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ABSTRACT 
This paper reports on a study to examine the similarities and 
differences in experiencing an interpersonal scenario with real and 
virtual humans.  A system that allows medical students to 
interview a life-size virtual patient using natural speech and 
gestures was used as a platform for this comparison. Study 
participants interviewed either a virtual patient or a standardized 
patient, an actor trained to represent a medical condition.  Subtle 
yet substantial differences were found in the participants’ rapport 
with the patient and the flow of the conversation.  The virtual 
patient’s limited expressiveness was a significant source of these 
differences. However, overall task performance was similar, as 
were perceptions of the educational value of the interaction. 

 
CR Categories and Subject Descriptors: J.3. Life and 

Medical Sciences, K.3 Computers and Education, H.5 Information 
Interfaces and Presentation 

Additional Keywords: Virtual Characters, Multimodal 
Interaction, Human-Computer Interaction, Medical Education, 
Immersive Virtual Environments  

1 INTRODUCTION 
Advances in rendering, audio, and animation allow virtual humans 
to be presented with increasing levels of fidelity.  Improvements 

in tracking, gesture recognition, and voice recognition also enable 
natural means of interaction.  This combination of high-fidelity 
output and natural input has led to research into the use of virtual 
humans as partners in interpersonal scenarios.   

The concept of interpersonal, virtual humans raises an 
important question: How is experiencing an interpersonal scenario 
with a virtual character similar to – and different from – 
experiencing one with a real person?  Clearly there must be 
differences, as no one would be “fooled” by a virtual character 
into thinking they were interacting with a real person.  But, in 
which ways can they be similar?  What are the key differences?  
This study explores these questions by analyzing self-reported and 
behavioral measures of participants in similar interpersonal 
interactions with real and virtual people.  The study asks: 

• Are post-encounter impressions similar? 
• Are empathy and other emotions and attitudes similarly 

expressed?   
• Which social constructs are followed?   

These questions must be explored to:  
1. Determine the extent to which interpersonal scenarios 

can be simulated with virtual humans 
2. Identify how component technologies need to improve 

to enable effective interpersonal virtual human systems 
As current technology does not allow simulation of any general 

interpersonal scenario, this work employed a specific standardized 
and constrained scenario.  In [13], a system was presented that 

 

Figure 1 – A real interpersonal interaction (right) and an equivalent virtual interpersonal interaction (left).  In the real interaction, a medical 
student interviews a real standardized patient.  In the virtual interaction, the medical student interviews a virtual patient.   



allowed medical students to interview a life-size virtual patient 
using natural speech and gestures.  The highly-constrained 
structure of the doctor-patient interview and natural interaction 
with the virtual humans led participants to (anecdotally) treat the 
virtual patient similarly to a standardized patient [9]. 

This system was used as a platform to explore the similarities 
and differences between real and virtual interpersonal scenarios.  
Twenty-four medical students conducted a patient-doctor 
interview: 

They were divided into two groups: 
• Group VP interacted with a virtual patient representing 

a specific condition (Figure 1 - left). 
• Group SP interacted with a standardized patient, an 

actor representing the same condition (Figure 1 - right) 
The interactions were compared using the following metrics: 
• Student assessment of patient (virtual or real) 

performance 
• Expert assessment of student performance 
• Patient (virtual and real) assessment of student 

performance 
• Participant behavior during the interaction 

Several key similarities between interacting with real and 
virtual humans were found.  Participants in both groups performed 
equally well on overall task performance (condition diagnosis), 
and impressions of the educational value of both interactions were 
similar.  Also, measures of the components of the virtual patient’s 
authenticity were similar to that of the standardized patient. 

Subtle, yet substantial differences were found in the flow of the 
conversation and participant rapport with the patient.  The virtual 
patient’s limited expressiveness was a significant source of these 
differences.  

These results show that the primary goals of the interaction 
were met even though the virtual human is easily distinguishable 
from a real human.  However, significant effort should be applied 
towards creating expressive virtual humans to improve the 
effectiveness of interpersonal scenarios. 

2 PREVIOUS WORK    

2.1 Effective Virtual Humans  
Several virtual character systems have been developed for 
training, teaching, and education.  Thórisson [21] presented an 
interactive guide named Gandalf that takes users on tours of the 
solar system.  USC’s Institute for Creative Technologies has 
created virtual experiences to train military personnel in 
interpersonal leadership [12].  The Just VR system [15] allows a 
medical trainee to interact with a virtual assistant to assess and 
treat a virtual victim. The Human Modeling and Simulation Group 
at the University of Pennsylvania uses virtual humans for task 
analysis and assembly validation [2]. 

