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Abstract. The mgjor aim of the present study is to emphasize the potential

offered by Virtual Redlity (VR) to develop new tools for research in
experimental psychology. Despite several works have addressed cognitive,
clinical and methodological issues concerning the application of this technology
in psychological and neuro-psychological assessment and rehabilitation, thereis
a lack of discussion focusing on the role played by Virtual Reality and 3D
computer graphics in experimental behaviour research. This chapter provides an
introduction to the basic concepts and the historical background of experimental
psychology along with a rationale for the application of Virtual Reality in this
scientific discipline. In particular, the historical framework aims at emphasizing
that the application of VR in experimental psychology represents the leading
edge of the revolution that informatics has operated into the traditional
psychology laboratory. We point out that the use of VR and Virtua
Environments (VES) as research tool might discover new methodological
horizons for experimental psychology and that it has the potential to raise

important questions concerning the nature of many psychological phenomena. In
order to put the discussion on a concrete basis, we review the relevant literature
regarding the application of VR to the main areas of psychological research,

such as perception, memory, problem solving, mental imagery and attention.
Finally, fundamental issues having important implications for the feasibility of a
VR approach applied to psychological research are discussed.
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9.1 Introduction
9.1.1 The history of scientific psychology and of its experimental instruments

The emergence of scientific psychology in the period 1855-1914 condtituted an important
advance in the higory of human underdanding. For centuries issues such as the
characterigics of human and animd mind, the reationship between mind and body, the
reaive roles of cognition, and the naure of mentad heding were the subject of
philosophical  speculation and debate. The adoption of the experimenta method by
psychologica research can be conddered as the point of trandtion of the psychologica
investigation, which moved from a speculative gpproach of the great philosophers to the
empirical gpproach of the modern scientific method. The method of this new science was
to be experimenta. As Wundt [1] phrased it, “Psychologicd introgpection goes hand in
hand with the methods of experimentd physiology, and the gpplication of the latter to the
former has given rise to the psychophysicad methods as a separate branch of experimenta
research. If one wishes to place mgor emphasis on methodologicad characterigtics, our
stience might be cdled experimental psychology in diginction from the usud science of
mind based purely on introspection”.

Physology made an important contribution to the emergence of scientific psychology
through its devdopment of experimental gpparatus. In order to study physologica
processes with the care and precison required for the generation of reliable findings,
experimental  physiologists developed a wide aray of indrumentation. The function of
these instruments was to control varidaion in dimulus presentation or to regider and
measure response. Among the indruments designed for the control of variation in simulus
presentation, for example, were the color mixer (for varying wavelength compostion
and/or brightness of a visud dimulus), the aethesometer (for varying tactile stimuli), the
accoumeter (for varying amplitude of sound), and the tonometer (for varying frequency of
sound). Apparatus designed to register and measure response included the kymograph
(which dlowed andogue registration of a continuous response), the cardiograph (for heart
rate), the plethysmograph (for pulse), the ergograph (for effort expended and fatigue), and
the chronoscope [2].

At the end of the 19th century, as psychologists began to set up laboratories for
experimenta research, it was naturd for them to look to physiology for basic gpparaus,
and items of the sort liged above became Standard fixtures in these laboratories. In
addition, psychologists began to develop specidized apparatus of their own. Often these
instruments were designed for research on higher or more complex menta processes.

Examples might incude Georg Elias Mylle's memory apparatus, Feix Krueger's
larynx sound recorder, Karl Marbes apparatus for the meody of speech, and Emil
Kragpelin's writing apparatus.

The informatics revolution of the second half of the 20" century increased the diffusion
of the use of the computer in psychology research. Although initidly experimenta
psychologists used the computer manly for gathering and processng experimenta data,
later it became an important support of al phases of the experimental procedure, from task
presentation to on-line storage and recording of subject’ s responses.
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Figure 9.1 Early psychology instruments: & Hipp chronoscope; b) Aesthesiometric
Compasses; ¢) Vertical Kymograph; d) Tonometer (courtesy of the University of Toronto
Brass Instrument Collection).

Legrenzi [3] indicated four man factors by which the beginning of the informeatics era
might have characterized the revolution of the traditiona psychology laboratory:

1. Dehumanisation. One of the most important methodologica innovations introduced by
Wundt was the divison of roles between the observer and the subject. The subject,
according to Wundt, was merely the source of the data while the observer was charged
with manipulating the simuli and measuring/interpreting subject’'s responses. In this
way, the result of the investigation became the product of a socid interaction following
a sysem of rules defined by a scientific procedure. The introduction of the computer
restricted even more the role of the subjects by condraining them to give their
response in very bound tasks.

2. Smulation. The posshbility of smulaing the investigaed phenomena by usng the
computers offered a new tool for experimenta research. The use of the computer-
amulation of natura phenomena assumed a fundamenta role not only in psychology,
but dso in severd other scientific disciplines, like physics, chemidry, biology and
meteorol ogy.
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3. Creation of artificial phenomena. The development of new methods for the cregtion of
atificid phenomena offered the researchers the opportunity of using atificid systems
(i.e. neurd networks) to emulae the response of a human being. This determined a
radica transformation of the concept of “divison of roles’ as was intended by Wundit,
snce the subject was beginning to be replaced by atificid sysems. However, this
replacement was - and currently is - limited to a redricted range of phenomena,
because due to their complexity most part of psychologicd effects cannot be smulated
or re-created by usng atificid systems.

