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Abstract

1

Introduction

Over the last 15 years, a virtual revolution has taken
place in the use of simulation technology for clinical
purposes. Technical advances in the areas of computation speed and power, graphics and image rendering, display systems, tracking, interface technology,
haptic devices, authoring software and artificial intelligence have supported the creation of low-cost and
usable PC-based Virtual Reality (VR) systems. At
the same time, a determined and expanding cadre of
researchers and clinicians, have not only recognized
the potential impact of VR technology, but have now
generated a significant research literature that documents the many clinical targets where VR can add
value over traditional assessment and intervention approaches [Hol05, PR08, PE08, RBR05, Riv05]. This
convergence of the exponential advances in underlying
VR enabling technologies with a growing body of clinical research and experience has fueled the evolution
Keywords: Simulation, Virtual Humans, Virtual of the discipline of Clinical Virtual Reality. And this
Training, Virtual Patients, Behaviour Generation, state of affairs now stands to transform the vision of fuSpeech Synthesis, Dialogue Generation, speech recog- ture clinical practice and research in the disciplines of
psychology, medicine, neuroscience, physical and ocnition
cupational therapy, and in the many allied health fields
that address the rehabilitative needs of those with clinical disorders.
Digital Peer Publishing Licence
Any party may pass on this Work by electronic
A short list of areas where Clinical VR has been
means and make it available for download under
usefully applied includes fear reduction with phothe terms and conditions of the current version
bic clients [PR08, PE08], treatment for Post Trauof the Digital Peer Publishing Licence (DPPL).
matic Stress Disorder [RRG+ 09], stress management
The text of the licence may be accessed and
in cancer patients [SPPA+ 04], acute pain reduction
during wound care and physical therapy with burn
retrieved via Internet at
patients [HPM+ 04], body image disturbances in pahttp://www.dipp.nrw.de/.
tients with eating disorders [Riv05], navigation and
First presented at the Virtual Reality International
Conference VRIC 2009, extended and revised
spatial training in children and adults with motor imfor JVRB
pairments [SFW98, RSKM04], functional skill trainThe article presents the design process of intelligent
virtual human patients that are used for the enhancement of clinical skills. The description covers the development from conceptualization and character creation to technical components and the application in
clinical research and training. The aim is to create believable social interactions with virtual agents that help
the clinician to develop skills in symptom and ability
assessment, diagnosis, interview techniques and interpersonal communication. The virtual patient fulfills
the requirements of a standardized patient producing
consistent, reliable and valid interactions in portraying
symptoms and behaviour related to a specific clinical
condition.
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ing and motor rehabilitation with patients having central nervous system dysfunction (e.g., stroke, TBI,
SCI cerebral palsy, multiple sclerosis, etc.) [Hol05,
WKFK06] and in the assessment (and in some cases,
rehabilitation) of attention, memory, spatial skills and
executive cognitive functions in both clinical and
unimpaired populations [RBR05, RK05, RSKM04].
To do this, VR scientists have constructed virtual
airplanes, skyscrapers, spiders, battlefields, social
settings, beaches, fantasy worlds and the mundane
(but highly relevant) functional environments of the
schoolroom, office, home, street and supermarket.
These efforts are no small feat in light of the technological challenges, scientific climate shifts and funding hurdles that many researchers have faced during
the early development of this emerging technology.
Concurrent with the emerging acknowledgement of
the unique value of Clinical VR by scientists and clinicians, has come a growing awareness of its potential
relevance and impact by the general public. While
much of this recognition may be due to the high visibility of digital 3D games, the Nintendo Wii, and
massive shared internet-based virtual worlds (World
of Warcraft, Halo and 2nd Life), the public consciousness is also routinely exposed to popular media reports
on clinical and research VR applications. Whether
this should be viewed as “hype” or “help” to a field
that has had a storied history of alternating periods of
public enchantment and disregard, still remains to be
seen. Regardless, growing public awareness coupled
with the solid scientific results have brought the field
of Clinical VR past the point where skeptics can be
taken seriously when they characterize VR as a “fad
technology”.
These shifts in the social and scientific landscape
have now set the stage for the next major movement in
Clinical VR. With advances in the enabling technologies allowing for the design of ever more believable
context-relevant “structural” VR environments (e.g.
homes, classrooms, offices, markets, etc.), the next
important challenge will involve populating these environments with virtual human (VH) representations
that are capable of fostering believable interaction with
real VR users. This is not to say that representations
of human forms have not usefully appeared in Clinical VR scenarios. In fact, since the mid-1990’s, VR
applications have routinely employed VHs to serve as
stimulus elements to enhance the realism of a virtual
world simply by their static presence.
For example, VR exposure therapy applications
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have targeted simple phobias such as fear of public
speaking and social phobia using virtual social settings
inhabited by “still-life” graphics-based characters or
2D photographic sprites [AZHR05, PSB02, Kli05].
By simply adjusting the number and location of these
VH representations, the intensity of these anxietyprovoking VR contexts could be systematically manipulated with the aim to gradually habituate phobic patients and improve their functioning in the real