Researchers have worked to establish the basis of effective 
virtual humans.  Badler et al [3] suggest that virtual humans 
“should move or respond like a human” and “must exist, work, act 
and react within a 3D virtual environment.”  Alessi and Huang [1] 
expand these rules further in the context of virtual character 
applications for psychology.  They highlight the need for virtual 
humans to be social, emotionally expressive, and interactive.  
Virtual humans should be able “to capture and assess a viewer and 
their emotional status, then translate this, taking into consideration 
cultural, educational, psychosocial, cognitive, emotional, and 
developmental aspects, and give an appropriate response that 
would potentially include speech, facial, and body emotional 
expression.”  Thorisson and Cassell [22] agree that emotional 
expression is likely important, but non-verbal behaviors that 
support the conversation, e.g. hand gestures for pointing at objects 

being discussed and looking at the user to indicate attention, are 
more significant.  In a review of virtual character research, 
Vinayagamoorthy et al [24] concluded that 1) the behavioral and 
visual fidelity of virtual humans must be consistent, and 2) a 
virtual character’s expressions should be appropriate for the 
context of the application.  Nass has pioneered research into the 
affective power of computers and intelligent agents.  Their work 
has shown that people can ascribe very human characteristics to 
computers, such as helpfulness, usability, and friendliness [16]. 

2.2 Human Behavior with Virtual Humans 
There is growing evidence that people treat virtual people 
similarly to real people.  Pertaub et al [18] noted participants with 
a fear of public speaking talking to an audience of virtual humans 
reported similar anxieties as when speaking to an audience of real 
people.  Garau et al [11] showed that realistic, task-appropriate 
avatar eye-gaze behavior led to improved communication between 
the people represented by the avatars. 

Bailenson et al have shown that people manage their personal 
space when interacting with virtual humans similarly to when they 
interact with real humans.  They found that people displayed a 
tendency to put more space between them and an embodied tutor 
than they did with strangers [4], and participants maintained more 
distance from embodied agents than inanimate virtual objects [5].  
Female participants maintained more distance from embodied 
agents that maintained eye contact than with agents that did not. 

2.3 Virtual Versus Real Experiences 
We have found little work that directly compares real and 
simulated interpersonal scenarios.  However, researchers have 
compared other virtual environments to their real counterparts.  In 
the psychology domain, Emmelkamp et al [10] compared the 
reactions of acrophobes in similar virtual and real environments.  
Using standardized measures of acrophobia, the authors found 
that exposure therapy in the virtual environment was as effective 
as therapy in the real environment.  Rothbaum et al [19] compared 
virtual and real exposure therapy for those with fear of flying.  
Results show experiencing a virtual airplane is just as effective as 
experiencing a real plane in reducing fear of flying anxiety.  Both 
types of therapy are significantly better than no therapy at all. 

Others have looked at human perception of real and virtual 
stimuli.  To explore the use of VR for lighting and color planning 
in buildings, Billger [6] examined the perception of color in 
virtual and real environments.  Wuillemin et al [26] looked at 
differences in the perception of virtual and real spheres presented 
visually and with haptics.  Virtual spheres presented visually were 
perceived as larger than real spheres of the same size. 

Slater et al [20] looked at the social behavior of small groups in 
real and virtual environments.  Immersed participants were 
viewed as leaders by their peers in the virtual scenario but not in 
the real environment.  Furthermore, group accord was higher in 
the real environment.  

3 VIRTUAL PATIENT SYSTEM 

3.1 Doctor-Patient Interview Overview 
The medical practitioner’s goal during the interview is to get the 
key facts of the patient’s condition and come to a differential 
diagnosis, a list of possible conditions the patient may have.  Also 
important is communicating with the patient and addressing their 
fears (rapport).  Research has shown medical communication 
skills can be taught and practiced and do not just improve over 
time with clinical experience [14].  The interaction between 
patients and doctors during initial diagnosis is an interpersonal 
scenario 1) which can be simulated despite the technology 



limitations, 2) where practice is costly, and 3) where immersion 
and fidelity is important.  

3.2 System Description 
The system used in the virtual patient interaction was similar to 
the one described in [13] (Figure 2).  On the wall of a real 
examination room, a virtual exam room (modeled as an extension 
of the real room) was projected at life-size.  Participants interacted 
with the virtual patient, DIANA (a 5’6”, 18-year-old Caucasian 
female), and a virtual instructor, VIC, with speech and gestures.   
Commercial speech recognition software and a simple algorithm 
for parsing utterances [9] allowed the participant to talk to VIC 
and DIANA naturally within the scope of the scenario.  An index 
finger was tracked, allowing the participant to localize DIANA’s 
pain with simple pointing gestures.  The participant’s head was 
tracked to render the scene from her perspective, and DIANA and 
VIC can maintain eye contact with the participant.  