As Legrenzi points out, the emergence and growth of information technology transformed
the traditiond psychologicd laboratory. The laboratory was not any longer understood as
an environment where the subject’'s response could be observed under controlled
conditions, but as an environment where a set of naturd phenomena, classfied as
“cognitive events’, could be created and/or smulated. Moreover, the development of new
computer software and hardware for the controlled presentation of stimuli and the accurate
recording and measurement of reactions strengthened the belief that experimentation could
yied progress in the description and explanaion of psychologicd phemomena Findly, it
should be emphaszed that the impact of the computer on psychology was not only
circumscribed to the laboratory research. In fact the adoption of the computer as a
metaphoric/symbolic modd of the human mind [4] determined the beginning of a new
scientific movement, the cognitive science, which represents the leading theoreticd mode
of present experimenta psychology.

9.1.2 Abrief historical outline of Virtual Reality technology

The technology of Virtud Redity is not as recent as one might suppose. The firg VR
sysem appeared early in the 1962, as Morton Heilig presented a first prototype of multi-
sensorid gmulator caled Sensorama. The prototype was a smulator of a red experience
(a motorcycle ride through New York) complete with fan-generated wind, the smells and
the noise of the metropolis. The Sensorama had dl man fedures of a modern Virtud
Redity sysem with one exception: there was no posshility of interaction by the user,
because the route was fixed and pre-recorded. Few years later lvan Sutherland, one of the
pioneers of computer graphics (Sutherland's firt computer-aided design program, caled
SKetchpad, opened the way for desgners to use computers to creste blueprints of
automobiles, cities, and industrid products), described and realized the first head-mounted
display, a visud device which can disolay an image in front of the user's eyes, no matter
where the user may be looking. Key innovative festures of Sutherland's HMD were the
implementation of dereoscopic vison, the fact that the visud images were computer-
generated (and not produced by a video cam) and the adaptation of the user’s view
according to the head’'s movements (visua feedback) [5]. He wrote aso about force-
feedback-devices.

The introduction of flight smulators was one of the most important precursors to
Virtud Redity. By the 1970s, computer-generated graphics replaced videos and models
that had been used since the Second World War. Fight smulations were operating in red
time, though the grgphics was primitive. In 1979, the military darted to experiment fight
amulaion systems that used head-mounted displays. These innovations were driven by the
greater dangers associated with training on and flying the jet fighters that were being built
in the 1970s. In the mid-1980's, a limited three-dimensond virtud workspace in which
the usx inteactivdy manipulated three-dimensona  grgphicadl  objects  gpatidly
corresponding to hand position was developed. In 1984, NASA darted the VIVED project
(Virtud Visud Environment Display) and later the VIEW proect (Virtud Interactive
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Environment Workgtation). The god of both projects was to develop a multipurpose,
multimode operator interface to faclitate naturd interaction with complex operationd
tasks and to augment operator awareness of large-scale autonomous integrated systems [6].
Virtud Redity was introduced to the generd public firg in 1989, a two trade shows
organized by two companies (AutoDesk and VPL Research) involved with NASA projects.

The term “Virtud Redity” was originated at that time by J Lanier, defining it as “a
computer generated, interactive, three-dimensgond environment in which a person is
immersed”. Through the 1990s, faster computers provided the key to interactivity;
stientists developed advanced visudization software programs and many research centres
dated a working on VR applications in education, medicing, industry, military training
and entertanment. At present, the number of human activities that benefit of VR
technology is congantly increesing and further podtive expectations are made thanks to
the growing diffuson of wirdess devices and wearable computing, which represent the
new frontier of the research concerning VR interfaces.

9.2 Theapplication of VR technology in Experimental Psychology: therationale

While many Virtud Redity gpplications have emerged in severd human activities only
recently Virtua Redity technology has been recognized as a useful medium for the sudy,
assessment, and rehabilitation of cognitive processes and functiond  skills [7]. The
opportunity offered by Virtua Redity technology to creste interactive three-dimensond
dimulus environments, within which al behaviourd respondings can be recorded, offers
experimenta psychologists options that are not available using traditional techniques.

The man benefits offered by the application of VR technology to experimenta
psychology can be summarized as follows:

1. Ecological validity. A clear advantage of a Virtud Redity sysem is the capacity to
record and measure naturdigtic behaviour within a smulated functiond scenario. This
asxt offers the potentiad to collect rdiable data which might be otherwise logt to
methods employing behaviourd retings from traned observers of behaviour in “red”
world settings [8]. Virtud Redity dlows researchers to carry out dynamic testing and
traning in an ecologicdly vdid or “red-world” manner, while gill mantaning drict
control over al aspects of the experimentd Stuation.

2. Flexibility. Virtud environments are highly flexible and programmable. They endble
researchers to present a wide variety of controlled stimuli and to measure and monitor a
wide variety of responses made by the subject [9]. Furthermore, both the synthetic
environment itsdf and the manner in which this environment is modified by the user's
responses can be tailored to the needs of each experimental setting.

