tutorial video prepared 

the participant for the interview by briefly explaining the speech recognition system.  While 

speech recognition did not actually drive the interaction (although it did assist the WOz), 

participants were given the impression that they were interacting with a fully autonomous virtual 

human.   

In the second stage, the participant performed the interview.  Participants were instructed 

to take less than 15 minutes (the time given for standard clinical practice assessments) for the 

interview.  Most participants used the full time, spending an average of 13.4 minutes (SD = 4.1 

minutes) with the virtual human.  The experimenter acting as the WOz was hidden in a far corner 

of the room behind a large desk.  The experimenter was only able to hear the participant, which 

closely simulated a human-quality spoken language understanding system.  

In the last stage, the participant was asked to rate their use of empathy, and was debriefed 

by the experimenter.  During this debriefing, the participant was asked if they were aware that a 

WOz was controlling the virtual human.  While a few participants did believe there was someone 

controlling the virtual human, most participants were convinced that the virtual human was 

autonomous.  As the IPS was designed to be completely autonomous, it was important to hide 

the WOz.  Bailenson et al. found that users who perceived a virtual human to be an avatar 
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(controlled by a human) liked the virtual human more than users who perceived the virtual 

human to be an agent [33].   

5.4.3 Results 

5.4.3.1 Self-evaluation 

Similar to the immersion study, a significant effect of display type was observed on the 

participants rating of their use of empathy (p < .05).  Participants in the PTV condition (M=6.10, 

SD=1.55) rated their use of empathy lower than participants in the MON condition (M=7.05, 

SD=1.31).  Contrary to the immersion study, participants did not significantly lower their self-

ratings of empathy from pre to post experience, suggesting that participants perceived that they 

were able to empathize with the patient. 

5.4.3.2 Behavioral observations 

The reliability between the five coders was assessed for each item on the behavior coding 

rating form.  Table 5-3 shows the intra-class correlation for each coding item.  For each coding 

item, coders’ scores were averaged for analysis.  The average correlation was medium (0.614), 

and a factor analysis of the average data showed a single significant (Eigen value > 1.0) factor 

for each moment, which we propose is copresence. 

Table 5-3. Inter-coder reliability in judging critical moments (average measure intra-class 
correlation) 

Item CM1 CM2 
Engaged 0.614 0.654 
Empathetic 0.503 0.806 
Pleasant 0.743 0.373 
Robotic 0.684 0.536 

 
The behavioral data was analyzed using a multivariate ANOVA for each critical moment 

survey.  There was a significant multivariate effect of display type for both critical moments (M1 

Wilks’ λ=.59 p=.02, M2 λ=.612 p=.01).  As seen in both Figure 5-3 and Figure 5-4, in the PTV 

condition, participants were more engaged, empathetic, pleasant, and natural. 
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Figure 5-3. Results for Moment 1 (“Why aren’t I speaking to the doctor?”).  The dashed lines are 
+/- one standard deviation * (p<.05) ** (p<.01) 
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Figure 5-4. Results for Moment 2 (“Could this be cancer?”).  The dashed lines are +/- one 
standard deviation * (p<.05) ** (p<.01) *** (p<.001) 

The raw magnitude of engagement is also worth noting.  Participants in both the MON and 

PTV conditions were found to be engaged, but there was a main effect of display type in both 

M1 (p=.03) and M2 (p=.03), showing participants in the PTV condition were significantly more 
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engaged.  The reason for the high level of engagement in both conditions was likely the use of 

the WOz, and the isolation of the participant and the virtual human.  During the interview, the 

participant was left alone in an office environment.  With minimal breaks in copresence 

occurring from technology, such as errors in speech recognition and outside influences (e.g., a 

person holding an HMD cable), participants were engaged throughout the experience. 

In addition to qualitative behavioral coding measures, some observations were made that 

reflect the differences between the display conditions.  One of the memorable moments during 

the study occurred during M1 of participant 33’s interview (PTV).  Participant 33 was so 

engaged by the experience that he believed that the virtual human wanted him to go get the 

doctor.  

 He asked the virtual human to wait while he got help, exited the room, and asked the 

experimenter what to do.  At this point, the experimenter told him that he could not actually get 

the doctor, and that he needed to handle the complaint.  He returned, and adequately handled the 

complaint.  After this point, he was truly engaged by the experience.  Afterwards he told the 

experimenters that he did not know if VIC’s complaint was an error or part of the scenario.  