DIANA’s appearance and responses are based on a real 
standardized patient, Maria, trained in acute abdominal pain 
(AAP).  AAP is a common ailment and a basic scenario in patient-
doctor interaction and communication skills education.  The goal 
was to create similar real and virtual interpersonal interactions 
with an AAP patient. 

4 STUDY DESIGN 
A preliminary study was designed to explore similarities and 
differences between the real and virtual interpersonal scenarios.  
One group of students (Group VP) at the Medical College of 
Georgia (MCG) interviewed the virtual patient, and another group 
of students (Group SP) at the University of Florida (UF) 
interviewed a real standardized patient.  Standardized patient 
interviews are real interpersonal interactions that represent a gold 
standard to which to compare the virtual patient interaction. 

4.1 Measures 
The following measures were used to compare the virtual and real 
interactions. 

4.1.1 Student Assessment of Standardized/Virtual Patient 
The Maastricht Assessment of the Simulated Patient (MaSP) 

[25] is a validated survey used to evaluate standardized patients.  
A modified MaSP, focusing on patient authenticity and behavior, 
was used to assess the standardized and virtual patient.  Questions 
on the MaSP include whether the patient is challenging/testing, 
whether the patient maintains appropriate eye contact and whether 

the simulated patient could be a real patient.  Participants in both 
groups filled out the MaSP after the interview.   

4.1.2 Standardized/Virtual Patient Assessment of Student 
A grading system jointly devised at MCG and UF was used to 
assess student performance in the standardized and virtual patient 
interviews.  In an acute abdominal pain scenario, twelve critical 
pieces of information must be elicited from the patient to reach a 
correct differential diagnosis.  These include when the pain 
started, the location of the pain, and whether the patient is 
sexually active.  Eliciting seven of the twelve items constitutes a 
passing grade.   

Group SP: The standardized patient graded participants by 
noting what critical information she revealed in the interview. 

Group VP: The virtual patient system graded students by 
logging the critical information it revealed in the interview. 

4.1.3 Expert Assessment of Student 
Medical experts from both institutions watched video tapes of 
Group VP and Group SP.  The interactions were graded using the 
critical information measure discussed in the previous section. 

4.1.4 Behavioral Measures 
Interactions were examined for behavioral differences between 
the two groups.  Oviatt observed spontaneous disfluencies (false 
starts, hesitations, filled pauses, repairs, fragments) occur less 
frequently in machine-human interaction than in human-human 
interaction [17].  Therefore, interactions were assessed on 
qualitative and quantitative measures of the flow of the 
conversation.  The number of confirmatory words, like “ok” and 
“mmhmm,” were counted.  Such phrases are often used when a 
person understands what the other is saying and wants to continue 
with the next topic.  Obvious qualitative differences were also 
noted as they were observed. 

The interactions were also analyzed for empathetic behavior.  
Empathizing with the patient is an important skill that lets the 
patient know the doctor understands her situation [7].  Empathetic 
behavior is also an indicator of the participant’s emotional 
involvement in the interaction.  The number of empathetic actions 
(e.g. saying “I know it hurts,” acknowledging the patient’s fears 
or touching the patient) that a participant performed was recorded. 

4.2 Participant Background 
Group SP (n=8) - Eight 2nd-year medical students (four male and 
four female) from UF interviewed the real standardized patient 
(Maria).  On average, this group had interviewed sixteen 
standardized patients prior to this study. 

Group VP (n=16) - Nine medical students (four 1st-years, one 
2nd-year, four 3rd-years) and seven physician-assistant students 
(four 1st-years, two 3rd-years, one 4th-year) from MCG interviewed 
the virtual patient, DIANA.  Seven were male, eight were female, 
and one did not specify a gender.  On average, this group had 
interviewed four standardized patients prior to this study. 

4.3 Procedure 
Figure 3 summarizes the study procedure for Groups SP and VP. 

4.3.1 Pre-Experience  
Participants in Group VP and SP arrived at a teaching and testing 
center where students routinely interview standardized patients.  
Each participant signed a consent form and filled out a 
background survey.  Participants were then taken to an exam 
room and told their patient was inside.  They were instructed to 
interview the patient but not to do a physical exam.   

Figure 2 – System overview 



Group SP – Participants wore a tracked hat for head gaze 
logging.  The standardized patient also wore a tracked hat.  The 
head gaze data collected will be analyzed at a later date.   

Group VP – Participants wore a tracked, wireless microphone 
headset and a finger-worn infrared ring for gesture recognition.  
They also trained the system’s speech recognition software to 
create a personalized voice profile. 

