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Virtual Reality (VR) technology is in-
creasingly recognized as a useful tool for
the study, assessment, and rehabilita-
tion of cognitive processes and func-
tional abilities (Rizzo, 1994; Pugnetti et
al.,, 1995; Rizzo & Buckwalter, 1997;
Rose, Attree, Brooks & Johnson, 1998).
The capacity of VR to create dynamic in-
teractive immersive 3-D stimulus envi-
ronments, in which all behavioral
responding can be recorded, offers as-
sessment and rehabilitation options not
available with traditional neuro-
psychological methods. In this regard, a
growing number of laboratories are de-
veloping research programs investigat-
ing the use of Virtual Environments
(VEs) for these purposes; controlled
studies reporting encouraging results
are now beginning to emerge (Rizzo,
Buckwalter, & van der Zaag, 2001). This
work has the potential to advance scien-
tific study of normal cognitive and be-
havioral processes, and to improve our
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capacity to understand and treatimpair-
ments in these areas typically found in
clinical populations. Relevant to these
efforts, this article will briefly define
“virtual reality,” and present a rationale
for the application of VR technology for
the assessment and possible rehabilita-
tion of attention processes. We will then
present background on our develop-
ment of a VE targeting attention pro-
cesses referred to as the “Virtual
Classroom,” now evaluated to assess
children with ADHD.

WHAT IS VIRTUAL REALITY?

Virtual reality has been generally de-
fined as “a way for humans to visual-
ize, manipulate, and interact with
computers and extremely complex
data” (Aukstakalnis & Blatner, 1992).
While this general definition is useful,
more specifically, VR can be viewed as
an advanced form of human-computer
interface allowing the user to “interact”
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with and become “immersed” within a
computer-generated environment in a
naturalistic fashion. By analogy, this
means that, much like an aircraft simu-
lator serves to test and train piloting
ability, computer-generated virtual en-
vironments (VEs) can be created to as-
sess and rehabilitate cognitive and
functional abilities. Whereas a flight
simulation system provides an interac-
tive sensory illusion of a real flight, VR
can provide interactive scenarios de-
signed to target client needs via expo-
sure to simulated “real world” and/or
analog tasks.

Interaction in three dimensions (3D)
is a key characteristic distinguishing a
VR experience from watching a movie.
The believability of the virtual experi-
ence (or “sense of presence”) occurs by
employing such specialized technol-
ogy as head-mounted displays
(HMDs), tracking systems, earphones,



gesture-sensing gloves, and sometimes
haptic-feedback devices. For example,
a HMD is an image display system de-
signed to be worn on the head (like a
diving mask) that remains optically
coupled to the user’s eyes as he/she
turns and moves. A tracking system
senses the position and orientation of
the user’s head (and HMD), and re-
ports that information to a computer
updating (in real time) images for dis-
play in the HMD. In most cases,
full-color stereo image pairs are pro-
duced and earphones may also deliver
relevant 3D sound. The combination of
a HMD and tracking system allows the
computer to generate images and
sounds in any computer-modeled (vir-
tual) scene corresponding to what the
user would see and hear from their cur-
rent position if the scene were real. The
user may walk and turn around to sur-
vey a virtual landscape, or inspect a vir-
tual object by moving toward it and
peering around its sides or back. While
HMDs are most commonly associated
with VR, other methods incorporating
3D projection walls and rooms (known
as CAVES), as well as basic flat screen
computer systems, have been used to
create interactive scenarios of value for
clinical purposes.

THE “VIRTUAL CLASSROOM”
ATTENTION-PROCESS
ASSESSMENT AND TRAINING
PROJECT

We are currently developing a series of
HMD-delivered VR systems for the as-
sessment and possible rehabilitation of
attention processes. Our rationale for
choosing this cognitive process relates
to the widespread occurrence of atten-
tion impairments seen in a variety of
clinical conditions, and our belief that
VR provides specific assets addressing
these impairments—unavailable using
existing methods. Virtual reality HMDs
are well suited for these types of appli-
cations. They provide a controlled
stimulus environment in which cogni-
tive challenges can be presented, along
with the precise delivery and control of
“distracting” auditory and visual stim-
uli. This level of experimental control
potentially could allow for the devel-

opment of attention assessment tasks
more similar to those found in the real
world. Hence, the ecological validity of
measurement in this area could be im-
proved.