When he found out that it was part of the scenario, he was more impressed by the system and 

more willing to believe VIC’s responses. 

Participant behavior was also remarkable in M2.  M2 was an emotionally charged moment 

for many participants, and as seen in Figure 5-4, participants in the PTV condition were rated as 

more empathetic and pleasant than participants in the MON condition.  Emotional responses 

were observed in the PTV condition, such as those by participant 16.  Participant 16 had the most 

genuine, emotionally charged reaction the authors have ever seen in a human-virtual human 

interaction. 
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Participant 16 was clearly saddened to hear that the virtual human’s father died of cancer.  

She paused before responding to VIC, and answered slowly and carefully.  Her eyes appeared to 

water and she choked up.  After the interview, she told an experimenter that she almost cried.  

She then re-entered the room and exclaimed to VIC - “Loser!”  Abuse of robots is a known 

phenomenon [99], and appears to apply to virtual humans as well.  The example given suggests 

that virtual humans that evoke strong emotions from users may be more subject to robot or 

virtual human abuse.   

Overall, the observed responses of participants in the PTV group were more powerful and 

natural than in the MON group.  In addition to supporting hypothesis of higher copresence in the 

PTV group, the results have implications for the use of virtual human experiences in pharmacy 

education.  A PTV or similar display may assist educators in understanding how students would 

react to similar situations in the real world.   

5.4.4 Summary and Discussion 

In this study, two non-immersive display conditions were compared for their influence on 

copresence.  The first condition was a life-size scale virtual human displayed on a plasma TV.  

The second condition was a small scale virtual human displayed on a standard monitor.  The 

hypothesis was that the PTV condition would engender a higher sense of copresence than the 

MON condition.  The hypothesis was tested in the context of virtual human experience that 

allowed pharmacy students to practice patient interviews.  At moments during the interview, the 

virtual human patient challenged the participant with emotionally charged questions.  Answers to 

these questions were observed by video coders, who rated the extent to which participants 

seemed engaged, empathetic, pleasant, and natural. 

Analysis of study participants during the moments showed significant effects of display 

condition on cognition and behavior.  Participants in the PTV condition were significantly more 
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engaged, empathetic, pleasant, and natural.  They were also more critical of themselves.  They 

treated the virtual human as they would treat another person sitting across a desk from them.  

They paid attention to the virtual human and formed strong impressions of both the virtual 

human and themselves.  In the MON condition, participants treated the virtual human as they 

would treat a computer.  They appeared disconnected from the social interaction, and focused 

more on the general task (taking a medication history) than on the virtual human.  This suggests 

that the life-size virtual human displayed on the PTV engendered a higher sense of copresence 

than a small-scale virtual human displayed on the MON.  

The survey data indicate that participants in the MON condition felt that they used 

empathy more appropriately than participants in the PTV condition did.  This was the opposite of 

how behavioral coders rated participants’ use of empathy.  On both critical moments, 

participants in the PTV condition were rated as more empathetic than participants in the MON 

condition.  A similar effect was observed in the immersion study, where the FTPD participants 

were more accurate in their self-evaluation of empathy.  In addition to supporting the claim from 

the immersion study that the FTPD condition gave rise to a higher sense of copresence, this 

result shows that self-evaluation of empathetic behavior is a sensitive metric of copresence.  

Overall, the hypothesis of this study was supported.  For an interview task, the PTV 

condition created a higher sense of copresence than the MON condition.  The results have 

implications for designers of virtual human experiences.  Designers should be aware of the 

limitations of small monitor displays.  Small monitor based virtual human experiences are easily 

accessible; however, interpersonal communication skills go beyond simple procedures.  They 

involve complex social and emotional behavior.  Users will not be as emotionally impacted by 

virtual human experience on small monitor as they would with a real life-size person.  As a 
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result, small monitor based virtual human experiences may be limited for the evaluation and 

training of interpersonal communication skills.  

5.5 Limitations 

Ideally, both studies would have been combined into a 2 x 2 between subjects user study, 

with participants from the same population.  While this was the original plan, practical 

limitations on participant recruitment along with required statistical power prevented a large 

enough population for a combined study.  A positive aspect of this approach was that lessons 

learned from the immersion study could be applied to the life-size study.  Also, having both 

medical and pharmacy students involved in the studies enabled the results to be generalized to 

both populations and the greater healthcare population. 