4.3.2 Experience 
Group SP – Upon entering the room, participants saw the real 
standardized patient lying on an examination room table.  
Participants were given up to ten minutes to interview the patient.  
After eight minutes, participants were told two minutes remained 
in the interview.  Participants left the room when time was up. 

Group VP – Upon entering the room, participants sat in a chair 
and faced the projection of the virtual exam room.  Figure 4 
shows the virtual scene presented by the system.  The virtual 
instructor, VIC, stood in the background and the virtual patient, 
DIANA, lay on an examination table in the foreground.  VIC 
began the experience with a tutorial explaining how to interact 
with the system.  VIC then told the participant to begin the 
interview and left the room so that the participant and DIANA 
could have privacy.  VIC returned and alerted the participant 
when two minutes remained.  After ten minutes, VIC ended the 
session and asked the participant for her differential diagnosis.  
VIC thanked the participant and asked her to leave the room. 

4.3.3 Post-Experience 
Group SP – Participants assessed the standardized patient by 
filling out the MaSP survey (Section 4.1.1).  The standardized 

patient also graded the participant on the critical information 
checklist for the acute abdominal pain scenario (Section 4.1.2).   

Group VP – Participants assessed the virtual patient by also 
filling out the MaSP survey.  This group was then debriefed to 
obtain qualitative feedback about the experience.  As the virtual 
patient system tracked the information it revealed in the interview, 
it automatically logged this data to grade participant performance. 

Experts – Medical experts from both institutions independently 
watched video recordings of the real and virtual interactions. They 
assessed Group SP and VP on the critical information metric. 

5 RESULTS  AND ANALYSIS 
This section reports similarities and differences between the 
virtual and real interpersonal scenarios in five areas: participant 
performance, participant behavior, scenario authenticity, patient 
expressiveness, and educational goals.  MSP and MVP are means 
for the standardized and virtual patient, respectively.   
   A two-tailed Student’s T-Test is used to test for significant 
differences (α < 0.05).  Equivalence tests were also performed but 
did not yield any significance due to the small sample size.  Note 
that items where differences were not found are not guarantees of 
equivalence.  Instead, the term similarity in this article denotes 
the inability to show differences between the VP and SP 
conditions; additional studies (VP n = 66, SP n = 33) have been 
conducted to allow for stronger equivalence comparisons.  These 
results are currently being analyzed. 

5.1 Participant Performance 
Participant performance was measured in terms of the twelve 
critical items a student must elicit from the patient to reach a 
diagnosis (see Section 4.1.2).  Mean values presented here 
represent the fraction of participants that elicited the critical item. 

Overall performance was not different between the two groups, 
and both groups tended to elicit the same information from the 
patient.  From a task performance standpoint, participants had 
similar interactions with both the virtual and real patient. 

Table 1 - Expert assessment of performance on 12 critical items  
the student must elicit from the patient.  Overall performance and 

two sample items (in quotes) are shown.  Students asked the  
same questions and performed similarly in both interactions. 

Critical Information MSP MVP α 
“The pain is sharp and stabbing” 1.0 ± 0 0.8 ± 0.35 0.12
“I am sexually active” 0.54 ± 0.5 0.45 ± 0.52 0.72
Final Score out of 12 6.3 ± 1.7 5.5 ± 2.1 0.37
Passed (≥ 7 items elicited) 0.5 ± 0.54 0.36 ± 0.5 0.58

Figure 4 – VIC (left) and DIANA (right) in the virtual exam room 

Figure 3 – Study procedure for groups SP and VP 
 



5.1.1 Similarities 
Participants tended to ask the VP and SP the same questions.  
Experts graded Group VP and SP on the critical information 
metric.  The expert assessment shows that both groups asked all 
critical items a similar number of times (see Table 1).  No 
difference was found for both easily discussed information (“The 
pain is sharp and stabbing”) and more sensitive information (“I 
am sexually active”).  Final scores and the number of students 
who received a passing grade (≥ 7 items elicited) were also 
similar between the two groups. 

The VP and SP also graded the participants on the critical 
information metric.  Except for three items (discussed in the next 
section), the grades again show both groups asked the same 
questions and performed equally well on the task of getting the 
key facts of the patient’s illness.  The medical expert reviewers 
agreed that at a high level, the interactions and task performance 
of Group VP and Group SP were similar. 

5.1.2 Differences 
A comparison of grades given by the SP and VP show 
differences on some critical items.  Significant differences were 
found on three of the twelve critical items: the 
location/progression of the pain (MSP = 0.25 ± 0.46, MVP = 1 ± 0, 
α = 1E-6), the fact that the patient is nauseated (MSP = 0.88 ± 
0.35, MVP = 0.25 ± 0.44, α = 0.0023) and the fact that the patient 
is sexually active (MSP = 0.88 ± 0.35, MVP = 0.44 ± 0.51, α = 
0.042).  These are discussed in more detail in Section 5.4. 