Our first project in the attention pro-
cess domaininvolved developing a vir-
tual “classroom” specifically aimed at
the assessment of ADHD. The scenario
consists of a standard rectangular class-
room environment containing student
desks, a teacher’s desk, a virtual
teacher, a blackboard, a large window
overlooking a playground with mov-
ing vehicles, and—on each end of the
wall opposite the window—a pair of
doorways through which activity oc-
curs. Within this scenario, children can
be assessed in terms of attention perfor-
mance while a series of typical class-
room distracters (i.e. ambient class-
room and hall noise, movement of a
virtual “person,” activity occurring
outside the window, virtual paper air-
plane flying, etc.) are systematically
controlled and manipulated within the
virtual environment.

The child sits at a virtual desk within
the virtual classroom and the environ-
ment can be programmed to vary with
regard to seating position, number of
students, teacher gender, etc. On-task
attention in terms of performance can
be measured on a variety of attention
challenges—adjusted based on the
child’s expected age or grade level of
performance. For example, on the sim-
pler end of the continuum, the child
could be required to press a remote
mouse controller upon the direct in-
struction of the teacher or whenever the
child hears the name of the color men-
tioned by the teacher (focused or selective
attention task). Sustained attention can
be assessed by manipulating the time
demands of the test itself. More com-
plex demands requiring alternating or
divided attention can be developed,
whereby the student needs to respond
by pressing the response button only
when the teacher states the color in re-
lation to an animal (i.e., the brown dog,
as opposed to the statement, “ I like the
color brown”)—only when the word
“dog” is written (or its picture appears)
on the blackboard.
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In addition to these attention perfor-
mance measures, behavioral activity
correlated with distractibility and/or
hyperactivity components (i.e., head
turning, gross motor movement), and
impulsive nontask behaviors (playing
with “distracter” items on the desk)
could be measured. Other scenarios
(i.e., work situations, home environ-
ments, etc.) using the same logic and
approach are being developed to ad-
dress attention process impairments in
other clinical populations. Our first
clinical trial is comparing ADHD diag-
nosed children (aged 8 to 12) with a
nondiagnosed control group using
more basic attention challenges as out-
lined in the next section.

Methods for Initial ADHD Clinical
Trial with the Virtual Classroom
Currently in Progress

Subjects. Subjects  consist of 15
ADHD-diagnosed children and 15 chil-
dren in a nondiagnosed control group.
The subjects were recruited from local
agencies in the greater Los Angeles area
with which our lab established collabo-
rative agreements—including USC
Children’s Hospital. Males, aged 8 to 12
are being tested in the VR scenario. A
full-standard diagnostic assessment,
using currently available tools, is avail-
able on all subjects. This includes a full
neuropsychological battery of tests,
classroom behavioral ratings, and flat
screen, computer-delivered, continu-
ous performance  test results.
Nondiagnosed subjects are adminis-
tered the same diagnostic workup.
ADHD subjects are tested prior to tak-
ing any medications; the VR exposure
lasts for approximately 30 min.

Warm-up and familiarization with the sce-
nario. Following completion of the
USC Human Subjects Research Review
Committee, procedures and informed
consent are obtained, then subjects are
escorted into the testing room. The
subject sits at a standard “school desk”
and a lab technician helps adjust the fit
of the Virtual Research V8
head-mounted display (HMD) to the
child’s head. An Ascension Tracking
Device is then fitted to the subject’s
nondominant hand and opposite knee.



At this point, the system presenting the
virtual classroom is activated and the
subject sees the interior of the class-
room in the HMD. The scenario con-
sists of a standard rectangular class-
room environment, containing three
rows of desks, a teacher’s desk at the
front, a blackboard across the front
wall, and a female virtual teacher be-
tween the desk and blackboard. On the
left wall, a large window overlooks a
playground and a street with moving
vehicles. On each end of the wall oppo-
site the window, there is a pair of door-
ways through which activity occurs.