Another limitation is that a WOz was used in the life-size study.  Few virtual human 

experiences would use this approach in real world training.  To understand how the greater 

interaction fidelity afforded by the WOz influenced copresence, the study was repeated with a 

new group of pharmacy students (N=35) to evaluate the MON and PTV conditions in a 

completely autonomous (no WOz) version of the IPS.  The system was entirely responsible for 

choosing VIC’s responses.  

Results suggested that an autonomous agent is less likely to elicit a significant feeling of 

copresence than a WOz agent is.  The groups did not have significant differences in self-

evaluation or behavioral ratings (engaged, empathetic, pleasant, and natural).  Between the 

studies, behavioral ratings were only significantly reduced in the PTV condition.  This suggested 

that the MON does limit copresence.  The PTV would offer increased opportunity for copresence 

as the quality of the simulation improved. 

It is important to note that the WOz was utilized in the immersion study because of speech 

recognition problems with the population group.  Indeed, this was the case during the second 
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pharmacy study.  The older, culturally diverse population was noticeably less satisfied with the 

performance of the IPS than population groups in previous studies.  Future studies in the 

pharmacy domain will likely use early pharmacy students rather than the working professional 

students.   

5.6 Chapter Summary 

Virtual environments incorporating virtual human agents are increasingly be used for 

interpersonal skills training and therapy.  To give users a sense of copresence with virtual 

humans, some effective virtual human experiences have used visual displays that provide 

immersion and life-size scale.  The purpose of this work was to understand the extent to which 

user copresence is influenced by visual display systems in a virtual human experience.  Two 

between-subjects experiments found significant differences on variables expected to be related to 

copresence. 

The primary findings in the fist study were that participants in the FTPD condition were 

more critical of their own behavior, and were more accurate in their self-evaluation relative to 

observer ratings than participants in the HMD condition were.  In contrast, observed behavior 

was similar between the two conditions.  Differences between pre and post experience self-

evaluations indicate that participants in the HMD condition were not as affected by the 

interaction.  The results highlighted the differences between spatial tasks common in most virtual 

environments and the social tasks of virtual human experiences.  Increasing immersion is often a 

trade-off with user encumbrance.  Whereas increased immersion may be important in spatial 

tasks, the close-quarter human-virtual human conversations did not leverage this increased 

immersion.  Without encumbering the user, a large projection screen offered enough immersion 

for users have strong feelings of copresence with the virtual human, to exhibit realistic social 

behavior, and to evaluate their behavior accurately.  By encumbering the user and emphasizing 

121 



 

the display hardware in the HMD condition, copresence was diminished, making the overall 

virtual human experience less effective. 

Results from the life-size study indicated that life-size scale virtual humans had a larger 

impact on copresence than immersion.  In the life-size study, user self-evaluation and behavior 

were strongly influenced by the display condition.  Participants in the PTV condition (life-size 

virtual human) were more engaged, empathetic, pleasant, and natural than participants in the 

MON condition (small-scale virtual human).  Participants in the PTV condition were also more 

critical of their own behavior.  Similar to HMD condition in the immersion study, participants in 

the MON condition tended to ignore the virtual human, to treat the virtual human as a computer, 

and ultimately to be less affected by the experience.  

5.7 Conclusions  

The main finding for this work was that changes to the natural interface of our virtual 

human experience affected its benefit for interpersonal skills education.  Specifically, results 

from two user studies suggested that the visual display system plays a critical role in user 

behavior during the virtual human experience, and reflection about the virtual human experience.  

We suggest using natural display systems that place less emphasis on the display hardware, and 

more emphasis on life-size scale virtual humans.  Participants using natural display system in our 

study treated, and reflected upon, the virtual human experience more like a real experience.  

Further, we suggest that the benefits of improved artificial intelligence may only be apparent 

under natural display systems.  Participant performance was higher with human-level 

intelligence (Wizard-of-Oz technique) only in the natural display interface condition.  The 

implication is that, to realize improvements in virtual human simulation, a natural interface 

should be used.
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CHAPTER 6 
SUMMARY AND FUTURE DIRECTIONS 

We have developed a system for interpersonal skills education.  Users practice, and are 

evaluated on, interpersonal skills through interaction with life-size virtual humans through a 

natural interface. 