5.1.3 Analysis 
Participants had the same conversation with both the virtual 
and standardized patient.  The similarities in the information 
elicited show that both groups asked about the same questions and 
heard the same responses from the patient.  This result suggests 
that a virtual character can sufficiently perform the role of a 
real person in a constrained, information exchange scenario.   

Furthermore, task performance was similar in both 
interactions.  Both groups received similar grades and a similar 
percentage of participants received a passing grade on the 
experience.  This supports the external validation of the virtual 
scenario as having a strong correlation to its real world 
counterpart.  It also shows participants put the same effort into 
achieving the goals of a virtual interpersonal interaction as they 
would in a real one. 

While the real and virtual patients graded scenarios similarly to 
each other, there is an inconsistency with the grades given by the 
experts on three critical items.  Performance was likely different 
for these three items.  However, the remaining nine items were 
elicited a similar number of times, and participants received a 
similar percentage of passing grades in both scenarios.  Task 
performance was similar between the two groups no matter which 
set of graders were used for comparisons. 

5.2 Behavioral Measures 
Similar conversational behaviors were seen in both groups.  
However, there were subtle differences in the participants’ rapport 
with the patient and the flow of the conversation.   

5.2.1 Similarities 
Both groups expressed empathy to the patient.  The number of 
times Group SP and VP expressed empathy to the patient was 
similar (MSP = 2.2 ± 1.4, MVP = 1.3 ± 1.1, α = 0.44).  Medical 
practitioners use empathy to build rapport with patients.  Empathy 
helps strengthen the patient-doctor bond and can encourage the 
patient to open up and tell the doctor more about her situation.  
Empathetic behavior includes saying “I know it hurts,” 
acknowledging the patient’s fears, and touching the patient.  

5.2.2 Differences 
Although the number of empathetic responses was similar 
between groups, Group VP’s empathy appeared less genuine.  
Group SP typically spoke naturally and used a soft tone of voice 
when expressing empathy.  Some participants touched the SP’s 
leg or the exam bed and held it there for a moment.  Although 
Group VP was also empathetic to their patient, their empathetic 
responses tended to be more rehearsed.  Also, the physical wall 
between the virtual and real exam room made it impossible for 
participants to touch the virtual patient. 

Group VP’s interactions were less natural than Group SP’s.  
Group VP asked questions in a direct, rapid-fire fashion.  One 
student noted: “I was forced to use choppy sentences and direct 
questions.”  Many appeared to robotically go through a mental 
checklist of questions.  Sometimes they paused for a while to 
think of the next question to ask.  One student remarked on the 
patient’s behavior during pauses: “When we pause for 3 seconds 
the patient sometimes will volunteer information, but with the 
system, when you’re quiet, she’s quiet.” 

Context-dependent questions were used initially but were 
abandoned because the system did not respond properly.  For 
example, if the VP said “I ate a sandwich,” then a typical follow 
up question in Group SP would be “What time?”  Group VP 
quickly learned that the system did not remember context from 
question to question.  Instead, they asked “What time did you eat 
the sandwich?”   

Group SP used more confirmatory phrases than Group VP.  
Confirmatory phrases regulate the flow of the conversation.  They 
can be as short as one word acknowledgements (“Yeah”, “uh-
huh,” “ok,” etc.) or complete repetitions of what was said.  For 
instance, the SP might say, “My stomach hurts a lot.”  The 
participant’s response would be “OK. Your stomach hurts. Can 
you show me where the pain is?”  Confirmatory phrases were 
used throughout the SP interview to confirm what the SP said and 
signal the start of another question.  A very significant difference 
between the groups was found on the number of confirmatory 
phrases used (MSP = 20 ± 4.7, MVP = 3.5 ± 4.1, α = 6E-5).   

5.2.3 Analysis 
Group VP adapted their conversational style to the limitations 
of the virtual patient.  They asked questions in a more 
constrained manner and appeared to be less engaged.  They did 
not ask context-dependent questions nor did they use confirmatory 
phrases to control the flow of the conversation.  In a real 
interview, a patient would be bothered and confused by this style 
of conversation.  They might even complain about it.  Participants 
considered this style acceptable for the virtual patient interview 
because they knew the patient would not be bothered by it.   