world. Other clinical applications have also used animated graphic VHs as stimulus entities to support and
train social and safety skills in persons with high functioning autism [RCN+ 03, PSC06] and as distracter
stimuli for attention assessments conducted in a virtual classroom [PBBR07, RKM+ 06].
In an effort to further increase the pictoral realism
of such VHs, Virtually Better Inc., began incorporating whole video clips of crowds into graphic VR fear
of public speaking scenarios [Vir10]. They later advanced the technique by using blue screen captured
video sprites of humans inserted into graphics-based
VR social settings for social phobia and cue exposure
substance abuse treatment applications. The sprites
were drawn from a large library of blue-screen captured videos of actors behaving or speaking with varying degrees of provocation. These video sprites could
then be strategically inserted into the scenario with the
aim to modulate the emotional state of the patient by
fostering encounters with these 2D video VH representations.
The continued quest for even more realistic simulated human interaction contexts led other researchers
to the use of panoramic video [MPWR07, RGG03]
capture of a real world office space inhabited by hostile co-workers and supervisors to produce VR scenarios for anger management research. With this approach, the VR scenarios were created using a 360degree panoramic camera that was placed in the position of a worker at a desk and then actors walked
into the workspace, addressed the camera (as if it was
the targeted user at work) and proceeded to verbally
threaten and abuse the camera, vis-à-vis, the worker.
Within such photorealistic scenarios, VH video stimuli
could deliver intense emotional expressions and challenges with the aim of the research being to determine
if this method could engage anger management patients to role-play a more appropriate set of coping responses.
However, working with such fixed video content to
foster this form of faux interaction or exposure has sig-
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nificant limitations. For example, it requires the capture of a large catalog of possible verbal and behavioral clips that can be tactically presented to the user
to meet the requirements of a given therapeutic approach. As well, this fixed content cannot be readily
updated in a dynamic fashion to meet the challenge of
creating a real time interaction with a patient with the
exception of only very constrained social interactions.
Essentially, this process can only work for clinical applications where the only requirement is for the VH
character to deliver an open-ended statement or question that the user can react to, but is lacking in any truly
fluid and believable interchange following a response
by the user. This has led some researchers to consider
the use of artificially intelligent VH agents as entities
for simulating human-to-human interaction in virtual
worlds.
Clinical interest in artificially intelligent agents designed for interaction with humans can trace its roots
to the work of MIT AI researcher, Joe Weizenbaum. In 1966, he wrote a language analysis program called ELIZA that was designed to imitate a
Rogerian therapist. The system allowed a computer
user to interact with a virtual therapist by typing
simple sentence responses to the computerized therapist’s questions. Weizenbaum reasoned that simulating a non-directional psychotherapist was one of
the easiest ways of simulating human verbal interactions and it was a compelling simulation that worked
well on teletype computers (and is even instantiated
on the internet today; http://www-ai.ijs.si/eliza-cgibin/eliza script. In spite of the fact that the illusion of
Eliza’s intelligence soon disappears due to its inability
to handle complexity or nuance, Weizenbaum was reportedly shocked upon learning how seriously people
took the ELIZA program [HM00]. And this led him
to conclude that it would be immoral to substitute a
computer for human functions that “...involves interpersonal respect, understanding, and love.” [Wei76].
More recently, seminal research and development
has appeared in the creation of highly interactive, artificially intelligent (AI) and natural language capable
virtual human agents. No longer at the level of a prop
to add context or minimal faux interaction in a virtual world, these VH agents are designed to perceive
and act in a 3D virtual world, engage in face-to-face
spoken dialogues with real users (and other VHs) and
in some cases, they are capable of exhibiting humanlike emotional reactions. Previous classic work on
virtual humans in the computer graphics community
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focused on perception and action in 3D worlds, but
largely ignored dialogue and emotions. This has now
changed. Both in appearance and behavior, VHs have
now “grown up” and are ready for service in a variety
of clinical and research applications.
Artificially intelligent VH agents can now be created that control computer generated bodies and can
interact with users through speech and gesture in virtual environments [GJA+ 02]. Advanced virtual humans can engage in rich conversations [TMG+ 08],
recognize nonverbal cues [MdKG08], reason about
social and emotional factors [GM04] and synthesize human communication and nonverbal expressions [TMMK08]. Such fully embodied conversational characters have been around since the early
90’s [BC05] and there has been much work on full systems to be used for training [Eva89, KHG+ 07, PI04,
RGH+ 01], intelligent kiosks [MD06], and virtual receptionists [BSBH06].
The focus of this paper will be on our work developing and evaluating the use of AI VHs for use as virtual
patients for training clinical skills in novice clinicians.
While we believe that the use of VHs to serve the role
of virtual therapists is still fraught with both technical
and ethical concerns [RSR02], we have had success in
the initial creation of VHs that can mimic the content
and interaction of a patient with a clinical disorder for
training purposes and we will describe our technical
approach and clinical application research.