3. Sensorial Feedback. Our sense of physcd redity is a congruction derived from the
symbolic, geometric, and dynamic information directly presented to our senses. The
output channds of a Virtud Redity gpplication, thus, should correspond to our senses
vison, touch and force perception, hearing, smdl, and taste. At the present time a good
choice of commercid products exists for visud, tracking and user input interfaces.
Auditory and haptic interface technologies are becoming ready for use in practica
goplications, while olfactory interface is the leest mature of dl the feedback
technologies. Despite of the immaturity of some of these input devices, the ones
available a present can represent a powerful tool for behavioura research, in particular
for dudies requiring the amulation of complex sensorid effects otherwise difficult — if
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not impossible - to reproduce with traditiona methods (i.e, the trandation of one sense
into different senses).

4. Performance Recording. VR and related technologies alow the complete performance
recording. This can avoid the loss of important experimenta data, which is a common
drawback, for example, of traditiona pen-pencil based observationa methods.

The next section will present a summary of the VE literature targeting cognitive/functiona
processes in experimenta psychology.

9.3 Empirical work in behaviour research involving Virtual Reality technology

Having st out the rationde for the application of Virtud Redity in experimenta
psychology, we will now try to make these ideas more concrete. Rather than attempt to a
globd review, we shdl concentrate on a smal number of influentid Sudies to draw out
some generd issues pertinent to our am of assessing the pros and cons of this new tool for
behaviour research.

9.3.1 Perception

The study of sensation and perception involves not only the anatomy and physology of the
sensory system, but dso behavioura measures. Psychophysical data obtained from tasks in
which obsarvers are asked to detect, discriminate, rate or recognize stimuli provide
information about how the properties of the sensory system relate to what is perceived.

Behaviourd measures dso provide consderable information about the function of
higher-levd brain processes for which current knowledge of the physologicd bases is
rudimentary. The sensory information must be interpreted by these higher-level processes,
which include menta representations, decison-meking, and inference. Thus, perceptud
experiments provide evidence about how the sensory input is organized into a coherent
percept. Methods for investigating sensation and perception include anatomical-
physiological methods and psychophysical methods. The former are represented by a wide
vaiety of specific techniques for andysing and mapping out the pathways associated with
sensation and  perception and include both neuropsychological and  psychophysiologica
techniques, which are used to investigate issues concerning information processing.

Psychophysca methods am a obtaning some edimate of sengtivity to detect ether
the presence of some dimulation or differences between simuli. In this framework, VR
should be interpreted as a useful tool, which can support and improve both anatomica-
physiologicad and psychophyscd methods. Taken for granted that the smulation of redity
in its infinite complexity is far beyond the possbility of present Virtud Redity sysems,
the magjor advantage offered by the use of VR in perception research is represented by the
posshility of invedigaing the perceptud mechanisms usng pecific virtud — simui
tallored to the needs of each experimentd task.

It is interesting to point out that Virtua Redity technology was developed by
implementing many perceptud laws discovered by experimentd psychologists during the
last century. To some extent, one might say that 3D computer graphics has recapitulated
the development of psychologicd knowledge in this area. Now experimenta psychology
has the opportunity to use this technology to reach a deeper understanding of some
perceptud phenomena, which otherwise might not be investigated a dl. This not only
demondrates that findings in one scientific discipline are often easly applied to others, but
a0 that the rdationship between the questions scientists ask and the gpparatus that they
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have avalable for research is bi-directiond. Theoretically derived questions may motivate
the search for adequate apparatus;, and apparatus, once developed, not only permits but in
some cases dso drives the search for additional questions. Actudly, beyond the scientific
questions raised by the posshilities offered by VR technology regarding known perceptua
and cognitive phenomena, the experience of beng immersed in a synthetic environment
itsedf might represent a new theoreticd congruct (the sense of presence) that is worth
being investigated.

The range of perceptud phenomena investigated using Virtud Redity is quite
heterogeneous, demondtrating that VR has the potentid to be gpplied to severd fidds of
perceptua research. Therefore, the best approach for a review would be to classfy the
sudies according to the perceptua processes targeted by VR applications. The review is
not meant to be complete, rather to illustrate examples of relevant studies where the added
vdue of VR technology to traditiond anatomicd-physologicd and psychophysica
methods can be emphasized.

9.3.1.1 Visual perception
Seeing is the process of decoding the image information conveyed by petterns of light. 3D
computer graphics smulates the process of encrypting scene informationinto the image.

By presenting subjects with computer-generated 3D simuli, we can gain powerful
indghts into the condraints used by the visud sysem to decode image information and
asxss the roles of specific visud cues in determining the visud percept. Conversdy,
knowledge of the minima conditions for the perception of visud environmenta properties
can be used in the desgn of more effective optica displays. This bi-directiond reationship
between perception research and advance in VR technology is wel represented, for
indance, by sudies which examined the effectiveness of using perceptud criteria to sdect
the amount of detail that is displayed in an immersve Virtud Redity (VR) sysem. Basd
upon this determination, Reddy et d. [10] developed a principled, perceptudly oriented
framework to automatically sdlect the appropriate level of detail (LOD) for each object in a
virtud scene, taking into condderaion the limitations of the human visud sysem. They
goplied knowledge and theories from the doman of visud perception to the fidd of VR
thus optimisng the visud information presented to the user based upon solid metrics of
human vison. The rationale of this gpproach was that, if one could describe one object in
terms of its gpatia frequencies, this would endble to sdect the lowest LOD avalable
without the user being able to percaive any visud change.

