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ABSTRACT

Virtual Environment (VE) technology offers clinical assessment and rehabilitation options
that are currently not available using traditional neuropsychological methods. Advancements
in this type of immersive information technology could produce tools that enhance the sci-
entific study of human cognitive/functional processes and improve our capacity to more ac-
curately assess and treat impairments found in persons with central nervous system (CNS)
dysfunction. Through the creation of dynamic three-dimensional (3D) stimulus environments,
in which all behavioral responding can be recorded, VE technology offers the possibility to
more sensitively address a range of age-related CNS disorders including Alzheimer’s Dis-
ease, Vascular Dementia, Parkinson’s Disease, and stroke. Advances in this area could im-
pact quality of life issues for an increasingly aging world population. The VE Laboratory at
the University of Southern California has developed a suite of ImmersaDesk-format, 3D pro-
jection-based VEs. These scenarios target assessment of visuospatial skills including visual
field-specific reaction time, depth perception, 3D field dependency (virtual rod and frame
test), static and dynamic manual target tracking in 3D space, and spatial rotation. The current
project tested healthy older adults (ages of 65 and 92). Participants were administered a stan-
dard neuropsychological battery and a suite of VE-delivered visuospatial tasks. Issues ad-
dressed in this project include: the occurrence of VE-related side effects in healthy older
adults; the relationship between performance on VE measures and standard neuropsycho-
logical tests; the assessment of gender specific performance differences; the relationship be-
tween immersive tendencies, presence ratings, and VE performance in older adults; learning
and generalization; and VE visuospatial performance differences between younger and older
participants. This article will address the motivation, rationale, and relevant issues for use of
VEs with older adults. A description of our VE system/methodology in the context of a re-
cent study targeting assessment and possible rehabilitation of visuospatial skills with this
population will then be detailed.
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INTRODUCTION

PPROXIMATELY 12.6% OF THE POPULATION is
oner the age of 65 years in the United
States today. By the year 2030, this number is
expected to increase to 22%, in part due to im-
provements in medical care resulting in in-
creased life expectancy. Projections indicate
that the number of persons aged 85 and over
will double by the year 2030.! When coupled
with observations of age-related cognitive de-
cline, these statistics highlight the importance
of increasing our focus on issues of aging and
call for the re-evaluation and expansion of cur-
rent neuropsychological assessment (NA) and
cognitive rehabilitation (CR) methods that tar-
get the needs of the elderly. It is our position
that VE technology could play a part in the ad-
vancement of neuropsychological methods and
tools.

Neuropsychology is an applied science that
evaluates how specific activities in the brain are
expressed in observable behaviors.? NA uses
psychometric assessment tools to diagnose
dysfunction and to specify cognitive strengths
and limitations in order to design rehabilitation
strategies, assess treatment efficacy, and plot
cognitive changes over time. CR aims to restore
cognitive/functional abilities following brain
damage or dysfunction.® Also, CR works to-
ward “increasing or improving an individual’s
capacity to process and use incoming informa-
tion so as to allow increased functioning in
everyday life.”* As applications in VE technol-
ogy become less expensive and more accessi-
ble, these tools could become one key that will
open the door to enhanced quality of life for
older adults in the coming millennium.

VE technology offers the potential to develop
immersive, dynamic 3D assessment and train-
ing modules that are capable of delivering a
broad range of complex stimuli useful for test-
ing and training purposes.”=® This technology
could serve to enhance “ecological validity” or
the degree to which a test or training exercise
simulates interaction in the “real” world.’
Through increased precision in stimulus deliv-
ery and enhanced recording of behavioral re-
sponding, the rigorous experimental control re-
quired for scientific analysis could be improved
with VE technology. Further, VEs can provide
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flexibility and sophistication for rehabilitation
options through an increased capacity to test
and train naturalistic behavior within a “real-
world” functional module. This could lead to
improved development of functional cognitive
rehabilitative programs as well as ensuring ac-
curate collection of data, which might have
been lost using traditional methods. For exam-
ple, older adults with impairments in memory
and executive functioning could be presented
with hierarchical rehabilitative challenges in a
VE more efficiently and consistently than with
traditional methods.

Although the possibilities are considerable,
researchers have only just begun to address the
issues surrounding the utilization of VEs with
older adults. Currently, applications for use
with this population are few and very much in
their infancy.!!! In fact, enhancements in hu-
man-computer interfaces for older adults have
just recently become a focus of researchers.!?13
This article will address the motivation, ratio-
nale, and relevant issues for use of VEs with
older adults. Also, a discussion of our ongoing
research project, which targets NA and CR of
visuospatial skills in this population, will be in-
cluded.

GENERAL ISSUES FOR USE OF VE
TECHNOLOGY WITH THE ELDERLY

Do the benefits outweigh the costs?