2

Intelligent Virtual Human Patients

An integral part of medical and psychological clinical education involves training in symptom or ability
assessment, diagnosis, interviewing skills and interpersonal communication. Traditionally, medical students and other healthcare practitioners initially learn
these skills through a mixture of classroom lectures,
observation and role-playing practice with standardized patients–persons recruited and trained to take on
the characteristics of a real patient, thereby affording
students a realistic opportunity to practice and be evaluated in a simulated clinical environment. Although
a valuable tool, there are limitations with the use of
standardized patients that can be mitigated through VR
simulation technology. First, standardized patients are
expensive. For example, although there are 130 medical schools in the U.S., only five sites provide standardized patient assessments as part of the U.S. Medical Licensing Examination at a cost of several thou-
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sand dollars per student [Edu10]. Second is the issue
of standardization. Despite the expense of standardized patient programs, the standardized patients themselves are typically low skilled actors making about
$10/hr and administrators face constant turnover resulting in considerable challenges to the consistency
of patient portrayals. This limits the value of this approach for producing reliable and valid interactions
needed for the psychometric evaluation of clinicians
in training. Finally, the diversity of the conditions
that standardized patients can characterize is limited
by availability of human actors and their skills. This
is even a greater problem when the actor needs to be
a child, adolescent, elder, or in the mimicking of nuanced or complex symptom presentations.
In this regard, Virtual Patients (VPs) can fulfill the
role of standardized patients by simulating a particular clinical presentation with a high degree of consistency and realism [SHJ+ 06], as well as being always
available for anytime-anywhere training. There is a
growing field of researchers applying VP’s to training
and assessment of bioethics, basic patient communication, interactive conversations, history taking, clinical assessments, and clinical decision making [BG06,
BPPO07, LFR+ 06, KRP+ 07, PKN+ 08]. Initial results
suggest that VPs can provide valid and reliable representations of live patients [TFK+ 06, RJD+ 07]. Similar to the compelling case made over the years for
Clinical VR generally [RK05], VP applications can
likewise enable the precise stimulus presentation and
control (dynamic behavior, conversational dialog and
interaction) needed for rigorous laboratory research,
yet embedded within the context of ecologically relevant environments [KRP+ 07, PKN+ 08, RJD+ 07].
The virtual patients described in this paper focus
on characters primarily with psychological disorders.
There has already been a significant amount of work
creating virtual patients and virtual dummies that represent physical problems [KLD+ 08], such as how to
attend to a wound, or interviewing a patient with a
stomach problem to assess the condition [LFR+ 06].
However, research into the use of VPs in psychology
and related psychosocial clinical training has been limited [BG06, KRP+ 07, BSW+ 06, CBB+ 98, DJR+ 05,
JDR+ 06]. Beutler and Harwood [BH04] describe
the development of a VR system for training in psychotherapy and summarize training-relevant research
findings. We could not find reference to any other use
of VPs in a psychotherapy course to date, despite online searches through MEDLINE, Ovid, and the psyurn:nbn:de:0009-6-29025, ISSN 1860-2037

chotherapy literature. From this, it is our view that the
design of intelligent VPs that have realistic and consistent human-to-human interaction and communication skills would open up possibilities for clinical psychosocial applications that address interviewing skills,
diagnostic assessment and therapy training.