Ancther example of the bi-directiond reationship between perception research and
advance in VR technology is represented by research on distance perception. Perceived
disance judgments have been previoudy sudied in both naturdigsic and laboratory
stings. The initid investigations of distance edimation in VES have been caried out to
determine how accurately people perform disance estimation tasks under tightly controlled
conditions and to assess how sdlected distance cues influence their estimates. By assessing
the contribution of the various distance cues to distance perception, researcher can not only
gan indghts to the processes underlying spatid perception, but they can dso investigate
factors that may have potentid to improve the visud fiddity of a VE [11]. Surdick et 4.
[12] compared the effectiveness and accuracy of multiple depth cues across viewing
distances to examine which cues should be implemented in a visud display in order to
minimize cogts while maximizing the effectiveness of depth information. For example, the
binocular displays required for stereopss (a depth cue based on simulation of disparate
locations on the retinag) are more costly and complex than biocular displays. If Stereopss
provides effective and accurate depth information for task performance (eg., in performing
surgery), then perhaps it should be included in the display. However, if other cues (eg.
perspective depth cues) are just as effective and accurate but less costly, then perhaps these
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perspective depth cues should be incorporated into the display instead. Results of this study
showed that the use of pergpective cues in smulated displays may be more important than
other depth cues tested because these cues are the most effective and accurate, can be

eadly percaived by dl subjects, and can be readily incorporated into smpler displays (eg.,
biocular HMDs).

Figure 9.2 An experiment on visual perception performed in a full-immersive Virtual Redity system
(courtesy of Fraunhofer 1AO, Suttgart, Germany).

In another study, Gaggioli and Breining [13] investigated how gereo vison and different
monocular coding techniques (Wireframe, Hat-Shading and Gouraud Shading) affect the
ability to estimate the depth of a 3D computer-generated object displayed on the front wall
of a four-wals CAVE (a projection-based VR system that surrounds the viewer with 4
screens) capable of both stereoscopic and monoscopic modes. Results showed a significant
podtive effect of binocular disparity on perceptua performance, but when concave 3D-
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shapes were used as stimuli. Furthermore, perceptua estimates were found more accurate
and easer when the 3D object’s surface was rendered with less redistic monocular coding
techniques, like Wireframe and Fat- Shading.

Servos et a. [14] assessed stereo-motion thresholds with  high-resolution  computer
monitor. Stereo-motion thresholds for a rectangle oscillating in depth were determined
with the use of a dud randomly interleaved Saircase design. By assessng the thresholds
for a rectangle that was defined ether by latera motion or by changing size in a group of
experienced observers, the authors were able to show tha any potentid resdud
trandationa motion present in the display would not have influenced the Stereo-motion
thresholds. These findings suggest that this computer-graphics-based technique may be a
reasonable aternative to optics-based methods of ng stereo-motion thresholds.

Haris et d. [15] used a VR display to assess the role of visud and vestibular cues in
determining the percelved distance of passive, linear sdlf-motion. Subjects were given cues
to congtant-acceleration motion: either optic flow presented in a Virtud Redity display,
physcd motion in the dark or combinations of visud and physcd motions. Subjects
indicated when they perceived they had traversed a distance that had been previoudy given
them dather visudly or physcaly. Results showed a dominance of the physica cues in
determining the percelved distance of self-motion in terms of capture by non-visud cues.

The authors related these findings to emerging dudies showing the importance of
vestibular input to neural mechanisms that process sdf motion.

Didler et d. [16] invedtigated the effect of veocity congtancy in a Virtud Redity
environment. In this dudy the authors used a virtud environment (VE) to investigate how
cues to speed judgments are integrated. The results of this research suggest that both low-
levd cues to spatio-tempora structure and depth, and high-level cues, such as object
familiarity, are integrated by the brain during velocity estimation in real-world viewing.

Shikata et d. [17] used a 3D computer graphics display to identify a group of neurones
in the poderior parietal cortex of the monkey that responded preferentidly to a flat
dimulus in a paticular 3D orientation. By usng this methodology the authors were able to
provide evidence that SOS neurones extract surface orientation signads from the binocular
disparity dgnads and play an important role in the perception of 3D shape and the visud
guidance of hand movement.

9.3.1.2 Visuospatial navigation

Research on human spatid cognition ams at investigating the cognitive mechaniams  that
are triggered in environmental perception and in the representation of gspatid information
in the environment. The methodology used in this research is usudly based on ddic
measures of spatid behaviour, ether in red settings or in laboratory smulations (such as
film or dide projections). The limits of this approach are that it is difficult to control dl
environmenta parameters in red settings and, on the other side, laboratory smulaions are
often unredidtic [18]. Virtud Redity has the potentid to override such problems. In fact, it
dlows to maeke continuous measurements during navigation and to desgn three
dimendond environments of varying complexity and redism leves Moreover, red-time
interactivity (and head-tracking) in three-dimensona spaces can give the feding of actud
immersion.

Fndly, the use of virtud environments can be combined with functiond brain imaging
techniques, which are usgful to identify the neurd bass of navigation [19]. For example,
Gron G. e d. used functiond MRI (Magnetic Resonance Imaging) to observe brain
activation in mae and femde subjects as they searched for the way out of a complex,
three-dimensond, virtud-redity maze [20]. Results of MRI showed that navigation
activated the media occipita gyro, latera and medid parieta regions, posterior cingulated
and parahippocampa gyri as well as the right hippocampus proper. Gender-specific group
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andyss reveded didinct activation of the left hippocampus in maes, wheress femaes
conggently recruited right parietd and right prefrontal cortex. According to the authors,
these findings demondrate a neura substrate of well-established human gender differences
in gpatia-cognition performance.