The virtual teacher (VT) then in-
structs the subject to spend 1 min look-
ing around the room, pointing at and
naming various objects observed. This
assists the subject in becoming familiar
with components of the classroom en-
vironment. Following this 1 min pe-
riod, the VT tells the subject they are
now going to “play a game.” The VT in-
structs the subject to hold the remote
mouse in his or her dominant hand and
press the button when the teacher says
“g0.” This familiarizes the subject with
the operation of the remote mouse and
provides functional practice for its use
during the testing proper. Reaction
time to hit the mouse button following
the VIs command is recorded from a
series of 20 hit commands that are pre-
sented at random intervals during a 1
min period. The virtual teacher then in-
structs the subject that a new game will
now begin and the testing proper phase
commences.

Experimental Conditions. Three condi-
tions follow, each lasting 10 min. The
first two conditions use basic visual
stimulus challenges found in com-
monly used flat screen computer-deliv-
ered continuous performance tasks
(CPTs). In these conditions, the subject
is instructed to view a series of letters
presented on the blackboard, and to hit
the response button only after he views
the letter “X” preceded by an “A” (suc-
cessive discrimination task). The AX
version of the CPT consists of the letters
A,B,C,D,E,FG,H,J,L,and X. The let-
ters are white on a gray background
(the virtual blackboard), presented in a
fixed position directly in front of the

subject. The stimuli remain on the
screen for 150 msec, with a fixed
interstimulus interval of 1350 msec.
Four hundred stimuli are presented in
the 10-min condition. The target letter
“X” (correct hit stimuli) and the letter
“X” without the “A” (incorrecthit stim-
uli) each appear with equal probability
of 10%. The letters “A” and “H” both
appear with a frequency of 20%. The re-
maining eight letters occur with 5%
probability. Subjects are instructed to
press the mouse button as quickly and
accurately as possible (with their domi-
nant hand) upon detection of an “X” af-
ter an “A” (correct hit stimuli) and
withhold their response to any other se-
quence of letters. A 1-min practice trial,
consisting of a very basic sample series,
is presented to the subject—with the ex-
perimenter providing promptsin order
to assist the subject in learning the task.
Upon completion of this phase, Condi-
tion 1 or 2 begins.

e Condition 1 is administered with-
out distractions, while Condition 2
consists of the same tasks—with
distractions included. Presentation
order of every conditionis counter-
balanced across all subjects. The
order of presentation of the hit
stimuli is administered based on
the following rules: Letters appear
on the board at a constant rate of
one letter per 1.5 sec (40x per min);
four correct hit stimuli per min are
presented (“X” preceded by an
“A”),in a fixed order occurring ev-
ery 200 sec. This means that three
blocks of 200 sec “orders” are cre-
ated; four incorrect hit stimuli per
minute are presented (“X” pre-
ceded by an “A”), in the same for-
mat as outlined in Step #2; 32
nonhit stimuli are presented dur-
ing each min.

e Condition 2 presents identical
stimulus challenges, as presented
in Condition 1. However these oc-
cur in the presence of pure 3D
immersive audio distracters, pure
visual distracters, or mixed 3D au-
dio/visual distracters. Distracters
consist of the following:

Pure auditory—ambient classroom
sounds (i.e.,, whispering, pencils
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dropping, chairs moving, etc.) “be-
hind” the student

Pure visual—3D paper airplane
flying directly across the subject’s
field of view

Mixed audiofvisual—Car “rum-
bling” by outside window on the
left, and a virtual person coming in
and out of doors on the right side of
the classroom with sounds of the
door “creaking open,” footsteps,
and hallway activity.

Distracters are presented in a con-
sistent manner in 3 min blocked
segments corresponding to the 3
min “blocked” stimulus presenta-
tions. In this manner, perfor-
mances in each subsequent
identical 200 sec block will allow
for comparison over time.
Distracters are displayed for 5 sec,
and presented in randomly as-
signed, equally appearing inter-
vals, of 10 sec, 15 sec, or 25 sec.
Thirty-six distraction intervals (12
of each) and 36 distracters (9 of
each) are included in the 10-min
condition.