3

Designing a Virtual Patient Domain

The VP domains for the clinical applications of interest for our research derives from a cognitive behavioral
framework that focuses on a dual assessment of the
patient’s description of objective behaviors/symptoms
and the VPs cognitive interpretations that co-exist in
the appraisal of such behaviors/symptoms. This mental health domain offers some interesting opportunities
and challenges for both the design of the characters as
well as in the design of a training system that aims to
enhance interviewing, differential diagnosis, and therapeutic communication skills. The domain also offers a framework for a wide variety of modeling issues including: verbal and non-verbal behavior for the
characters, cognition, affect, rational and irrational behavior, personality, and for symptoms seen with psychopathology. Designing virtual patients that act as
humans is a process that requires a thorough understanding of the domain, the technology and how to
apply the technology to the domain. The process to
create virtual characters is broken down into five steps
as described here and illustrated in Figure 2.

3.1

Conceptualization

The first step is to define the concept and goals of
the project, in this case being the application of virtual human technology for training optimal interaction
with patients exhibiting specific clinical conditions. A
close collaboration with experts in fields related to
the specific clinical domain is required to define the
typical symptoms, goals and interactional features of
the VP. The concept is further refined via role-playing
exercises, clinical manuals, and by soliciting knowledge from subject matter experts on what constitutes
a useful interview with a various patient types. The
methodology used in our approach is an iterative process of data collecting, testing, and subsequent refinement. While the preliminary goal of the project is to
use VPs for individual diagnostic interview training,
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the eventual goal is to also have VPs utilized in classroom and other group settings.

3.2

Design

After the concept has been established, the next step
involves the process of designing the age, gender and
appearance of the VP character, their background and
clinical history, the kinds of actions and dialog they
need to produce, and the artwork for the environment
where the character will reside. The current virtual
environment for our work was modeled after a typical clinician’s office and was designed to represent a
“safe” setting for the conduct of a clinical interview.
The artwork plays a crucial role in defining the characters behavior, attitude and condition. One of our initial projects involved the development of a VP named
“Justine”, who was the victim of a sexual assault (see
Figure 1). However, we wanted to create an adolescent
female, which while relevant for this clinical situation,
was general enough such that the artwork would not
be exclusively tied to any one clinical condition. For
this particular VP we wanted a typical teenager with
a T-shirt and blue jeans. It was a careful process to
design this character, since subtle characteristics such
as a belly shirt or ripped jeans, might provoke questions that would need to be accounted for in the dialog domain. A minimalist approach for initial steps
in this design process was envisioned to support bootstrapping development of later character design as the
system was evolved based on user input.

Figure 1:
(“Justina”)