An important step in deciding to develop
any VE application is to perform a realistic
cost/benefit analysis.!* One must ask if the tar-
geted assessment objective requires the com-
plexity and cost of a VE approach, or if it can
be undertaken using simpler, less expensive,
and currently available methods. For example,
if one’s objective is to assess global cognitive
functioning in older adults as an initial screen-
ing procedure for dementia, then a very basic,
standardized, 30-question mental status mea-
sure such as the Mini Mental State Exam!® may
be utilized. However, the same researchers
may believe that probable Alzheimer’s disease
(AD) could be detected at the very earliest stage
through a more precise and systematic analy-
sis of cognitive functioning in an ecologically
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valid and stimulus-rich functional VE. For this
purpose, a VE application may be the most ef-
ficient method for systematically controlling
the stimulus environment while precisely mea-
suring millisecond-by-millisecond responses.
The earlier detection of cognitive decline in AD
could signal the start of earlier intervention ap-
proaches to slow disease progression and pro-
mote increased functional longevity. The po-
tential value of such a VE application could be
conjectured to outweigh the initial design and
development costs.

Nature of the clinical population

Ethical concerns also require clinical vigi-
lance when using VE applications across dif-
ferent patient groups. Along these lines, re-
searchers and clinicians must be aware of the
potential for vast differences within older adult
patient groups and take this variability into
consideration when developing VE assessment
and rehabilitation tools. As pointed out by
Neugarten,'® old age spans many years and
might be usefully broken down into categories
such as “young-old” (age 65-84) and “old-old”
(85+), including both healthy and frail persons.
Consequently, categories based on age alone
may be arbitrary when it comes to capturing
the diverse individual neuropsychological and
physical differences present in the elderly. For
instance, a 65-year-old person with symptoms
of advanced Parkinson’s disease (PD) may
function more poorly than an 85-year-old with
mild hypertension on a standard NA protocol.
Therefore, a focus on differences in functional
aging may be more fruitful than chronological
aging when it comes to developing and imple-
menting VE applications.

Changes in physical functioning are impor-
tant to take into consideration when designing
VEs for use with older adults, especially in the
visual, auditory, vestibular, and motor sys-
tems. In normal aging, there is a decrease in the
visual image that reaches the retina and a de-
creased capacity to focus on objects as they
move closer and further away (accommoda-
tion).!” In fact, by the age of 60, the lens is com-
pletely incapable of focusing on objects at a
close distance.!® Also, the lens becomes more
opaque with age due to an accumulation of yel-
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low pigment, making it more difficult to dis-
criminate colors in the green-blue-violet spec-
trum.! This clouding of the lens may result in
problems with glare. When tracking moving
objects, visual acuity is particularly poor at low
levels of illumination.?’ Difficulties in depth
perception and dark adaptation also occur in
advanced age.!” Over time, visual acuity typi-
cally declines so that more than 95% of persons
over the age of 65 need glasses and require
more light in order to see adequately.?! Inter-
estingly, stereopsis, the perception of 3D-space
resulting from the varying input that reaches
the two eyes, is stable, at least up to age 65
years.??

Approximately 50% of normal elderly peo-
ple have significant hearing impairment.!”
Hearing loss, especially for high-frequency
tones, increases as people age and is more se-
vere in older men than women.?® In general,
older people are susceptible to masking. That
is, they have great difficulty hearing normal
speech when there is substantial background
noise. As noted by Whitbourne,!” “higher rate
of presentation, deletion of parts of the mes-
sage, competition from background noise or
competing messages, and reverberation” (p.
98) may affect speech perception in the elderly.
Further, age-related changes in the vestibular
system may result in vertigo and dizziness in
older people,?* which may be exacerbated by
certain medications and physical illness in-
cluding cardiac and vascular problems.?

With increasing age, stamina or endurance
typically declines due to changes in cardio-
pulmonary functioning, circulation, and mus-
cle mass. When assessing cognitive skills,
“marathon testing” should be avoided because
some older adults may fatigue and perform
more poorly if not given appropriate rest and
pacing during assessment, especially if they are
frail or in poor health.?®

Many modes of VE navigation (data-gloves,
joysticks, space balls, etc.), while easily mas-
tered by younger participants, could poten-
tially present problems for some older adults.
For example, 50% of women and 35% of men
in a national sample over the age of 55 reported
they had arthritis.?” Arthritis may interfere
with grasping, rendering it difficult if not im-
possible to hold a pencil. Also, paralysis of the
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hand may result from stroke. Further, weak-
ness of the muscles, which may be associated
with advanced age, may adversely impact
range of motion.?®

VE-related side effects in older adults

In order for VE technology to become a safe
and useful tool for use with older adults, the
issue of adverse side effects must be consid-
ered. Two general categories of VE-related side
effects, cybersickness, and after-effects, have
been reported. Cybersickness is a form of mo-
tion sickness with symptoms including nausea,
vomiting, eyestrain, disorientation, ataxia, and
vertigo.?? Cybersickness may result when con-
flicting perceptual information arises from two
or more sensory modalities (auditory, visual,
vestibular, proprioceptive) or when one per-
ceives an incongruity between a VE and what
one would expect based on “real world” sen-
sory experience.?’