Participants tried to use empathy to build rapport with the 
virtual patient.  Building rapport is important because it 
encourages patients to share information.  By expressing empathy, 
participants were working towards their task of eliciting critical 
information from the patient and reaching a diagnosis.  Also, the 
use of empathy is a sign that participants tried to engage the 
patient emotionally.  This is encouraging, considering the virtual 
patient is not a real person.     

Group VP did not express empathy as sincerely as Group 
SP.  In debriefings, one participant from Group VP said:  “I’m 
(normally) really engaging with my patients.  Even though it was 
very real, it was very cold and artificial.  I couldn’t get very 
involved.”  The comment hints at the poor expressiveness of the 
virtual character, discussed in detail in Section 5.4.  It is possible 
that by improving the expressiveness of the virtual patient, 
participants will be more likely to express sincere empathy. 



5.3 Interaction Authenticity 
This section examines student impressions of patient authenticity.  
Means are on a Likert scale from 1-5.  While differences were 
found in direct (big-picture) measures of authenticity, no 
differences were found on indirect (subcomponent) measures.  
Analysis shows a battery of indirect measures will yield a clearer 
picture of authenticity than direct measures.   

5.3.1  Similarities 
The virtual and real scenarios were equivalent on indirect 
(subcomponent) measures of authenticity.  Participant 
responses were similar when asked to rate whether the patient 
simulates physical complaints unrealistically, whether the patient 
answers questions in a natural manner, and whether the patient 
appears to withhold information unnecessarily (see Table 2).   

5.3.2 Differences 
Differences were found on direct (big-picture) measures of 
authenticity. Participant responses show differences in whether 
the patient appears authentic (MSP = 5 ± 0.0, MVP = 3.8 ± 0.58, α 
= 9E-6), whether the encounter is similar to other standardized 
patient encounters they’ve experienced and whether the patient 
might be a real patient.  One difference was found on an indirect 
measure of authenticity: whether the patient’s appearance fits the 
role (MSP = 5 ± 0.0, MVP =4.3 ± 0.47, α = 4E-4). 

5.3.3 Analysis 
Indirect measures are better than direct measures at assessing 
the authenticity of a virtual interpersonal scenario.  The 
inconsistencies on authenticity show that Group VP and SP 
applied different standards to big-picture questions, such as 
overall realism.  Upon examining debriefing comments, it became 
clear Group VP evaluated the ‘humanness’ of the virtual patient, 
whereas Group SP judged the accuracy of the standardized patient 
to a real patient.  This result is similar to Usoh et al’s conclusion 
that people apply different standards when assessing real and 
virtual environments on presence questionnaires [23].  The 
indirect measures focused attention on individual aspects of the 
interaction.  This allowed participants to specifically assess 
components, as opposed to deriving their own interpretations of 
overloaded terms such as “realism” and “natural”. 

Furthermore, indirect measures make explicit what features 
of the system need to be improved.  For example, the significant 
difference in “whether DIANA’s appearance fits the role” makes 
it clear that DIANA’s appearance needs to be improved.  Direct 
measures of authenticity should never be used.  A battery of 
indirect measures will yield a clearer picture of virtual patient 
authenticity. 

5.4 Virtual Character Expressiveness 
The virtual patient was not nearly as expressive as the 
standardized patient.  This affected the flow of the conversation 
and the amount of information the student was able to elicit from 
the patient (see Section 5.1). 

5.4.1  Similarities 
Participants felt the virtual and standardized patients used 
equally appropriate eye contact.  The virtual patient was 
programmed to look at the participant.  This gaze behavior, life-
size imagery, and rendering the exam room from the participant’s 
perspective contributed to the sense that the virtual patient used 
appropriate eye contact (see Table 3).  One Group VP participant 
said: “I felt that it was neat that they were life-size, you know, and 
that the patient is looking at you and talking to you.” 

5.4.2 Differences 
The standardized patient expressed herself very differently 
from the virtual patient.  Feedback showed the SP 
communicated how she felt better than the VP and appeared to be 
a better listener. 

Behavioral analyses of the standardized and virtual patient 
highlight these differences.  The standardized patient said very 
little during the interview because she was in too much pain to 
speak.  Her voice was low in tone and volume and was somewhat 
raspy.  She almost always had a look of extreme pain on her face.  
The SP’s expressions varied to indicate how painful it was to 
move.  Head-nodding, eye contact, and timely responses 
contributed to the sense that the SP was listening. 

The virtual patient was much less expressive.  Her voice had 
a regular volume and tone.  The expression on her face did not 
convey enough pain.  She occasionally shifted her body or moved 
her hands, but her facial expressions did not change accordingly.  
Besides looking at the participant during the interview, the virtual 
patient used no other explicit behaviors to indicate listening.  
Occasional, slight delays in speech recognition produced delays in 
the VP’s responses.  This was often interpreted as the VP was not 
as engaged in the conversation. 