3.4

Adolescent Female Virtual Patient

Application

Once the VP system is constructed and internally
tested with pilot participants, it is then brought to
the clinical test site, where a larger sample of clinical professionals can be employed for experimental
tests and application development purposes. In current tests of the virtual patient application, various
general technical questions have been addressed relating to the accuracy of the speech recognizer, VP
response relevance and general system performance.
Non-technical evaluation involves evaluation of the
breadth and specificity of assessment questions asked,
investigation of the balance of clinician questions and
statements (e.g. information gathering, interpretations, reflections, etc.), use of follow-up questions to
refine initial diagnostic impressions, and general as3.3 Development
sessment of user ratings and feedback regarding usThe development of a VP domain is an iterative pro- ability and believability of the scenario.
cess that can be constrained by the technology. For
example, in our system there was a specific way to en- 3.5 Evaluation and Training Interview Skills
code the dialog in the system and rules that govern the
behavior of the character. This began with the encod- The art and science of evaluating interviewing skills
ing of a corpus of questions that would likely be asked using VPs is still a young discipline with many
by a clinician and responses that could be given by the challenges. One formative approach is to compare
VP using a language model in the speech recognizer. performances obtained during interviews with both
The current system uses pre-recorded speech for the live standardized patients and with VPs, and then
character and all of the many VP responses require to conduct correlational analyses of metrics of inrecording by a voice actor. Following repeated tests terest. This information can then be evaluated relawith pilot users, the language model is updated with tive to an Objective Structured Clinical Examination
question and answer variations added into the system. (OSCE) [HSDW75, WOR05]. Such tests typically
Again, this is a bootstrapping process that in most take from 20-30 minutes and require a faculty memcases requires many iterative cycles to create a model ber to watch the student perform a clinical interview
of natural and believable therapeutic interaction.
while being videotaped. The evaluation consists of a
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self-assessment rating along with faculty assessment
and a review of the videotape. This practice is common, although is applied variably, based on the actors, available faculty members and space and time
constraints at the training site. A general complication involved in teaching general interviewing skills
is that there are multiple theoretical orientations and
techniques to choose from and the challenge will be to
determine what commonality exists across these methods for the creation of usable and believable VPs that
are adaptable to all clinical orientations. To minimize
this problem in our initial efforts, we are concentrating
on assessing the skills required to diagnose very specific mental disorders (i.e., conduct disorder, PTSD,
depression, etc.). We also use the setting of an initial intake interview to constrain the test setting for acquiring comprehensible data. While the clinician may
have some knowledge of why the patient is there (i.e.,
a referral question), they need to ask the patient strategic questions to obtain a detailed history useful for
specifying a clinical condition in support of coming to
a differential diagnosis and for formulating a treatment
plan. In this manner, the system is designed to allow
novice clinicians the opportunity to practice asking interview questions that eventually lead to the narrowing down of the alternative diagnostic options, leading to the arrival of a working diagnosis based on the
VP meeting the criteria for a specific Diagnostic and
Statistical Manual of Mental Disorders IV-TR (DSM)
diagnosis (or not).

4

Virtual Human Architecture

The VP system is based on our existing virtual human architecture [KHG+ 07, SGJ+ 06]. The general
architecture supports a wide range of virtual humans
from simple question/answering to more complex ones
that contain cognitive and emotional models with goaloriented behavior. The architecture is a modular distributed system with many components that communicate by message passing. Because the architecture is
modular it is easy to add, replace or combine components as needed. For example in the virtual human architecture, the natural language section is divided into
three components: a part to understand the language,
a part to manage the dialog and a part to generate the
output text. This is all combined into one statistical
language component for the current VP system.
Interaction with the system works as follows and
can be seen in Figure 3. A user talks into a microphone
urn:nbn:de:0009-6-29025, ISSN 1860-2037

that records the audio signal that is sent to a speech
recognition engine. The speech engine converts that
into text. The text is then sent to a statistical response
selection module. The module picks an appropriate
verbal response based on the input text question. The
response is then sent to a non-verbal behavior generator that selects animations to play for the text, based
on a set of rules. The output is then sent to a procedural animation system along with a pre-recorded or a
generated voice file. The animation system plays and
synchronizes the gestures, speech and lip-syncing for
the final output to the screen. The user then listens to
the response and asks more questions to the character.

4.1

Human Speech Input

A human user talks to the system using a headmounted close-capture USB microphone. The user’s
speech is converted into text by an automatic speech
recognition system. We use the SONIC speech recognition engine from the University of Colorado, Boulder [Pel01] customized with acoustic and language
models for the domain of interest [SGN05]. In general
a language model is tuned to the domain word lexicon
that helps improve performance; however the speech
recognition system is speaker independent and does
not need to be trained beforehand. User’s voice data
is collected during each testing session, to enable the
collection of words not recognized by the speech recognizer and further enhance the lexicon. The speech
recognition engine processes the audio data and produces a message with the surface text of the user’s utterance that is sent to the question / response selection
module.