After-effects include symptoms such as dis-
turbed locomotion, changes in postural control,
perceptual-motor disturbances, past pointing,
flashbacks, drowsiness, fatigue, and generally
lowered arousal.’'=> Adaptation to the sen-
sory/motor requirements of VEs that do not
represent a perfect replica of the “real” world
may be related to the occurrence of after-ef-
fects. Upon leaving a VE, after-effects may oc-
cur due to a lag in readaptation to the non-VE
environment. Persons with unstable binocular
vision (which can occur with aging and fol-
lowing strokes and other CNS disorders) may
be especially susceptible to post-exposure vi-
sual aftereffects.® Factors that may influence
the occurrence of side effects include type of
VE program used, technical drivers, length of
exposure time, prior experience using VEs,
movement (active vs. passive), gender, and
method of measurement used to assess occur-
rences.>’ 40

Thus far, only a few studies have addressed
the issue of VE-related side effects in older
adults. For example, positive results using an
HMD driving scenario with older adults have
been reported.*! Also, a favorable experience
was reported when assessing a group of stroke
patients with a flat screen system for memory
following navigation.*? Although these initial
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reports are encouraging, during our study we
took a cautious stance regarding potential VE-
related side effects and had funds built into our
grant that provided round-trip transportation
to and from the assessment site. It was our view
that the worst thing for the user, us, and the
field would be for an elderly person to have a
car accident while driving home after partici-
pating in an “experimental virtual reality sce-
nario” where we were exposing subjects to vi-
suospatial manipulations.

VE TECHNOLOGY AND THE STUDY
OF 3D

Neuropsychology of 3D space

A thorough understanding of the complexi-
ties of human spatial processing is of particu-
lar importance when attempting to diagnose
underlying brain dysfunction and resulting be-
havioral manifestations.*> The rehabilitation of
spatial abilities serves a vital role in the reac-
quisition of functional abilities such as driving,
navigating environments, and other instru-
mental activities of daily living (IADLs). Ac-
cording to Previc, “the 3D space surrounding
us is ubiquitous, very few human behaviors are
completely devoid of spatial aspects or refer-
ences. For that same reason, our interactions
within the 3D spatial environment are arguably
the single most important influence on the forg-
ing of the structural and functional architecture
of the human brain.”**

The conceptualization of visuospatial ability
in 3D space ranges from the general to the
highly complex. A general definition of visu-
ospatial processing is presented by Carpenter
and Just* who describe it as the ability to gen-
erate a mental representation of a 2D or 3D
structure, assess its properties, and perform a
transformation of that “representation.” Often
visuospatial ability in 3D space is conceptual-
ized through the understanding of various sub-
components, such as spatial perception, orien-
tation, visualization, and mental rotation.*® A
complex and perhaps more complete way of
viewing 3D perceptual-motor operations in-
cludes four major behavioral systems; the
peripersonal, the focal extrapersonal, the action
extrapersonal, and the ambient extrapersonal
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systems. The peripersonal system includes
reaching, manipulation, and consummatory be-
havior. The focal extrapersonal system includes
visual search and object recognition. The action
extrapersonal system includes navigation, ori-
enting to targets, and episodic remembrance in
topographical space. Postural orientation during
locomotion in gravitationally defined space is in-
cluded in the ambient extrapersonal system.
These systems are linked to both structural (brain
anatomy) and functional (neurotransmitters) as-
pects of the brain.** As technology advances, VEs
may provide a unique and accurate way of gain-
ing access to these complex cognitive processes.

3D space and neurodegenerative disorders
of aging

A better understanding of visuospatial func-
tioning in 3D space is imperative for accurate
assessment and rehabilitation of age-related
neurodegenerative disorders. In this section, a
brief sampling of 3D spatial deficits associated
with CNS disorders of aging will be reviewed.
Although this review is not exhaustive, it is de-
signed to provide a glimpse into the impor-
tance of 3D spatial assessment for these clini-
cal populations.