6.1 Review of Results   

In this dissertation, we claimed that: 

An interpersonal simulator with a natural interface to virtual 
human agents elicits performance that is predictive of the user’s 
real world interpersonal skills. 

We first demonstrated an interpersonal simulator with a natural interface, the IPS.  The 

natural interface featured speech and gesture recognition to capture natural interaction, and life-

size virtual human agents.  The virtual human agents were modeled and animated with state-of-

the-art commercial tools, and demonstrated verbal and non-verbal behaviors with the user. 

We showed how the IPS could be applied to medical interview training.  Medical interview 

training emphasized interpersonal skills.  To train interpersonal skills, we developed an 

application called the VOSCE.  In the VOSCE students interviewed a life-size virtual human 

patient inside a real examination room.  The virtual human patient was capable of responding 

accurately to the majority (> 60%) of student interaction.  

The VOSCE and IPS were evaluated through a series of pilot user studies.  The results of 

these studies showed that the IPS and VOSCE were usable, and accepted by students as real 

world patient interview training tools.  Students highlighted natural interface components 

(speech, life-size virtual humans) as important to the experience.  The studies also showed that 

students with more experience interviewing real patients performed better with the virtual human 

patient. 
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We formally tested our claim with a validation study.  The validation study showed that 

users’ evaluated interpersonal skills were significantly correlated between the VOSCE, and its 

real world, validated counterpart, the OSCE.  The VOSCE had a similar predictive power of 

users’ real world interpersonal skills. 

After the validation, we studied an important component to the natural interface – the 

visual display system.  This purpose of this work was to 1) evaluate different visual display 

alternatives to the existing large-screen display, and 2) show that changes to the natural interface 

impacted user behavior.  We conducted a series of studies.  The first study found that a more 

immersive head-mounted display caused users to be less critical of their own behavior, and more 

critical of the IPS system.  The second study also found that a less immersive small monitor 

display had the same effect.  A large-screen display, with associated life-size virtual human, 

caused users to be substantially more engaged, empathetic, pleasant, and natural with the virtual 

human.   

Given these results, we find that the natural interface design was critical to elicit real world 

interpersonal skills.  Naturally embedding life-size virtual humans into the real world enabled 

users to think about, and treat, those virtual humans as they would real people.  

6.2 Future Directions 

Understanding the natural interface has provided the motivation to improve the virtual 

human simulation, in particular the virtual human perception and cognition components.  

Currently, the perception and cognition systems are limited implementations.  By recognizing a 

more complete set of non-verbal behavior, the virtual human could respond more accurately.  

The virtual human can only respond to the information it gathers, and currently this excludes 

important non-verbal features such facial expressions, eye gaze, voice tone.  The challenge is to 

integrate this tracking in a robust, efficient, and accurate manner without encumbering or 
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limiting the user.  One idea we are working on is that, while current sensing technologies (i.e. 

cameras, microphones) are not as capable as human equivalents (vision, hearing), the virtual 

human system may be able to compensate by having more sensors (e.g., 10 cameras or 

microphones).  This approach would also leverage increasingly parallel processing architectures. 

Just having better perception is not enough to increase virtual human simulation 

performance.  The virtual human must also give plausible responses to user input.  Our approach 

has been to create a database of responses and input templates for matching.  From Wizard-of-Oz 

studies, we know that this approach could be capable of responding accurately to over 95% of 

user utterances, given human-level intelligence in choosing the response.  A current effort is to 

expand the number of input templates for each response.  The method for doing this is to provide 

a web-based interface to the IPS.  Using this interface, hundreds of health-professions students 

are using the IPS, and adding appropriate input templates and responses.  To leverage this 

expanded database in the virtual human experience, we need to understand how typed input is 

different from spoken input.   

Finally, we have only provided a natural interface for two human senses, visual and aural.  