4.2

Question / Response Selection

To facilitate rapid development and deployment of virtual human agents, a question/response module was
developed for natural language processing called the
NPCEditor [LPT+ 06], a user friendly software module for editing questions and responses, binding responses to questions and training and running different statistical text classifiers. The question/response
selection module receives a surface text message from
the speech recognition module, analyzes the text, and
selects the most appropriate response. This response
selection process is based on a statistical text classification approach developed by the natural language
group at the USC Institute for Creative Technologies [LM06]. The approach requires a domain de-

Journal of Virtual Reality and Broadcasting, Volume 8(2011), no. 3

Figure 2: Development process for creating a Virtual Patient

signer to provide some sample questions for each response. There is no limit to the number of answers
or questions, but it is advised to have at least four to
ten questions for each answer. When a user question
is sent from the speech recognition module, the system uses the mapping between the answers and sample questions as a “dictionary” to translate the question into a representation of a “perfect” answer. It then
compares that representation to all known text answers
and selects the best match. This approach was developed for the Sgt. Blackwell and Sgt. Star virtual human projects [KHG+ 07] and has been shown to outperform traditional state-of-the-art text classification
techniques. Responses can be divided into several categories based on the type of action desired. To make
the character appear more realistic and interactive it is
advisable to have responses in each of the categories.
The category types are as follows:
• On-topic - These are answers or responses that
are relevant to the domain of the conversation.
These are the answers the system has to produce
when asked a relevant question. Each on-topic
answer should have a few sample questions and
single sample questions can be linked to several
answers. The text classifier generally returns a
ranked list of answers and the system makes the
final selection based on the rank of the answer
and whether the answer has been used recently.
That way if the user repeats his questions, he may
get a different response from the system.
• Off-topic - These are answers for questions that
do not have domain-relevant answers. They can
urn:nbn:de:0009-6-29025, ISSN 1860-2037

be direct, e.g., “I do not know the answer”, or
evasive, e.g., “I will not tell you” or “Better ask
somebody else”. When the system cannot find
a good on-topic answer for a question, it selects
one of the off-topic lines.
• Repeat - If the classifier selects an answer tagged
with this category, the system does not return
that answer but replays the most recent response.
Sample questions may include lines like “What
was that?” or “Can you say that again?” Normally, there is at most one answer of this category
in the domain answer set.
• Alternative - If the classifier selects an answer
tagged with this category, the system attempts to
find an alternative answer to the most recent question. It takes the ranked list of answers for the
last question and selects the next available answer. Sample questions may include lines like
“Do you have anything to add?” Normally, there
is at most one answer tagged with this category
in the answer set.
• Pre-repeat - Sometimes the system has to repeat
an answer. For example, this happens when a user
repeats a question and there is only one good response available. The system returns the same
answer again but indicates that it is repeating itself by playing a pre-repeat-tagged line before the
answer, e.g., “I told you already.” There is no
need to assign sample questions to these answer
lines.
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• Delayed - These are the lines from the system
that prompt the user to ask about a domain related thing, e.g., “Why dont you ask me about”
Such a response is triggered if the user asks too
many off-topic questions. The system would return an off-topic answer followed by a delayedtagged answer. That way the system attempts to
bring the conversation back into the known domain. This category has no sample questions assigned.
Once the output response is selected, it is packaged
up into a Functional Markup Language (FML) message structure. FML allows the addition of elements
such as affect, emphasis, turn management, or coping
strategies. For the VP, the response selection module
does not add any additional information besides the
text.

4.3

5

Behavior Generation

The FML message is sent to the non-verbal behavior
generator (NVBG) [LM06] that applies a set of rules to
select gestures, postures and gazes for the virtual character. Since the VPs in these applications are sitting
down in a clinical office, the animations mainly consist of arm movements, wave offs and head shakes or
nods. The VP character does not do any posture shifts
or go into standing posture, although in the next version more gestures and postures will be added. Once
the NVB selects the appropriate behavior for the input
text, it then packages this up into a Behavioral Markup
Language (BML) [KKM+ 06] structure and sends it
to a procedural animation system for character action
control.

4.4

Unreal Tournament game engine for the graphics output. Smartbody controls the character in the game engine and also specifies which sound to play for the
character speech output. Smartbody is also capable
of controllers that perform specific actions based on
rules, functions or timing information, such as head
nods and gaze following. The controllers are seamlessly blended in with the input animations specified in
the BML. The VP does not make extensive use of controllers, however, future work is to design controllers
for certain behavior patterns such as gaze aversion or
physical tics the character might have. A motex, which
is a looping animation file, can be played for the character to give it a bit of ambient sway or motion, or in
the VP case, finger tapping for more realistic idle behavior.