Current estimates of the prevalence of AD
range from 3% of persons between the ages of
65 and 74 years to 47% in those over 85 years
old.*” Indeed an estimated four million Amer-
icans over the age of 65 are afflicted with AD,
making it the third most costly (financial and
emotional) disease to families in the United
States.*® Although AD is usually associated
with devastating memory and language diffi-
culties, 3D spatial deficits are also present.
Most prominently, it has been suggested that
these deficits may contribute to a person’s dif-
ficulty navigating in the spatial environment
and becoming lost or disoriented.*’

Studies of neuropsychological test perfor-
mance in persons with AD suggest that there
are a number of extrapersonal visuoconstruc-
tive deficits present.** For instance, there is a
tendency to omit or inaccurately portray the lo-
cal details in drawings as opposed to distort-
ing the picture’s global configuration.®® Per-
sons with AD may also exhibit upper visual
neglect, as seen in missing details located to vi-
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suospatial stimuli and identify targets in visual
array, has also been reported to be impaired in
some cases.”®

In contrast, visuospatial skills are relatively
spared in persons with frontotemporal demen-
tia (FTD). In 96.6% of FTD patients, spatial ori-
entation was preserved as opposed to AD pa-
tients. This finding persists even into the later
stages of FTD, while only 16% of AD patients
displayed unimpaired performance (drawing
interlocking pentagons) in the early stages of
the disease.®

PD damage to the nigrostriatal dopaminer-
gic system of the brain is present, resulting in
an extrapersonal motoric deficit.** For PD pa-
tients, verbal comprehension abilities are gen-
erally spared, whereas perceptual organiza-
tional ability, speed of processing, and, to some
degree, working memory are relatively im-
paired.? Notably, there can be a restriction of
upward gaze in the context of a general dearth
of saccadic scanning®*°°> as well as a downward
pointing bias to remembered targets in PD.%®

Nearly 500,000 individuals have a first-time
stroke each year. Overall, approximately three
million Americans experience some degree of
disability from stroke and it is the third lead-
ing cause of death after heart disease and can-
cer.”” The incidence of stroke increases with
age, occurring more in men than women. The
effects of stroke on cognitive functioning de-
pend upon the location of the infarction or
hemorrhage, what kind of damage is caused,
and the size of the lesion.?

As a final example, patients with cerebellar
damage (CD) have been assessed on tasks of
selective and spatial attention, mental imagery,
and verbal-linguistic-temporal-order memory.
CD patients were slower than normal controls
on spatial attention tasks across all conditions
(asked to focus on the center of the computer
monitor and to press a key whenever a target
appeared in the right or left visual field). On a
spatial rotation task, only the degree of stimu-
lus rotation affected accuracy, but there was
not a significant difference between groups
(subjects were required to press a key as soon
as they decided whether two 2D geometric fig-
ures were either the same or mirror images).
One figure was systematically rotated with re-
spect to the other by 0, 60, 120, or 180 degrees.
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It was concluded that the spatial attention task
was the only task in which CD patients’ re-
sponse times were significantly slowed com-
pared to normal controls, but they were equally
accurate.”®

VEs and the study of visuospatial skills

A number of VE scenarios have been devel-
oped to target spatial abilities, and a sampling
of these applications will be provided below.
For a more detailed review of this area with
clinical populations, see Rizzo et al.>’

Flatscreen scenarios. A VE version of the Mor-
ris water task®® has been developed to study
place learning.®! On this VE task, persons must
navigate an environment in search of a hidden
platform utilizing local environment cues on
the walls of the VE. Significant differences in
performance were found when comparing age,
CNS dysfunction, drug effects, and gender dif-
ferences in this VE. Also, the use of flatscreen
VE scenarios have shown promising results for
training spatial orientation and navigation
skills with children having motor disabilities.®?
Transfer of spatial learning was shown to gen-
eralize to the “real” school environment after
the children interacted in the VE school sce-
nario, and learning improved with practice.
Flexibility in the cognitive representation or
“mapping” of the environment was inferred, as
the children were able to accurately identify the
direction of objects not in their line of sight
from a position not modeled in the VE. Similar
findings have been reported by another group
of researchers who have developed a visuo-
spatial VE scenario designed for use with chil-
dren who have motor impairments.®® In this
study, spatial performance was equated with
“real world” training, and successful general-
ization to the real environment was reported.
Also, improvement using a flat screen VE train-
ing system, targeting functional spatial knowl-
edge, has been reported for teenagers with de-
velopmental disabilities in a supermarket
search and navigation scenario.®