Sandstrom et a. [21] used a computer-generated virtud environment to study sex
differences in human spatid navigation. Adult made and femde paticipants navigated
through a virtud water maze where both landmarks and room geometry were available as
diga cues Manipulation of environmentd characteriics reveded that femades rey
predominantly on landmark information, while maes more readily use both landmark and
geometric information. The authors discussed these results as a possble link  between
recent human research reporting hippocampus activation in spatid tasks and anima work
showing sex differences in both spatid ability and hippocampus devel opment.

A fundamentd property of the human brain is the ability to make predictions of future
sensory and motor events. Grasso et d. [22] smulated navigation dong a multi-legged
virtud corridor in order to understand whether a time-related or space-rdated sgnd
triggers anticipatory head orienting movements. Results showed that anticipatory orienting
movements are triggered (in standing subjects) by reaching specific locations rather than
by the time to the gpproaching corridor's bend. Smilar to what happens in car driving,
specific spatid features of the route rather than time to collison seem to drive steering.

9.3.1.3 Sensorimotor transformation

Carozzo et d. [23] investigated viewer-centred and body-centred frames of reference in
direct visuomotor tranformations. A Virtud Redity sysem was used to present visud
targets in different three-dimensond (3D) locations in two different tasks, one with visud
feedback of the hand and arm postion (Seen Hand) and the other without such feedback
(Unseen Hand). The findings from these and previous experiments support the hypothesis
of a two-gage process, with a gradud transformation from viewer-centred to body-centred
and arm-centred coordinates. Retind, extraretind and armrelated signals appear to be
progressvely combined in superior and inferior parieta aress, giving rise to egocentric
representations of the end-point pogtion of reaching.

In a research published in Nature Neuroscience, Rushton and Wann [24] used a Virtud
Redlity task to verify a computationd modd for timing hand closure to catch a bdl. The
modd is sendtive to the rdative effectiveness of sze and disparity and implicitly switches
its response to the cue that specifies the earliest arrival and away from a cue that is lost or
below threshold. The authors demondtrate the modd's robustness by predicting the
response of participants to some very unusud ball trgectories.

Blakemore e d. [25] have examined the role of sensorimotor context estimation in
predicting the consequences of our own actions. They postulated that an efference copy of
the descending motor command, in conjunction with an internd modd of both the motor
system and environment, enables us to predict the consequences of our own actions. In
order to test this hypothess, the authors used two robots to smulate virtual objects held in
one hand and acted on by the other. Precise predictive grip force modulation of the
resraining hand was highly dependent on the sensory feedback to the hand producing the
load. The results show that predictive modulation requires not only that the movement is
«df-generated, but dso that the efference copy and sensory feedback are consstent with a
Specific context; in this case, the manipulation of a sngle object.

VR has been dso successfully applied to the sudy of the regulaion of human
locomotion. Buekers et a. [26] invedigated how human locomotion is regulated under
externaly paced temporad condraints. In this sudy, a virtud halway in which a par of
doors was presented that continuoudy opened and closed a a rate of 1 Hz was projected on
a screen placed in front of a treadmill. Subjects were attached to a locometer and instructed
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to regulate walking pace such that the doors were passed correctly. Performance outcome,
movement kinematics (stride duration, dride length and synchronization of stride and door
cycles) and flow patterns (change in visud angle of door agperture) were used to examine
the data The findings of this sudy showed that regulations of locomotion under externdly
paced tempord congraints are postponed until the fna stage of the approach during which
adaptations are made according to the requirements of the current Situation.

9.3.1.4 Haptic perception

Haptic displays are devices for presenting tactile and force sensations. These displays are
being developed in ®verd laboratories, but are not yet widdy used esewhere. Most of the
haptic displays available are dectro-mechanica devices that deliver force feedback to the
hand or arm within limited ranges of movements. For both these reasons, few researches
used VR to investigate haptic perception.

Usng a visuo-hagptic Virtud Redity environment, Atkins e d. [27] tested the
hypothes's that observers can use haptic percepts as a standard againgt which the relative
reliabilities of visud cues can be judged, and that these rdidbilities determine how
obsarvers combine depth information provided by these cues. The results suggest that
observers can involuntarily compare visud and haptic percepts in order to evduate the
relaive rdiabilities of visud cues and that these rdiabilities determine how cues are
combined during three-dimensond visua perception.

0.3.2 Attention

Traditiona methods for the study of atention usualy include pencil and paper techniques,
motor reaction time tasks in response to various 9gnding simuli and flat-screen computer
programs. As Rizzo [28] suggests, within a VR setting a person could be systematicaly
tested and trained on attentionad tasks that incorporate settings and response requirements
that could smulate red-world functiond environments beyond what currently exigs.

Virtud Redity, in paticular, is wdl suited to invedigate selective attention (the ability
to mantan behaviourd or cognitive st in the face of didracting or competing simuli)
gnce this cognitive ability is best dudied under conditions dmilar to the three
dimensiond, red-world action in which humans typicaly engage.