Condition 3 consists of a more real-
istic “ecologically valid” attention
task, requiring integration of audio
and visual attention processes. In
this condition, line drawings of
common objects appear on the
“blackboard.” These drawings
were taken from the Boston
Naming Test (Kaplan, Goodglass,
& Weintraub, 1978, 1983), and the
VT calls out the item’s name—ei-
ther correctly or incorrectly. The
subject is asked to listen to the VT,
observe the “blackboard,” and hit
the response pad every time the VT
incorrectly names the object. Stim-
ulus drawings are presented at a
rate of one every 5 sec. After 4.5
min the criterion for response
shifts—requiring the subject to hit
the response pad after correct
matches between the visual stimu-
lus and the auditory name emanat-
ing from the VT. This condition is
presented with distractions occur-
ring within the 10-min block in the
same fashion as Condition 2. The
same types of distractions occur-
ring in Conditions 1 and 2 are used



in Condition 3. While types of
stimulus challenges used in Condi-
tions 1 and 2 are not typical of what
exists in a real classroom environ-
ment, the cognitive challenge char-
acterizing Condition 3 more
closely mimics “real-world” atten-
tion challenges. This task creates
challenges combining both visual
and auditory sensory stim-
uli—possibly allowing for a more
ecologically valid assessment of
higher levels of attention.

Response Measurement. Reaction time
and response variability are used as
performance measures, while “head
turning” and gross motor movement is
recorded by the tracking devices on the
HMD and on the hand/ankle tracking
system. Conditions 1 and 2 were se-
lected for the initial study, in order to
compare what added value this system
may have relative to standard flat
screen-delivered approaches using
similar stimuli (of which we will have
full protocols for these subjects). Con-
dition 3 was chosen to assess differen-
tial performance that may occur when
using somewhat more evolved and
ecologically valid conditions envi-
sioned as similar to the basic archetypic
classroom task of listening/look-
ing/responding. Also, while stimuli in
Condition 3 are still rather simple, con-
siderable standardization data on the
Boston Naming Test allows us to exam-
ine performance in a meaningful
way—armed with a rich history of ob-
jective results on the psychometric
properties of these particular stimuli.

DISCUSSION AND

FUTURE PLANS

Thus far, initial iterative user-centered
design evaluation on the classroom sce-
nario, with 14 nondiagnosed children
(age 6 to 12) provided encouraging us-
ability results. No children were ob-
served to have any hesitancy using the
HMD; none reported symptoms of
cyber-sickness (dizziness, nausea, dis-
orientation, etc.) following 10 to 20 min
exposures within the scenario. Also, all
of the users were able to read the letter
stimuli on the board, and track and re-
port occurrences of the distraction
stimuli.

It is our view that an immersive VR
approach possesses the capacity to sys-
tematically provide attention chal-
lenges and distraction within an ecolog-
ically valid scenario (classroom) and
would offer better predictive informa-
tion with regard to performance in the
real environment. To accomplish this,
we have plans to evolve the testing con-
ditions in a series of future studies. For
example, one approach might involve
the virtual teacher requesting a hit re-
sponse if an image of a cat appears on
the blackboard. The next level may re-
quest a response if the cat is wearing a
collar. A successive series of questions
would similarly follow. In essence, at-
tention targeting in this manner could
utilize a wide variety of “real-life”
classroom stimuli, and tasks that can be
created using auditory (teacher’s
speech) and visual (blackboard) pre-
sentation of colors, geometric forms,
numbers, letters, single words, full sen-
tences, and illustrations of objects—all
requiring some response.

Another consideration for working
with this population concerns the ob-
servation that children diagnosed with
ADHD often have a fascination for the
type of stimulus environments occur-
ring with computer/video games. Par-
ents are often puzzled that, although
they observe their children intently fo-
cusing on video games—teacher re-
ports indicate inattention in the class-
room (Greenhill, 1998). This
observation may suggest possible di-
rections for computer and VR-deliv-
ered approaches to education and cog-
nitive rehabilitation strategies. Yet, it
could also minimize the assessment
value if VR scenarios are “too interest-
ing” to children. Our strategy to ad-
dress this concern involves limiting the
stimulus “variety” in the design of test-
ing trials in the virtual classroom envi-
ronment, and emphasizing longer test-
ing periods characterized by repetitive
tasks coupled with distraction. Again,
empirical analysis will be the primary
method to sort out these issues.