Projection-based scenarios. An early study
from the USC VE Lab targeted Mental Rotation
(MR) via a manual spatial rotation task that
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required subjects to manipulate block con-
figurations within an ImmersaDesk-delivered
VE.®>%6 MR is a well-studied visuospatial vari-
able that can be described as a dynamic im-
agery process that involves “turning something
over in one’s mind.”%” Participants were pre-
sented with a target block configuration and
the speed and efficiency of their movements to
superimpose a replica design upon the target
was measured and recorded. All manner of an-
gle disparity and axis combinations were pro-
grammed into the system allowing for the hi-
erarchical presentation of cognitive challenges
required for NA /CR purposes. The initial fea-
sibility study, targeting MR in a VE, assessed
young adults (ages 18-40) on a number of vari-
ables including side effects, learning on the VE
MR task, and transfer of training from the VE
to performance on a 2D paper and pencil MR
task.®® The relationship between VE perfor-
mance and other “standard” neuropsycholog-
ical tests of cognitive performance were inves-
tigated along with gender differences on these
variables. A number of encouraging findings
emerged including minimal side effects, good
psychometric properties of the VE test,
provocative relationships with standard NA
tests, a lack of gender differences compared to
the paper and pencil measures, training im-
provement, and significant transfer of training

with low initial paper and pencil perform-
ers.62/66

HMD scenario. HMD-delivered VEs have
been utilized for studying spatial processes in
normal subjects on mental rotation ability,® fa-
cial scanning in autistic children (with an eye-
tracking system built into the head mount),”°
and spatial exploratory behavior with clinical
populations having vestibular dysfunction.”!
HMD VEs, targeting driving ability, have also
been utilized with TBI patients and older
adults.!® Another intriguing VE system, de-
signed to train elderly persons to step over ob-
stacles is being developed.!! This HMD VE ap-
plication allows at-risk elderly persons to
practice stepping over moving obstacles on a
treadmill while wearing an overhead safety
harness. This type of VE is especially important
given the fact that preventable falls, often re-
sulting in hip damage, are a leading factor in
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loss of functional independence for older
adults.

Age, gender, and spatial ability in normal aging

Gender and age differences in cognitive per-
formance have been reported throughout the
psychological literature. Consequently, these
variables should be considered and controlled
for when cognitive research is conducted in
VEs. In general, older adults demonstrate
slower performance on spatial tasks than
younger adults,”>”% and gender differences in
spatial skills may be larger in older adults.” In-
terestingly, some studies have reported a ver-
bal advantage for elderly women’>7% and spa-
tial advantage for elderly men.”” However,
other studies have not yielded similar find-
il’lgS.78’79

One of the more interesting gender-influ-
enced cognitive skills within the spatial domain
involves mental rotation. The Mental Rotation
Test (MRT), a paper and pencil measure de-
signed to assess mental rotation, involves the
presentation of representations of 3D objects in
which subjects are required to make judgments
as to whether objects are the same or different
in various angles of rotation.®” The MRT has
consistently produced robust gender differ-
ences in favor of males.?? In a recent study as-
sessing older adults on the MRT, males demon-
strated decreased performance on the MRT
with age but still performed at a significantly
higher level than older females. These findings
were independent of global cognitive func-
tioning between gender groups, and may rep-
resent cognitive changes due to hormonal fac-
tors.®! By contrast, results from the Virtual
Reality Spatial Rotation (VRSR) test with a
young sample did not demonstrate gender dif-
ferences when male and female participants
were able to manually manipulate the stimuli
in a VE.®>%6 This was in sharp contrast to a large
male advantage on the 2D pencil and paper
MRT.

Our primary effort in this project has been to
study performance on the VRSR test and on
seven other newly developed visuospatial sce-
narios with a normal aged population and use
these results for comparison purposes with a
young sample. As well, we plan to use this
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sample as a baseline for future research com-
paring performance with older persons have
various forms of dementia. Although we hav-
ing limited analyses to report on the current
project in time for this publication deadline, re-
sults of our ongoing analyses will be available
by June 1, 2000 and can be obtained via E-mail
at arrizo@usc.edu in advance of our formal pre-
sentation of results in a future paper. Also, mpg
video images of all the visuospatial scenarios
are available from this E-mail address.

METHODS

Participants

Thirty community-dwelling older adults (15
men and 15 women) between the ages of 65 and
92 participated in the present study. Partici-
pants consisted mainly of volunteers from the
Andrus Gerontology Center at the University
of Southern California and resided in the
greater Los Angeles area. Participants were
paid $50.00 for their participation in the study.
There were no significant differences between
men and women on age (men, mean = 74.8,
SD = 6.18; women, mean = 73.4, SD = 7.46)
or education (men, mean = 16.4, SD = 3.1;
women, mean = 14.8, SD = 2.53). Prior to se-
lection for the study, participants were
screened with the “Telephone Interview for
Cognitive Status” (TICS) to rule out cognitive
impairment.®? A cut-off score of 30 was used.
Other exclusion criteria included history of
neurological illness, physical, or psychiatric
disorder that might impair performance in the
VE.