While there is little demand for some senses such as taste in interpersonal simulation, smell and 

touch interfaces have been proposed which could improve and expand the use of interpersonal 

simulation.  Some work has already been started in this area by adding a mannequin with touch 

sensors to the IPS.  Initial experiments show that the touch interface is usable and accepted by 

end-users [100].  More work needs to be conducted in this area to make the touch interface 

bidirectional (i.e. the virtual human can touch the user), and to allow the touch interface to move 

with the virtual human. 
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APPENDIX A 
SURVEYS 

A.1 Technology Survey 

The following was important to the experience… (1 strongly disagree, 4 neutral, 7 strongly 

agree) 

Interacting with DIANA using speech 

Interacting with DIANA using gestures, e.g., shaking her hand and pointing at a 
location on her body 

Having the scene move when I moved my head  

Seeing DIANA and VIC at life-size 

Having the system in the Harrell Center 

Taking notes and receiving information on the TabletPC 

I felt that… (1 strongly disagree, 4 neutral, 7 strongly agree) 

The characters spoke realistically 

The accuracy of the system’s speech recognition was sufficient to complete the 
task 

I would rather type my questions if it improved the system’s accuracy in 
understanding my intent 

For communication skills… (1 strongly disagree, 4 neutral, 7 strongly agree) 

The system is a valuable training tool 

The system is a valuable teaching tool 

The system is a valuable evaluation tool 

If this system were installed in a room at Shands (available 24/7) … (Daily, Weekly, 

Monthly, Never) 

I would use it 
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A.2 Experience Satisfaction Survey 

All items are rated on a scale from 1 (strongly disagree) to 3 (neutral) to 5 (strongly agree) 

unless otherwise indicated. 

Virtual Patient 

VP appears authentic 

VP is challenging/testing the student 

VP simulates physical complains unrealistically 

VP answers questions in a natural manner 

VP appears to withold info unnecessarily 

VP appearance fits the role 

VP stimulates the student to ask questions 

I can judge from the reactions of the VP whether he/she listens to the student 

VP communicates how she/he felt during the session 

What mark (1 lowest-10 highest) would you give the VP for this interaction? 

Instructor 

VIC gives constructive criticism 

I liked the instructor interrupted during the interaction 

I would like feedback from instructor only at the end of the session 

Overall 

I found this a worthwhile educational learning experience 

I would use this as a practice tool 
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A.3 Interview Skills Checklist 

Information (Check Yes or No) 

1. The pain started yesterday around 8pm 

2. The pain started in the middle of my abdomen and moved to my lower 
right side 

3. The pain is sharp and stabbing 

4. I am nauseated 

5. I vomited one time around 11pm last night 

6. I do not feel like eating anything 

7. I had one soft, brown stool yesterday around 6pm. I do not have diarrhea 

8. I am sexually active 

9. I had my period around a week ago 

10. I do not have any vaginal discharge 

11. My temperature has been around 100 

12. I do not have burning, urgency or frequency with urination 

Quality (Select one) (1 (lowest quality)-4 (highest quality) 

1. Attentiveness 

(1) Did not seem to really be paying attention or listening; Interrupted without 
apology or explanation 

(2) Attention drifted at times; asked a question that had already been answered 
without apology 

(3) Appeared to be paying attention 

(4) Appeared to be paying attention and responded to verbal or non-verbal cues 

2. Eye Contact 

(1) Little or no eye contact 

(2) Some eye contact 
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(3) Appropriate eye contact at most times 

(4) Appropriate eye contact at all times 

3. Body Lean 

(1) Little or no forward body lean 

(2) Some forward body lean 

(3) Appropriate forward lean at most times 

(4) Appropriate forward lean at all times 

4. Head Nod 

(1) Little or no head nodding 

(2) Some head nodding 

(3) Appropriate head nodding at most times 

(4) Appropriate head nodding at all times 

5. Level of Immersion 

(1) Did not appear to be immersed at any time 

(2) Appeared to be immersed some of the time 

(3) Appeared to be immersed most of any time 

(4) Appeared to be immersed at all times 

6. Level of anxiety 

(1) Little or no anxiety 

(2) Had some anxiety during the interview 

(3) Appeared anxious at most times 

(4) Appeared anxious at all times 

7. Attitude 

(1) Made judgemental comments of criticized patient; OR talked down to patient 

(2) Made 1-2 comments with inappropriate affect 
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(3) No judgemental comments; talked to patient as an equal 

(4) No judgemental comments; talked to patient as an equal; offered 
praise/encouragemtns with opportunity arose 

8. Empathy and Support 

(1) Offered no empathetic comments; No encouragement or support (did not state 
intention to help) 

(2) Offered only breif supportive of empathetic comment and only in response to 
a distinct emotional statement by patient. Comments may seem prospective or 
forced 