Previous results did not indicate the virtual patient’s lack of 
vocal expressiveness was a major deficiency of the system [13], 
and no significant difference was found between synthesized 
speech and more realistic recorded speech [8].  Therefore, no 
effort was put into improving DIANA’s voice.  However, this 
comparison was between different speech modes of the virtual 
system.  When compared against a standardized patient, the lack 
of professional voice quality impacted results.  This study shows 
that the expressiveness of the patient’s voice must be improved. 

Differences in expressiveness were also pronounced because 
the animation tools used made it difficult to create a sophisticated 
set of expressive behaviors within a reasonable amount of time.  
However, the large difference in expressiveness suggests that 
effort must be invested before future studies are conducted. 

Table 2 – Direct (big picture)* and indirect (subcomponent) 
measures of patient authenticity. 

Question MSP MVP α 
The SP simulates physical 
complaints unrealistically. 1.8 ± 1.4 2.6 ± 1.0 0.096

The SP answers questions in a 
natural manner. 2 ± 1.4 2.9 ± 1.2 0.13

The SP appears to withhold 
information unnecessarily. 4.1 ± 1.2 3.4 ± 1.2 0.23

This encounter is similar to other 
SP encounters that I’ve 
experienced.* 

4.5 ± 1.1 2.5 ± 0.94 2E-4

The SP might be a real patient.* 4.8 ± 0.46 3.8 ± 1.1 0.008

Table 3 – The virtual patient was not nearly as expressive as the 
standardized patient. 

Question MSP MVP α 
The SP maintained appropriate 
eye contact for this scenario. 4 ± 1.6 3.7 ± 0.99 0.61

The SP communicates how she/he 
felt during the session. 4.8 ± 0.46 3.6 ± 1.2 0.005

I can judge from the reactions of 
the SP whether he/she listens to 
the student. 

4.5 ± 0.53 3.5 ± 1.2 0.012



5.4.3 Analysis 
The expressiveness of real people sets the bar very high for 
virtual characters.  Clearly, the system failed to meet the 
standard of expressiveness set by the standardized patient.  This 
affected more than just measures of expressiveness.  Direct 
measures of authenticity and impressions of the interaction overall 
(MSP = 9.5 ± 0.53, MVP = 6.6 ± 2.0 on a scale of 1 to 10, α = 1E-4) 
were significantly lower.  Furthermore, although participants 
generally asked the VP and SP the same questions (Section 5.1), 
the way participants talked to the VP was affected by 
expressiveness.  Participants asked questions in a more direct, 
rapid-fire fashion, and changes to conversational flow were 
observed.  Empathy was expressed, but the empathy was not as 
sincere as that seen in the real scenario (see section 5.2).  These 
behaviors are not appropriate for real interpersonal scenarios.  
Participants specifically suggested that the VP be more 
expressive: “I would suggest to have more emotions into them.  
Maybe if there was more feelings, more emotional expression.” 

Differences in performance may also be a result of the virtual 
patient’s poor expressive behavior.  Some data suggests Group SP 
tended to ask certain questions more than Group VP (see Section 
5.1).  It is possible the virtual patient’s expressive behavior did 
not trigger the same questions from participants that the 
standardized patient did.  For example, the VP did not look overly 
pale nor did she look like she wanted to vomit. As a result, 
participants may not have thought to ask if the VP was nauseated. 

Clearly, virtual characters in interpersonal scenarios cannot be 
truly effective without being expressive.  More research and effort 
is required to make virtual characters expressive. 

5.5 Educational Goals 
Not only was task performance similar between both scenarios 
(see Section 5.1), but participants felt the real and virtual scenario 
had similar educational value. 

5.5.1  Similarities 
The virtual and real scenarios were similar in student 
impressions of the educational value of the experience (see 
Table 4).  Both groups rated the experiences similarly on whether 
the patient is challenging/testing the student, whether the 
interaction is a worthwhile educational learning experience and 
whether the patient stimulates the student to ask questions. 

5.5.2 Differences 
A difference was found in whether students would use the 
virtual patient as a practice tool.  However, the means on this 
measure indicate participants would use both the real and virtual 
scenarios as a practice tool.   

5.5.3  Analysis 
The goals of a virtual interpersonal scenario can be met even 
if the virtual character is viewed as deficient on other 

measures.  Results show that there are deficiencies in the virtual 
patient’s authenticity, expressiveness and conversational behavior.  
Also, overall impressions of the virtual interaction were 
significantly lower than the real one.  Yet the virtual interaction 
was viewed as equally educational, and students performed 
equally well on eliciting critical information from the patient.   