Character Control and Output

This last part of the process is the execution and display of the characters’ multimodal behavior. This
is accomplished with a procedural animation system
called Smartbody [TMMK08]. Smartbody takes as input the BML message from the NVBG which contains
the set of behaviors that need to be executed for the
head, facial expressions, gaze, body movements, arm
gestures, speech and lip syncing and synchronizes all
of this together. These behaviors need to be in sync
with the output speech to look realistic. Smartbody
is capable of using generated or pre-recorded speech.
Our current VP uses pre-recorded speech. Smartbody
is hooked up to a visualization engine, in this case the
urn:nbn:de:0009-6-29025, ISSN 1860-2037

Summary of Virtual
Patient Projects

In addition to providing a historical context for this
research area, our presentation at VRIC will focus primarily on the results from our initial research with VPs
modeled to emulate conduct disorder and PTSD diagnostic categories, briefly summarized below. We will
also detail some new projects that involve the use of
VPs to train assessment of parenting skills, suicide potential with a depressed patient, racial bias testing and
a virtual elderly person with Alzheimers disease designed for caregiver training.

5.1

Adolescent Male with Conduct Disorder

Our initial project in this area involved the creation of a
virtual patient, named “Justin”. The clinical attributes
of Justin were developed to emulate a conduct disorder profile as found in the DSM IV-TR. Justin portrays
a 16-year old male with a conduct disorder who is being forced to participate in therapy by his family (see
Figure 4). Justin history is significant for a chronic
pattern of antisocial behavior in which the basic rights
of others and age-appropriate societal norms are violated. He has stolen, been truant, broken into someone’s car, been cruel to animals, and initiated physical
fights. The system was designed to allow novice clinicians to practice asking interview questions, to create
a positive therapeutic alliance and gather clinical information from this very challenging VP.
This VP was designed as a first step in our research. At the time, the project was unfunded and thus
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Figure 3: Virtual Patient Data Flow Diagram

psychology graduate students as part of our iterative
design process to evolve this application area. Assessment of the system was completed by 1) experimenter
observation of the participants as they communicated
with the virtual patient; and 2) questionnaires.

Figure 4: Adolescent male Virtual Patient (Justin)

required us to take the economically inspired route
of recycling a character from a military negotiationtraining scenario to play the part of Justin. The research group agreed that this sort of patient was one
that could be convincingly created within the limits
of the technology (and funding) available to us at the
time. For example, such resistant patients typically respond slowly to therapist questions and often use a
limited and highly stereotyped vocabulary. This allowed us to create a believable VP within limited resources for dialog development. As well, novice clinicians have been typically observed to have a difficult
time learning the value of “waiting out” periods of silence and non-participation with these patients.

To adequately evaluate the system, we determined
a number of areas that needed to be addressed by the
questionnaires: 1) The behavior of the virtual patient
should match the behavior one would expect from a
patient in such a condition (e.g. verbalization, gesture,
posture, and appearance); 2) Adequacy of the communicative discourse between the virtual patient and the
participants; 3) Proficiency (e.g. clarity, pace, utility)
of virtual patient discourse with the participant; and 4)
Quality of the speech recognition of utterances spoken.

Although there were a number of positive results,
the overall analysis revealed some shortcomings. First,
positive results from the questionnaires were found to
be related to overall system performance. Further, participants reported that the system 1) simulated the reallife experience (i.e. ranked 5 or 6 out of 7); and 2)
the verbal and non-verbal behavior also ranked high
(i.e. between 5 and 7). However, results also revealed
that some participants found aspects of the experience
“frustrating”. For example, some participants complained that they were receiving anticipated responses
and the system tended to repeat some responses too
frequently. This was due to the speech recognition’s
inability to evaluate certain of the stimulus words. FurWe initially collected user interaction and dialog ther, there were too many “brush off” responses from
data from a small sample of psychiatric residents and the virtual patient when participant questions were
urn:nbn:de:0009-6-29025, ISSN 1860-2037
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outside the virtual patient’s dialog set. There was also
a concern that participants ascribe characteristics to
the virtual patient that in fact are not present. For example, although the virtual patient responded “Yes” to
a question about whether the virtual patient “hurt animals”, in actuality the system did not recognize the
input speech. This may lead to confusion if the virtual patient responds inconsistently. In fact one of the
most substantial lessons learned was the amount of
conversation tracking needed for the topical questions
asked by the participant to allow the virtual patient’s
responses to be consistent throughout the session.
The project produced a successful proof of concept
demonstrator, which then led to the funding that currently supports our research in this area.