(3) Offered empathetic or supportive comments OR stated intention to help 

(4) Offered empathetic or supportive comments OR stated intention to help; 
despite limited time seemed to be on way to establishing a caring relationship 

9. Clarity of questions 

(1) Frequent unclear questions: patient has difficulty in understanding what was 
being asked 

(2) Some unclear questions: patient has difficulty once or twice understanding 
what was being asked 

(3) Clear Questions 

(4) Clear Questions 

Process (Check Yes or No) 

1. The student greets the patient 

2. The student introduces self and role 

3. The student explores the patients concerns re problem (chief complaint) 

4. The student progresses using transitional statements (moving from HPI to 
PMH, FMH, SH, ROS, etc.) 

5. The student allows adequate time for the patient to respond to questions 

6.  The student uses verbal facilitators (tell me more, please continue) 

7. The student ends the interview(summary statement, checks accuracy, asks 
for patient questions, thanks patient) 
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8. The student conducts the interview in a logical and orderly fashion and 
was responsive to patient verbal and nonverbal comments 

9. Did the student ask about pertinent social history 

10. Did the student ask about pertinent family medical history 

11. Did the student ask about pertinent past medical history 

12. Did the student ask about pertinent history of present illness 

13. Did the student ask about pertinent review of systems 

Overall rating of the interaction  

1, 2, 3 (Unsatisfactory) 4, 5, 6 (Satisfactory) 7, 8, 9 (Superior)  
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APPENDIX B 
RAW STUDY DATA 

B.1 Study Data for Section 3.4 

Interacting with DIANA using 
speech 7 7 7 7 7 6 6
Interacting with DIANA using 
gestures 4 4 4 4 1 3 1
Having the scene move when I 
moved my head  2 4 7 4 1 4 1
Seeing DIANA and VIC at life-
size 7 4 6 7 7  7
Having the system in the 
Harrell Center 7 6 7 4 4 7 6
Taking notes and receiving 
information on the TabletPC 5 5 2 4 7 3 5
The characters spoke 
realistically 5 5 1 6 5 5 5
The accuracy of the system’s 
speech recognition was 
sufficient to complete the task 7 3 7 2 2 3 3
I would rather type my 
questions if it improved the 
system’s accuracy in 
understanding my intent 2 2 1 6 2 7 7
The system is a valuable 
training tool 7 6 7 7 6 5 6
The system is a valuable 
teaching tool 7 6 7 7 6 5 6
The system is a valuable 
evaluation tool 7 6 5 2 3 5 6
VP appears authetic 4 4 5 4 4 4 4
VP is challenging/testing the 
student 4 2 5 4 4 4 4
VP simulates physical 
complains unrealistically 2 3 4 2 1 2 4
VP answers questions in a 
natural manner 2 3 2 2 4 2 2
VP appears to withold info 
unnecessarily 3 1 1 1 2 2 4
VP appearances fits the role 3 4 3 4 5 4 5
VP stimulates the student to 
ask questions 4 4 5 5 2 4 5
I can judge from the reactions 
of the VP whether he/she 
listens to the student 4 3 4 5 1 2 2
VP communicates how she/he 
felt during the session 4 5 5 5 3 3 5
What mark (1-10) would you 
give the VP for this interaction? 6 7 7.5 7 6 5 6
I would use this as a practice 
tool 4 5 5 5 5 2 4
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B.2 Study Data for Section 3.5 