We anticipate this work may also
help differentiate the various subtypes
reported to occur with ADHD (APA,
1994). The occurrence of pure attention
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versus pure hyperactive versus mixed
subtypes may be better assessed ina VE
where, in addition to cognitive perfor-
mance, motor activity levels can be re-
corded via the VR position-tracking
system. This might also be of particular
value for assessing the effects of medi-
cations on performance. While phar-
macological treatment may produce a
measurable  decline in  motor
“fidgetiness,” it may be found through
measurement within a VE that concur-
rent attention does not improve within
certain more definable conditions. As
well, the head tracking device within
the HMD makes possible a determina-
tion of where the subject’s field of view
is located during hit-stimulus delivery.
This will allow us to determine if a sub-
ject missed the hit-stimulus while actu-
ally looking at the board, as opposed to
looking at other objects in the scenario.
A VE approach in this area would be
well suited to address this question.

Further developments in the Virtual
Classroom will include other forms of
distraction. For example, the influence
of distracting intrusive thoughts could
be modeled in this scenario. This might
be addressed by having subjects read a
list of commonly reported “day-
dream-like” thoughts (i.e., “Gee, Iwish
this class was over”) before the test ses-
sion. Then, during the testing trials,
these statements would be played back
inamodulated “dreamlike” sound-for-
mat to assess their impact on perfor-
mance. Populating the classroom envi-
ronment, with virtual humans
(avatars) of other students as a form of
realistic distraction, will also be under-
taken. Behavioral inhibition might also
be studied by providing options for
“gaming” tasks, initially presented
upon introduction to the classroom,
and then instructing the subject that,
while testing is going on, they can no
longer “play” with the game. For exam-
ple, the subject can be shown that press-
ing a “button” in close proximity to the
regular “response” button will cause
the “distracting” paper airplane to
“crash.” The number of impulsive
“off-task” button presses during test-
ing trials could serve as a behavioral in-
hibition metric. Finally, once parame-
ters of the environment are better



understood, it may be possible to incor-
porate systematic attention-training
trials that more specifically target stim-
ulus conditions under which an indi-
vidual’s performance was been shown
to be impaired. This option could be
used in a systematic drill-and-practice
fashion, within the context of this func-
tionally relevant environment and with
the hope of maximizing transfer of at-
tention improvements to real educa-
tional settings.

Our future work with this scenario
will also involve using this classroom
“platform” as a tool to assess cognitive
performance-targeting attention, mem-
ory, and executive functions with per-
sons having other clinical diagnoses
(i.e., pediatric TBI). The overall system
is designed to contain options allowing
for its flexible application. Also, we
have extended the design elements of
the Virtual Classroom to develop a Vir-
tual Office VE for similar applications
with adult populations.

In conclusion, it is our view that VR
technology could improve the reliabil-
ity of neuropsychological assessment
by allowing for a more consistent pre-
sentation and manipulation of complex
test and distraction stimuli, along with
more precise measurement of partici-
pant responses. In this manner, VR
could offer the potential for cognitive
assessment and rehabilitation within
simulated “real-world” functional test-
ing and training environments—with
an aim toward improving ecological
validity. A more precise form of mea-
suring attention performance using
VEs modeled after real-life settings
should, in theory (Thorndike, 1903),
provide better predictions (and train-
ing) of performance in experience. If
the associated technology continues to

advance in the areas of visual displays,
computing speed/memory storage,
graphics, 3D audio, interface design,
wireless tracking, voice recognition, in-
telligent agents, and VR authoring soft-
ware, then more powerful and natural-
istic VR scenarios will be possible.
These advances could result in more
readily available desktop-powered VR
systems with greater sophistication
and responsiveness. Such increases in
access would allow for widespread ap-
plication of VR technology, and pro-
mote independent replication of re-
search findings needed for scientific
progress in this field. This view reflects
the current thrust of our work.
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