Maingdli & d. [29] investigated the shift of visuo-patid atention in a virtud three-
dimensond space. A Virtud Redity st-up was used to study dtentiond orienting within
a three-dimensond visud world. Near and far stimuli were used. Hdf of the subjects were
provided with a virtua representation of their body, whereas haf were not. Results showed
a different didribution of attentional resources in the two conditions suggesting a
disociation between atentiond sysems contralling the proxima and the disgd visud
space. In particular, the authors found that attention was focused close to the subject's body
when a virtua representation of it was present, whereas attention was focused away from
the body when avirtud representation of the body was not present.

Lyons J. et d. [30] performed three experiments to assess the predictions of an action
centred moded of sdective attention. Participants were required to direct action to intended
targets located within a computer-generated virtua environment. Using this methodology,
the authors found evidence that human sdective atention is predominant influenced by the
degree to which perception and action space are digned.

9.3.3 Memory

The main gpplications of Virtud Redity technology into the fidd of memory research are
concerned with topographicd memory and the representation of gspatiad knowledge.
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Environmental psychology modes propose that knowledge of large-scale space is stored as
diginct landmark (place appearance) and survey (place pogtion) information. Studies of
bran-damaged patients suffering from "topographicd disorientation” tentatively support
this proposd. In order to determine if the components of psychologicaly derived models
of environmenta representation are redized as didinct functiond, neuroanatomica
regions, Aguirre and Desposto [31] peformed a functiond magnetic resonance imaging
(fMRI) sudy of environmental knowledge. During scanning, subjects made judgments
regarding the gppearance and podtion of familiar locations within a Virtud Redity
environment. A direct comparison of the survey podtion and landmark appearance
conditions revedled a dorsd/ventrd dissociation in three of four subjects. According to the
authors, this experiment confirms that environmental knowledge is not represented by a
unitary system but isinstead functiondly distributed across the neocortex.

Virtua Redity was aso used to test cognitive modds of environmenta learning (for a
survey, see Wilson [32]). These modds ascribe a key role to sdient landmarks in
representing large-scale space. In order to further investigate this hypothess, Maguire et d.
[33] examined the neurd substrates of the topographicad memory acquisition process when
environmentd landmarks were  specificdly  identifidble. Usng  podtron  emisson
tomography (PET), they measured regiona cerebra blood flow changes while normd
ubjects explored and learned in a Virtud Redlity environment. One experiment involved
an environment containing saient objects and textures that could be used to discriminate
different rooms. Another experiment involved a plan empty environment in which rooms
were diginguishable only by their shape. Learning in both cases activated a network of
bilateral occipitd, medid parietd, and occipitotempora regions. The presence of sdient
objects and textures in an environment additionaly resuted in increased activity in the
right parahippocampa gyrus. This region was not activated during the exploration of the
empty environment. According to the authors these findings suggest that encoding of
sdient objects into a representation of large-scae space is a criticd factor in determining
parahippocampd involvement in topographical memory formation in humans.

In another experiment, Astur et d. [34] used a computerized verson of the Morris water
task to examine whether sex differences exig in this domain of topogrgphica learning and
memory. This task represents the standard for messuring place learning ability in non
human mammaian species and requires subjects to use the spatid arangement of cues
outsde of acircular pool to swim to a hidden god platform located in afixed location.

Across three separate experiments, vaying in  atempts to maximize Spatid
performance, the authors consgently found maes navigate to the hidden platform better
than femaes across a variety of measures. The authors emphasize that these results show a
robust sex difference in virtud place learning and demondrate the effectiveness and utility
of thevirtud Morriswater task for humans.

Gender differences in acquidtion of navigationd knowledge were found dso by
Cutmore et d. [35]. The authors performed five experiments to examine the influence of
gender, passvelactive navigetion, cognitive syle, hemispheric activation measured by
electroencephdography and digplay information on the acquistion roue and survey
knowledge usng a virtud environment. The results showed that maes acquired route
knowledge from landmarks faster than femdes and that proficiency in visud-patid
cognition is associated with better performance in Stuations where survey knowledge must
be used. Furthermore, EEG showed that the right cerebra hemisphere appears to be more
activated than the left during navigationd learning in a VE. According to the authors, these
results have a number of implications in the use of VEs for traning purposes and may
as3g in linking processes involved in navigation to a more generd framework of visud-
spatid processng and menta imagery.
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Richardson et a. [36] invedigated spatid knowledge acquistion from maps and from
navigetion in red and virtud environments. In this experiment, participants firs learned
the layout of a Iample desktop VE and then were tested in that environment. Then,
paticipants learned two floors of a complex building in one of three learning conditions:
from a map, from direct experience, or by traverang through a virtua rendition of the
building. The authors found that VE learners showed the poorest learning of the complex
environment overdl. However, dl the conditions showed smilar leves of performance in
learning the layout of landmarks on a sngle floor. Learning the initid smple VE was
highly predictive of leaning a red enwironment, suggeding that sSmilar  cognitive
mechanisms are involved in the two learning Stuations.

The specificity of spatid memory performance in a virtud environment was studied by
Brooks et d. [37]. Two experiments investigated differences between active and passve
paticipation in a computer-generated virtud environment in terms of spatid memory,
object memory, and object location memory. The authors found that active participants,
who controlled their movements in the virtud environment usng a joystick, recdled the
soatid layout of the virtud environment better than passve paticipants, who merdy
watched the active paticipants progress. Conversdy, there were nether sgnificant
differences between the active and passive paticipants recal and recognition of the virtud
objects, nor in their recal of the correct locations of objectsin the virtud environmert.

According to the authors these findings emphasze the specificity of memory
enhancement in virtud environments.