Interacting with DIANA using 
speech 7 6 7 6 7 7 7 7 7 5
Interacting with DIANA using 
gestures 7 4 4 4 4 2 5 5 4 3
Having the scene move when 
I moved my head  4 4 5 5 7 4 6 2 3 4
Seeing DIANA and VIC at 
life-size 6 4 7 6 7 7 6 3 7 5
Having the system in the 
Harrell Center 5 6 7 3 6 7 5 1 7 1
Taking notes and receiving 
information on the TabletPC 7 6 1 3 6 7 3 4 7 3
The characters spoke 
realistically 6 5 6 6 3 7 5 5 5 7
The accuracy of the system’s 
speech recognition was 
sufficient to complete the task 5 6 5 2 5 5 6 5 5 5
I would rather type my 
questions if it improved the 
system’s accuracy in 
understanding my intent 3 6 1 6 3 2 5 6 3 4
The system is a valuable 
training tool 6 7 7 4 5 6 5 6 7 6
The system is a valuable 
teaching tool 6 7 7 3 5 6 5 6 7 4
The system is a valuable 
evaluation tool 5 7 7 5 4 2 5 4 2 1
VP appears authetic 4 5 4 4 4 4 4 4 4 5
VP is challenging/testing the 
student 2 5 4 4 4 4 4 3 4 4
VP simulates physical 
complains unrealistically 2 2 2 4 3 4 2 2 2 2
VP answers questions in a 
natural manner 4 4 4 2 2 5 4 5 2 5
VP appears to withold info 
unnecessarily 2 1 2 3 2 1 3 4 2 1
VP appearances fits the role 5 3 4 5 5 4 5 4 2 3
VP stimulates the student to 
ask questions 4 4 4 4 4 5 3 2 5 2
I can judge from the reactions 
of the VP whether he/she 
listens to the student 4 4 4 3 4 4 5 1 3 3
VP communicates how 
she/he felt during the session 5 3 4 2 4 5 4 4 4 4
What mark (1-10) would you 
give the VP for this 
interaction? 8 8 9 6  8 7 8 7 4
I would use this as a practice 
tool 5 5 5 3 4 4 4 4 5 4
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B.3 Study Data for Section 4.4 

VOSCE 

Participant Overall Score / (1-
9) 

Information / 0- 
12

Process / 0-
13

Quality /(1-
4) 

Patient Rating / (1-
10)

1 1 3 6 2.375 6
2 4 8 7 1.875  
3 4 7 7 1.75  
4 6 8 11 2.375 7
5 5 8 10 2  
6 4 8 9 2.5  
7 4 6 6 2.375 4
8 1 3 6 2.125 2
9 2 5 3 1.875  

10 3 6 5 2  
11 3 6 10 2.875 6
12 3 3 10 2.25 3
13 2 5 7 1.75 8
14 3 2 6 2.125 3
15 3 6 8 2.375  
16 1 3 6 1.875  
17 2 3 8 1.625  
18 6 8 11 3 2
19 2 6 6 1.375  
20 2 3 7 2.375  
21 5 6 11 2.5  
22 1 3 4 1.5  
23 4 8 13 2.375 5
24 3 5 5 2 4
25 4 7 8 2 7
26 4 7 10 2.25 7
27 3 4 5 1.875  
28 2 3 8 2.125 6
29 2 5 6 1.75  
30 3 4 10 2.75 4
31 2 6 5 2 5
32 4 7 9 2.125 4
33 4 7 9 2.125  

 

OSCE 

Participant Overall Score / 
(1-9) 

Information / 0- 
12

Process / 0-
13 Quality /(1-4) 

Patient Rating / (1-
10)

1 1 3 7 2.5 8
2 4 6 10 2.25  
3 3 5 8 2.375  
4 6 9 11 3.25 9
5 5 9 11 2.75  
6 3 6 7 2.375  
7 5 8 12 3 8
8 4 6 11 2.428571429 9
9 3 5 9 2.5  
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10 5 8 11 2.625  
11 3 6 8 2.5 7
12 5 7 13 2.625 7
13 4 9 13 2.75 8
14 4 5 11 2.625 7
15 2 4 8 2.375  
16 3 5 8 3.375  
17 3 6 8 2.125  
18 4 7 10 3.125 7
19 2 6 7 2.25  
20 3 7 9 3.428571429  
21 4 5 11 2.75  
22 3 4 11 2.25  
23 3 5 10 3.125 8
24 3 5 10 3 9
25 5 8 10 2.25 7
26 2 5 9 2.25 8
27 2 4 6 2.75  
28 2 5 5 2.142857143 8
29 3 4 9 2.25  
30 3 4 10 2.625 8
31 1 4 6 2.25 8
32 4 7 11 2.714285714 9
33 2 4 8 2.375  
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B.4 Study Data for Section 5.3 

Participant  
Self-Rating 
Empathy 

Patient 
Rating 

Observed 
Empathy 
(AV) 

Observed 
Empathy (A) 

Presence 
Count 

Copresence 
Count 

1 4 5 1 1 0 1
2 4 5 5.5 5 0 1
3 3 6 2 2.33 0 0
4 8 7 1 1 1 1
5 3 6 4 3.67 0 2
6 3 8 1 . 2 1
7 5 4 6.75 6 0 0
8 2 8 1 1 0 0
9 5 5 5.75 6.33 0 2