Comments that summarized participant impressions include: “I 
thought it was really interesting, it was challenging and it was 
good to refresh my memory on a lot of communication and 
interviewing skills.”  Another noted that the system allows one to 
practice the process of interviewing a patient without feeling 
nervous: “It was a lot less pressure than a real person, even a 
standardized patient.  In there with the virtual patient, I wasn’t 
worried about looking natural and confident … looking natural to 
the real patient.  I was out there taking time trying to figure out 
what’s wrong with the patient.”  Educational goals were clearly 
met by the virtual interaction despite the system’s deficiencies.  

However, our goal is to eventually impact communication 
skills.  The transition from a diagnosis training system to a 
communications skills training system will require substantial 
investment in improving conversation flow and expressiveness. 

5.6 Post-Study Reflections 
These results should be considered preliminary because of study 
attributes and several key differences between the groups.   

Sample Size: The population size, particularly in the case of 
the SP experience (n=8), is too limited.  A larger study was 
recently conducted, and results are currently being analyzed. 

Participant Experience: For scheduling reasons, it was 
difficult to recruit medical students of equal experience levels.  
This difference likely affected study results.  One effect could be 
that students with less experience do not yet know what a good or 
bad interview with an SP is.  They may apply a different grading 
standard than the more experienced students.  Another concern is 
that more experienced students likely conduct better interviews.   

Different Institutions: Logistical issues made it difficult to run 
Group VP and SP at the same institution.  It is possible students at 
each institution have a tendency (and/or training) to ask different 
questions.  It is also possible that students at different institutions 
might rate standardized patients differently.   

VP Voice Fidelity: As part of a separate study, some Group VP 
participants spoke to a patient with a computer-generated voice, 
and others spoke to a patient with pre-recorded responses from a 
real person.  No significant difference was found between the 
text-to-speech and real-speech conditions on all measures [8].  
Therefore, the two groups are combined together in our analysis.  
However, as VP expressiveness has been identified as affecting 
results, recorded professional talent might be necessary.   

6 CONCLUSIONS AND FUTURE WORK 
Using the interaction between a medical student and a 
standardized patient, a study was conducted that compares the 
interaction between a virtual and real interpersonal scenario.  
Results show the virtual patient was not nearly as expressive as 
the standardized patient.  This contributed to differences in the 
conversational flow and less rapport with the virtual patient.  
However, the virtual interaction was found to be similar to the real 
interaction on many important education measures.  Participants 
elicited the same information from both virtual and standardized 
patients, and performed equally well overall.  Furthermore, 
participants rated both interactions as equally valuable educational 
experiences.  Finally, direct (big-picture) and indirect 
(subcomponent) measures of patient authenticity yielded 
conflicting results.  Direct measures showed the real scenario was 

Table 4 – The educational value of both interactions were similar.

Question MSP MVP α 
The SP is challenging / testing the 
student. 3.9 ± 0.99 3.6 ± 0.94 0.48

I found this a worthwhile 
educational learning experience. 4.1 ± 0.64 4.1 ± 0.95 0.96

The SP stimulates the student to 
ask questions. 3.1 ± 1.6 3.1 ± 1.5 0.98

I would use this as a practice tool. 4.9 ± 0.35 4 ± 1.2 0.019



more authentic, but indirect measures suggest – on a component 
level – the virtual scenario was similar to the real scenario. 

These similarities and differences provide strong evidence that:  
• The authenticity of virtual interpersonal scenarios 

should be assessed with a battery of indirect measures.     
• The goals of a virtual interpersonal scenario can be met 

even if the interaction is not equivalent to the real one 
on other measures. 

• Virtual characters in interpersonal scenarios must be 
expressive and significant effort should be put towards 
achieving this goal. 

A larger study is planned to explore these issues more closely.  
New indirect measures of authenticity will be developed and 
tested for validity.  The primary focus will be on making the 
virtual character more expressive.  Although the high-level goals 
of the scenario were met, participants did not develop rapport with 
the patient, an important skill for a medical professional.  A more 
expressive virtual character would improve the flow of 
conversation, elicit more natural behavior from the student, and 
improve rapport between the virtual patient and student.     
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Figure 1 – A real interpersonal interaction (right) and an equivalent virtual interpersonal interaction (left).  In the 
real interaction, a medical student interviews a real standardized patient.  In the virtual interaction, the medical 

student interviews a virtual patient.  How is experiencing an interpersonal scenario with a virtual character similar 
to – and different from – experiencing one with a real person? 

Figure 2 – Virtual Patient System Overview Figure 4 – VIC, the virtual instructor (left), and DIANA,    
the virtual patient (right), in the virtual exam room 