Virtual reality system

The display system used to deliver the visuo-
spatial VE scenarios was a Pyramid Systems
ImmersaDesk™ drafting-table format rear-pro-
jection display. The large-screen semi-immer-
sive display system provides a wide-angle
view that allows participants to interact with
3D “hologram-like” stimuli. This is accom-
plished through the use of a 5' X 7’ rear-pro-
jected screen positioned at a 45-degree angle.
Stereo glasses and magnetic head and hand
tracking are employed in this system. For more
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information on the ImmersaDesk™ display
tool, please wvisit: http://www.fakespace.
com/. An SGI Onyx system is used for this ap-
plication.

Procedures

Experimental sessions took place in three
phases and lasted for an average of 3 hours
total for completion. During the first phase,
prescreening was completed and informed
consent was obtained. Also, participants com-
pleted a number of surveys sent to their homes
including the following: (a) a basic demo-
graphics questionnaire; (b) a handedness in-
ventory®; (c) the Immersive Tendencies Ques-
tionnaire®4; (d) the Telegen Absorption Scale,®
which also measures potential for “immersive”
experiences; and (e) a computer experience
questionnaire.

During the second phase, a neuropsycholog-
ical battery was administered to participants
along with The Motion History Question-
naire.?® Tests of auditory and visual acuity
were conducted at that time. The neuropsy-
chological battery included a diverse set of as-
sessment tools, widely utilized and standard-
ized for use with older adults. Within the
verbal domain, pre-morbid verbal ability was
estimated with the National Adult Reading Test-
American Version (AMNART).?” Fluency was as-
sessed through the Animal Fluency Test.®® The
California Verbal Learning Test (CVLT) was em-
ployed to assess verbal learning and memory.%
Primary attentional capacity and mental track-
ing, within the verbal domain, was assessed
with the WAIS-III Digit Span Forwards and Digit
Span Backwards subtests.”® Working memory
was assessed through the Arithmetic and Letter-
Number Sequencing subtests of the WAIS-IIL.%
In the visual domain, visuospatial skills were
assessed with Judgment of Line Orientation
(JLO).°! Visuoconstructional ability was as-
sessed with the Block Design subtest of the
WAIS-IIL?° Visual Reproduction I and II (NMS-
III Subtests) was utilized to assess visual learn-
ing and memory.”> Primary attentional cap-
acity and mental tracking, within the visual
domain, was assessed with Trailmaking A
and B.”> Non-verbal reasoning was as-
sessed through Matrix Reasoning (W AIS-III
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Subtests).?% Line Bisection was utilized to assess
for right and left visual field neglect.”* Due to
the potential influence of emotional status on
psychological and neuropsychological test per-
formance, emotional status was assessed
through use of the Symptom Checklist-90 (SCL-
90).%° This test is composed of 90 items that as-
sess for a number of major symptoms of psy-
chological disturbance.

In the third phase, participants were given a
pre-VE exposure administration of the Simula-
tor Sickness Questionnaire.’® Baseline mental
rotation ability was assessed using the Mental
Rotation Test (MRT),%® which uses line drawings
of block stimuli. The MRT consists of two 10-
item sections in which participants match two
of four choices to a target figure. Incorrect
choices are mirror images of the target or al-
ternative block configurations. Standard ad-
ministration provides a time limit of 5 minutes
per 10-item section. The alternate form of the
MRT uses the same drawings but reorders their
presentation and switches position of the tar-
get stimuli.®” Participants were then adminis-
tered a series of VE visuospatial scenarios that
will be described in the next session. After the
VE tasks, subjects were given an equivalent
form of the MRT and a post-VE exposure ad-
ministration of the Simulator Sickness Ques-
tionnaire. Participants were monitored for any
observable signs of discomfort throughout the
testing and were encouraged to discontinue
participation at any time if ill effects were ex-
perienced. Transportation to and from the ex-
perimental setting was provided to partici-
pants as a precaution against impaired driving
ability due to possible perceptual aftereffects.

Visuospatial virtual environment tasks

The VE components of this study were con-
ducted in a darkened room with each partici-
pant seated in front of the ImmersaDesk at a
standardized position relative to the screen.
The distance from the participant to the mid-
point of the screen was 4.0 feet. An adjustable
chair was positioned for consistent height of
viewing using a standard length of cord going
from the ceiling to the top of the participant’s
head. Each participant was instructed to put on
a set of Crystal Eyes stereo glasses, which can
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be worn over corrective lenses. The procedure
began with an on-screen test to make certain
that the glasses were working in stereo. Partic-
ipants were instructed on how to utilize the
standard ImmersaDesk response wand and
then were requested to look at the screen and
were asked, “Do you see a block hovering over
the wand?” If the glasses were not functioning
properly, the participant would see double im-
ages of the stimuli. The glasses could be reset
at that time or at any time during the exami-
nation. Participants were then administered the
visuospatial tasks in the VE as described be-
low.