Gamberini [38] peformed two experiments to anadyse the effects of immersve and
nonimmersve (desktop) VR displays for a three-dimensonal environment on memory
peformance. The tasks condsted in: @ the recognition of the objects perceptua
Characteristics after exposure to the virtud environment and 2) the recollection of the
objects locations in the virtuad environment. Quite surprisngly, results showed that
subjects performed better in the nonimmersve (desktop) condition for both objects
recognition and objects location recollection memory tasks. The author éttributed the lack
of a pogtive effect of the immersve display to the inadequacy of the surfing-command
interface avaladle for the subjects in such condition, thus emphasizing the importance of
the usdbility issues concerned with the input insruments in navigaing in eectronic
environments.

9.3.4 Cognitive performance

As means of representing and interacting with information, Virtud Redity is a the
forefront of technologicd development. Despite clams that much can be gained from
interacting with virtua environments and grgphicd animation, however, researchers did
not conssently demondrate benefits for cognitive performance. For example, it is not yet
cler why particular graphical representations which change response to user interaction
shoud be more effective a facilitating problem solving than datic  graphicd
representations, or why three-dimensond representations are better than two-dimensond
ones. Scaife and Rogers [39] have developed an andytic framework from which these and
other questions regarding graphica representations might be explained. In this framework
three central characteristics are emphasized:

Computational offloading. This refers to the extent to which differentid externd

representations (referred both to linguistic and graphicd forms) reduce the amount of
cognitive effort required to solve informationaly equivaent problems.
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Re-Representation. This refers to how different external representations, that have the
same abdract dructure, make problem solving easer or more difficult. The authors
report as an example how Zhang and Norman [40] describe carrying out the same
multiplication task usng roman or Arabic numerds Both represent the same formd
sructure, but the former is much harder for people, used to working with the decima
system, to manipulate to reach the solution (eg. LXVII ~ X is much more difficult to
solvethan 68~ 10).

Graphical constraining. This find feature of the framework refers to the way grephica
elements in a graphica representation are able to condrain the kinds of inferences tha
can be made about the underlying represented world. The authors central idea about
this characteridic is that the rdations between gragphicd dements in a graphicd
representation are able to map onto the relations between the features of a problem
space in such a way that they redtrict (or enforce) the kinds of interpretations that can
be made. The closer the coupling between the dements in the visud display and the
represented world, the more tractable the inferencing. Scaife and Rogers point out that
computational  offloading and rerepresentation are  not  overlapping,  but
complementary. In fact, the former highlights the cognitive benefits of graphicd
representations while the latter relates to ther dructurd properties and graphical
congtraining to possible processng mechanisms.

By usng this framework, Scafe and Rogers identify some problems that could drive
further empirica research concerning human cognitive performance in Virtua Redlity.

Frd, the authors emphaesize that the vadue of Virtud Redity should not be assumed to
come about through a dructurd and spaia equivadence between the Virtud Redity
dmulation and the red world. In fact, prdiminay findings from dudies investigating
trander of traning in VR systems show that performance characteristics of a task learnt in
a VR context are of limited utility when carrying out the same task in the rea world. So,
indead of condgdering VR immerson in terms of the vadue gained from ataning higher
levels of perceptud fiddity with the red world, the authors consder more useful to
determine what aspects of the represented world need to be included in the virtud
environment, what aspects should be omitted and what additional information needs to be
represented that is not vigble in the red world but enhance task’s performance. From a
cognitive perspective, this gpproach enables researchers to assess the benefits of VR in
teems of the processng mechaniams tha operate a different levels of abdraction of
information.

Another way in which the value of VR can be characterized is in terms of “Steering” the
interaction, in that VR dmulations provide more opportunities to visudize and manipulate
the behaviour of abstract data Structures or processes which are not otherwise vishble (for
example, the smulaion of virtud smoke dream for fluid dynamics which engbles a
scientig to manipulate the fluid by using finger tips). The assumption here is that better
mentd modds of the abdtract processes will develop through making these kinds of
processes more concrete and that on-line problem solving will be fecilitated [41]. Scaife
and Rogers, however, emphasize that this gpproach of defining the vaue of VR does not
fully explan how expets who ae supposed to be highly familiar with abstract
representations and have to interact with them in their work, are able to transfer between
these forms of representation and the concretised visua representation of the same problem
space in the Virtud Redity amulation. For the authors, therefore, the vaue of beng able
to “seer” a physcd smulation should be andysed in rdation to how it integrates with
ways of interacting with other exiging forms of externad representations in professiond
practice.
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9.3.5 Mental imagery

Mentd imagery is the cognitive process that resembles perceptual experience, but which
occurs in the absence of the gppropriate stimuli for the relevant perception [42]. Mentd
imagery is centrdly involved in visuo-spatid reasoning and inventive or cregtive thought.
Indeed, it has usudly been regarded as crucid for all thought processes, dthough, during
the 20th century in particular, this has been cdled into question. Cognitive psychologists
have hypotheszed two man modes that describe how images are processed and
represented in human memory: these are known as the analogue modd and the
propositional model [43].

The andogue modd assarts that visud information is stored as images, which
correspond closdy with actud visud imeges as recaved by the retina This
correspondence is maintained during menta transformation as if the red object was itsdf
being transformed.