10 6 6 5.75 6.67 1 0
11 7 8 4 4.33 0 1
12 3 7 2 2.67 5 2
13 4 4 4.5 5 1 0
14 4 7 3.75 5.33 0 3
15 6 6 5.75 6.67 0 0
16 2 4 4 4.67 0 0
17 4 6 3.5 3.33 0 0
18 1 5 2.75 3 0 0
19 4 6 1 1.67 1 0
20 4 6 5.75 5.67 3 1
21 6 7 2 2.33 0 0
22 8 7 1.75 1.67 6 3
23 4 7 3.5 3.67 0 1
24 5 4 4.75 4.67 0 1
25 6 7 4.25 4 2 0
26 3 6 1 1.33 0 0
27 4 3 2.5 3.33 0 0
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B.5 Study Data for Section 5.4 

Partici
pant 

Self-
Rating 
Empathy 

M1 
Engage
d 

M1 
Empath
etic 

M1 
Pleasa
nt 

M1 
Roboti
c 

M2 
Engag
ed 

M2 
Empath
etic 

M2 
Pleasa
nt 

M2 
Roboti
c 

1 7 5.4 3.6 5 1.4 4.25 3 5 3.5 
2 6 . . . . 5 4 4.2 3 
3 7 . . . . . . . . 
4 7 . . . . . . . . 
5 7 . . . . 5.2 4.4 2.4 4.2 
6 6 5 4.25 2.75 2.5 . . . . 
7 6 2.6 1.75 2 4.6 3 3.5 3.5 5 
8 6 4.8 4.8 5.2 1.8 5.6 5.2 5 1.8 
9 4 5.8 4.6 5.8 1.2 6 2 5 2 

10 3 5.2 3.2 5.6 1.8 5.5 6 5.5 1.5 
11 6 5.8 3.6 4.8 2.6 5.8 4 4.4 2.6 
12 8 . . . . 3.6 1.8 3 4 
13 9 . . . . . . . . 
14 5 5.6 4.6 3.8 1.6 4.75 2.75 3.75 2.25 
15 7 4.8 4.2 4.8 1.8 5 4.8 4.4 2.8 
16 5 6 4 4.4 1.2 6.75 7 6.75 1 
17 9 4.6 3.4 3.6 2.8 5.4 5.8 4.6 3.2 
18 9 4.8 3.4 4.2 2.4 5 4.6 4 3.4 
19 4 3.4 2.2 3.8 4.4 . . . . 
20 7 5.6 2.8 3.6 2 4.2 1.8 3.4 2.6 
21 8 4.6 3.2 3.6 3 5.6 6.2 4.8 2.8 
22 7 4.8 3.4 4.4 3.8 5.2 4.2 4 3.2 
23 6 . . . . 5 5.2 4 2.2 
24 8 . . . . 3.25 2 2 3.75 
25 4 5.4 3.8 4.8 1.6 5.8 5.6 4.8 1.4 
26 7 5.4 2.4 2.8 2.2 4.8 4.8 4 2 
27 6 5.4 3.8 4.4 2.4 5 4.6 4.2 2 
28 6 5.4 3.2 3.8 1.8 6.4 6.4 5.2 1 
29 8 3.5 3 3 1.5 6.2 6 5 1.6 
30 9 3.75 2.75 4.25 4 4.8 5.4 3.4 4.2 
31 6 4.75 3.75 4.5 1.25 4.4 3.4 3.4 2.75 
32 6 4.8 3.8 2.6 2.8 3.8 3.6 3.6 2.6 
33 7 5 3.6 3.2 1.4 6.2 6.4 5.2 1.8 
34 7 4.8 3.2 3.2 3.4 4.67 4 3.67 5.67 
35 8 6 4.2 3.8 1.6 6.2 6.4 5.2 1.2 
36 4 5 5 3 1 3.2 3.6 3.2 3.4 
37 8 3 2.8 2.8 3.6 4.8 2.4 3.4 2.8 
38 7 4.4 2.8 2.6 3.6 4.6 4.2 3.8 3.4 
39 6 6.5 4.5 5.25 2.5 6 4.8 4.4 2.2 
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