A suite of eight VE-delivered visuospatial
tasks was administered to each participant.
These tasks included the following: (a) a bi-
manual visual field-specific reaction time task,
(b) a series of interactive depth perception tasks
(with three levels of diminishing cues), (c) a 3D
field dependency task (virtual rod and frame
test), (d) static and dynamic manual 3D target
tracking tasks, and (e) a spatial rotation task.

Visual field-specific reaction time task. The se-
ries of tasks begins with a visual-field specific
reaction time task. Participants were asked to
focus their gaze on an “X” presented at the cen-
ter of the screen and instructed to anticipate a
dot to flash either to the left or right of the X
and to press the response button with their
thumb as soon as they see the dot. They were
told that they will respond best by fixating on
the center X because they would not be able to
anticipate when or from which side the stimu-
lus will appear. Also, they were instructed to
keep their feet and hands uncrossed, to put
their responding hand on their laps, and to re-
spond as quickly as possible. Twenty blocks of
10 trials were administered (200 trials) with
participants instructed to switch between their
left and right hands for alternate blocks of tri-
als. At the beginning of each block of trials, par-
ticipants were reminded to focus on the X in
the center of the screen. A “water drop” sound
was utilized to alert participants to the begin-
ning of a series of 10 trials. The stimuli appear
at 6 degrees to the left or right of the midpoint
at a width of 0.5 degrees. Random intervals are
timed from 0.5 to 2.0 seconds, and intervals
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were counterbalanced. The flash duration was
at least 0.05 seconds, and if a person missed the
flash, the timeout period was 2 seconds after
the flash occurs.

Depth perception tasks. The next series of vi-
suospatial tasks consisted of three depth per-
ception scenarios. The first scenario required
subjects to match two cubes (identical object
depth alignment). Participants were instructed
to familiarize themselves to the task by mov-
ing the wand forwards and backwards in rela-
tion to the screen and to notice that this action
moves one of the cubes toward or away from
them. A static target cube was positioned at
varying distances from the subject. The fol-
lowing instructions were given: “The task is to
move the cube that you are controlling until it
matches the position of the static target cube.
When you are satisfied that the cubes are the
same distance from you, click the response but-
ton of the wand. Respond as accurately as you
can. At the tone, the task will begin and, when
you respond, a chime will sound and you will
continue with the next trial of the matching task
with the static target cube moving to a new po-
sition. Are you ready?”

The second depth perception task involved
a static cube and a larger-sized movable ball
(dissimilar object depth alignment). Partici-
pants were instructed as follows: “When you
are satisfied that the cube and the ball are the
same distance from you, click the response but-
ton of the wand. At the tone, the task will be-
gin and when you respond, a chime will sound
and you will continue with the next trial of the
matching task with the static target cube mov-
ing to a new target position. Are you ready?”

The final depth perception task involved two
vertical lines (vertical line depth alignment).
The participant was instructed to move the line
on the right side of the screen by moving the
wand back and forth. When the participant
judged the two lines to be at the same distance
(matched), he/she pushed the response button.
After each response, a chime sounded and a
new line appeared. Five trials of each depth
perception task were administered.

3D field dependency task. To assess field de-
pendency, a “3D virtual rod and frame test”
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was developed. A yellow frame seemingly
afloat in space appears on the screen along with
a white rod that can be controlled by the par-
ticipant. On each trial, the yellow frame was
positioned in a slightly different spot from the
one previous, and the white bar appeared at a
different location. Each participant was ori-
ented to the task and instructed to respond by
pressing the button on the wand when he/she
believed that the white bar was perpendicular
or vertical to the floor. Five trials were pre-
sented with this task.

Manual 3D tracking tasks (static & dynamic).
During the static 3D manual tracking task, two
balls (a blue one on the left and a red one on
the right) appeared on the projection screen
with a white line running horizontally be-
tween them. Participants were instructed to
position the “wand-controlled” cross hairs in
the center of the blue ball on the left. They are
then instructed to move the ball along the
white line using the cross hairs to “push” it,
and were told that in order to make the ball
move, the cross hairs must be in the center of
the ball with the intersection of the cross hairs
closest to the white line. The task involves
moving the blue ball to the end of the line
where the red ball was, and then back to the
original position. If the participant was un-
successful, the system was programmed to
“time out” or reset the task after 60 seconds,
and another trial began.