5.2

Adolescent Female with PTSD
due Sexual Assault

Our 2nd VP project involved the creation of a female
sexual assault victim, “Justina”. The aim of this work
was two fold: 1. Explore the potential for creating
a system for use as a clinical interview trainer for
promoting sensitive and effective clinical interviewing
skills with a VP that had experienced significant personal trauma; and 2. By manipulating the dialog content in multiple versions of “Justina”, provide a test of
whether novice clinicians would ask the appropriate
questions needed to determine if Justina reports symptoms that meet the criteria for the DSM-4 diagnosis of
PTSD.
For the PTSD content domain, 459 questions were
created that mapped roughly 4 to 1 to a set of 116
responses. The aim was to build an initial language
domain corpus generated from subject matter experts
and then capture novel questions from a pilot group
of users (psychiatry residents) during interviews with
Justina. The novel questions generated could then be
fed into the system in order to iteratively build the language corpus. We also focused on how well subjects
asked questions that covered the six major symptom
clusters that can characterize PTSD following a traumatic event. While this did not give the Justina character a lot of depth, it did provide more breadth, which
for initial testing seemed prudent for generating a wide
variety of questions for the next Justina iteration.
In the initial test, a total of 15 Psychiatry residents
(6 females, 9 males; mean age = 29.80, SD 3.67) participated in the study and were asked to perform a 15minute interaction with the VP to take an initial hisurn:nbn:de:0009-6-29025, ISSN 1860-2037

tory and determine a preliminary diagnosis based on
this brief interaction with the character. The participants were asked to talk normally, as they would to
a standardized patient, but were informed that the system was a research prototype that uses an experimental
speech recognition system that would sometimes not
understand them. They were free to ask any kind of
question and the system would try to respond appropriately.
From post questionnaire ratings on a 7-point likert scale, the average subject rating for believability
of the system was 4.5. Subjects reported their ability to understand the patient at an average of 5.1,
but rated the system at 5.3 as frustrating to talk to,
due to speech recognition problems, out of domain
questions or inappropriate responses. However most
of the participants left favorable comments that they
thought this technology will be useful, they enjoyed
the experience of trying different ways to talk to
the character and attempting to get an emotional response for a difficult question. When the patient responded back appropriately to a question they found
that very satisfying. Analysis of concordance between
user questions and VP response pairs indicated moderate effects sizes for Trauma inquiries (r = 0.45), Reexperiencing symptoms (r = 0.55), Avoidance (r =
0.35), and in the non-PTSD general communication
category (r = 0.56), but only small effects were found
for Arousal/Hypervigilance (r = 0.13) and Life impact (r = 0.13). These relationships between questions
asked by a novice clinician and concordant replies
from the VP suggest that a fluid interaction was sometimes present in terms of rapport, discussion of the
traumatic event, the experience of intrusive recollections and discussion related to the issue of avoidance.
This work has now formed the basis for a new
project that will further modify the Justin and Justina
VP characters for military clinical training. In one
project, both Justin and Justina will appear as soldiers
who are depressed and possibly contemplating suicide,
as a training tool for teaching clinicians and other military personnel how to recognize the potential for this
tragic event to occur. Another project focuses on the
military version of “Justina” with the aim to develop
a training tool that clinicians can practice therapeutic
skills for addressing the growing problem of sexual assault within military ranks (See Figure 5). The system can also be used by command staff to foster better
skills for recognizing the signs of sexual assault in subordinates under their command and for improving the
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Figure 5: Military version of Justina

we intend to address a longer-term vision–that of creating a comprehensive DSM diagnostic trainer that has
a diverse library of VPs modeled after each diagnostic category. The VPs would be created to represent a
wide range of age, gender and ethnic backgrounds and
could be interchangeably loaded with the language and
emotional model of any of the DSM disorders. We believe this research vision will afford many research opportunities for investigating the functional and ethical
issues involved in the process of creating and interacting with virtual humans. While ethical challenges may
be more intuitively appreciated in cases where the target user is a patient with a clinical condition, the training of clinicians with VPs will also require a full appreciation of how this form of training impacts clinical
performance with real patients.
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