According to the propodtional model, images are stored as set of propostions, which
are memory representations sructured according to specified rules of formaion and must
be ether true or fase with regpect to the image To explore mentad images more
objectively, researchers give subjects tasks that seem to require the use of mentd images.

As a critical pat of the task is varied, some characteriics of mental images can be
deduced. Roger Shepard and his colleagues designed one of the mogt often used tasks. In
the origind task subjects were shown two noved visud stimuli projected on a tachistoscope
and were asked to determine whether the stimuli had the same shape or different shapes.

The shapes (random block shapes) were rotated ether in the plane or in depth. Subjects
reported that they mentdly rotated an image in ther head until the two simuli were
oriented the same way, and then made their judgment. When subjects were asked to make
their response as quickly as possible, the reaction time increased with the angle of rotation
between the shapes. This suggests that it takes time to mentaly rotate an image, and
implies tha mentad images ae much like red images (thus providing evidence for the
andogue model) [44]. With the advance of 3D computer graphics, it became possble to
adapt the mentd rotation paradigm to study the effect of severd shgpe and redism cues in
order to achieve abetter comprehension about how visua images are processed and stored
in human memory. Bafidd and Sdvendy [45 invedigaied the effects of object
complexity (three levels, dl shown as wireframe images with hidden edges) on mentd
rotation rates. Reaction times indicated that mental rotation rates were ggnificantly longer
for wireframe images than for standard Shepard-Metzler figures and that the reection time
functions were non-linear and related to image and task complexity. The authors used these
results to provide preiminary evidence for a third modd of mentd imagery, cdled the
hybrid mode for mentd rotation, which contains features of both the anadogue and
propodtionad podtions. In a laer sudy Bafidd, Sanford and Foley peformed one
experiment to invedigae the effect of computer-generated realism cues (hidden surfaces
removed, multiple light sources, surface shading) on the speed and accuracy with which
subjects performed the mental rotation task [46]. Results indicated that mean reaction
times were fagter for shaded images than for wire frame images (with hidden surfaces
removed) and evidenced sgnificant effect for object complexity. According to the authors,
these reaults are cons stent with the hybrid model described above.

Gdlimore [47] investigated differences in subjects ability to discriminate between the
shape of two 3d objects (a task smilar to the classc mentd rotation paradigm except that
subjects were provided with the ability to rotate one of the objects usng a two-dimensond
joystick) for various levels of monocular coding techniques and dereopss. Reaults
indicated that interposition enhanced performance and that stereopsis did not help subjects
in peforming the visudization task used in this experiment. Brown [48] used a modified
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verson of the dandard rotation paradigm in order to consder long-term  memory
characterigtics. In the modified study, subjects were forced to compare a visble stimulus to
an obect exiding in memory. The manipulated vaidbles were interpostion and
sereoscopic vison. Results showed a poditive effect of interpodtion on performance and a
sgnificant, dbeit limited, podtive effect of dereopss. Actudly, the effect of Sereopds
was only measurable for tridswith rotated stimuli lacking in clear cues to object structure.

The authors interpreted this result by supposing that stereopss represents a useful visud
cue when other cues to simulus structure are insufficient and/or ambiguous.

9.4 Concluson

Virtud Redity is becoming a commonly used research tool in experimenta psychology,
and the studies of those researchers who apply this technology are acknowledged and even
encouraged by the scientific community. In addition, this trend is reinforced by reduced
computer size, lower cogs and dgnificant increase in computing power, which are likely to
make advanced computer sysems avalable in many psychology laboratories. However,
for this technology to be successfully gpplied to the avalable behaviour research
methodologies, efforts must be made both by behaviour and computer scientists in order to
override some methodologica and technica problems.

A fundamentd issue having important implications on the feashility of a VR goproach
applied to psychological research concerns the concept of generdization of messurement.
In fact, it is not fully understood whether, and to which extent, results concerning a
hypothess tested in a virtud environment setting can be extended to day-to-day, red-
world life [49]. Experiences offered in Virtud Redity are redricted to what perceptud
cues we can reproduce and are much more limited than the sensorid-rich experiences
avalable to an individud going about daly routine. This limitation, therefore, should be
taken in account when atempting to generdize results obtaned usng a Virtud Redity
smulation to explain the behaviour observable in anaturd setting.

A second problem concerns the limitations of the current sensoria output devices. In
fact, dthough devices with 3D sound and tactile feedback are avalable, virtud
environments are mainly desgned around the visud moddity and do not account for
interactions among the sensorimotor sysems. This condrain, thus, reduces dragticdly the
range of experimental Stuations where VR could be applied.

Another technica problem is represented by the lack of reference standards. In fact,
amog dl the VR agpplications in behaviour research are “one-off” creations tied to their
development hardware and software. This makes it difficult to use them in context others
than those in which they were developed [7].

Findly, the issues rdated to the user interface should be not disregarded. The essence of
Virtud Redity is the ability to interact with a three-dimensona computer-generated
environment. If this technology has to become an effective research tool in experimenta
psychology, the god is to build applications that dlow a person to interact with the
eectronic environment in a naturdigic fashion. Furthermore, the development of more
naturdigic interfaces could have postive implications for the concerns on generdization
discussed above,

In concluson, dthough Virtud Redity technology represents a promisng tool in aress
of experimenta research such as those described above, a need is identified for more
fundamentd systematic research about methodologicd, technicd and human factors issues
0 as to improve understanding of the potentia offered by this innovative technology to
scientific psychology.
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