The dynamic 3D manual tracking task re-
quired the subject to keep a moving figure
(“Tinkerbell”) inside a blue 3D bubble (or orb)
that they controlled with the wand. During the
first task group, the figure’s movement was rel-
atively fluid and stereotypic, consisting of one
trial each of x, y, and z rotations (circular paths),
including three 1-second pauses between trials.
The second task group consisted of 4 paths of
different speeds and lengths, with variable
pauses, only if the participant was off target.
During this portion of the task, the figure’s ac-
tions became increasingly erratic, increased in
speed, and the level of difficulty increased for
successful tracking. The entire dynamic 3D
manual tracking task took approximately 85
seconds to complete.
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Spatial Rotation Task. The final VE visuospa-
tial assessment tool was the spatial rotation
task (referred to previously as the “VRSR”).
This portion of the assessment and training sys-
tem was designed to present a stimulus that
consisted of 3D block configurations similar to
the standard Shepard stimuli.®” The stimuli ap-
peared as “hologram-like,” three-dimensional
objects floating above the projection screen. Af-
ter presentation of the target stimuli, the par-
ticipant was presented with the same configu-
ration of blocks (control object) to be rotated to
the orientation of the target and then superim-
posed within it. Participants manipulated the
control object by grasping and moving a rac-
quetball, within which a tracking device was
embedded. Upon successful superimposition
of the control and target objects, a “correct”
feedback tone was presented and the next trial
began. After 5 non-rotational practice trials,
each participant’s VE spatial rotation baseline
performance was assessed over 20 trials using
a virtual version of the items from the pencil
and paper MRT. Next, 50 training trials of in-
creasing stimulus complexity were adminis-
tered. Finally, the original 20 VE spatial rota-
tion trials were readministered to measure
“within-VE task” performance changes in spa-
tial rotation ability. For the practice trials, sub-
jects were oriented and instructed as follows:
“This task involves manipulating objects. No-
tice when you rotate the ball, the object rotates.
When you move it, the object also moves on
the screen. A target object will appear on the
screen. Your goal is to superimpose the control
object onto the target object. When that is com-
plete, a new target object will appear and you
should do the same as in the previous trial.”
More details on the rational and procedure for
the spatial rotation task can be found in a pre-
vious paper.®®

Research Questions

1. As previously discussed, the possibility of
side effects is an important ethical issue to
consider when utilizing any new technology
with potentially “at risk” populations. One
of our initial concerns was the extent to
which VE-related side effects would occur
when older adults utilized the VE system
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and to what extent an age-specific profile of
side effects would emerge. Our other pri-
mary concern was to determine whether the
occurrence of side effects was low enough
to justify future VE trials aimed at testing
persons with dementia, traumatic brain in-
jury, and individuals with other neurologi-
cal impairments.

2. Establishing the statistical reliability and va-
lidity of any new assessment tool is vital to
its usability. We sought to determine the re-
lationship between various tasks on the VE
system and performance on standard neu-
ropsychological tests in the domains of at-
tention, executive functioning, memory, lan-
guage, and visuospatial processes.

3. Presence, or an individual’s sense of being
somewhere other than where they are phys-
ically, may be related to task performance in
VE systems. We are aiming to further study
this issue in the current project with healthy
older adults in our visuospatial system.

4. The value of most assessment and/or reha-
bilitation tools exists to the degree in which
measurable performance status or changes
are transferable, or generalizable, to real
world activities. We plan to investigate gen-
eralizability in older adults on the VE spa-
tial rotation task by examining pre and post
measures of the pencil and paper MRT. It is
hypothesized that performance will im-
prove after practice using the virtual spatial
rotation task.

5. Age and gender differences in cognitive per-
formance have been reported throughout
the literature. We plan to examine the im-
pact of these variables on performance re-
sults on the suite of visuospatial tasks pre-
sented in the VE system.

DISCUSSION

This study represents an initial attempt to
address the feasibility of utilizing VE technol-
ogy to assess normal older adult participants
(age 65+). Although we are in the data analy-
sis phase of this project, one initial observation
can be made: older adult participants experi-
enced minimal side effects and reported favor-
able responses to the current system. There
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were no increases in self-reported negative
symptoms pre- to post-exposure for subjects in
the VE that was based on SSQ data. These en-
couraging results provide an incentive for fu-
ture trials with older persons who have neuro-
logical disorders such as Alzheimer’s disease,
Parkinson’s disease, stroke-related illness, and
TBI.

Our long-range goal is to develop a compre-
hensive VE visuospatial assessment and reha-
bilitation system delivered on a large-screen
desktop system, using Crystal Eyes shutter
glasses. A comparative test may be run to de-
termine if these scenarios can be successfully
delivered on a less expensive and more acces-
sible platform. The aim of this being toward the
packaging of a suite of VE-delivered 3D testing
and training tools that could target the NA /CR
of visuospatial processes for use by researchers
and clinicians. Correspondence and questions
regarding the ongoing status of our work and
updates on current statistical analyses are wel-
come at arizzo@usc.edu.
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