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Abstr act

Many training applications of virtual environnments (VE s) require
people to be able to transfer spatial know edge acquired in a VE
to a real world situation. Using the concept of fidelity, we
exam ne the variables that nediate the transfer of spatia

knowl edge and di scuss the form and devel opnent of spati al
representations in VE training. W report the results of an
experinment in which groups were trained in 6 different
environnments (no training, real world, map, VE desktop, VE

i mrersive, and VE |l ong imersive) and then asked to apply route
and configurational knowl edge in a real world naze environnent.
Short periods of VE training were no nore effective than map
training; however with sufficient exposure to the virtua

training environnment, VE training eventually surpassed real world
training. Robust gender differences in training effectiveness of

VE' s were al so found.
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| nt roducti on

Virtual environnment (VE) training is based on the assunption
t hat knowl edge or skills acquired in a virtual world wll
transfer to the real world. In fact, virtual training sinmulators
are effective only to the degree that they enable a user to apply
know edge or skills acquired in the VE to their real world
counterparts. This paper considers those applications for which
an essential part of the know edge to be transferred includes the
spatial properties of a large-scale environnent. As an exanpl e,
consider a proposed virtual fire-fighting sinulator (see Bliss,
Tidwel |, and CGuest, 1997; Egsegi an, Pittman, Farner, and Zobel,
1993). The virtual fire-fighting sinulator trains firefighters
to nove through the spatial |ayout of buildings or ships before
they enter the real environnment to put out an actual fire.
Training firefighters in a sinulator is attractive because it is
risk-free, controlled, convenient, and potentially cost-
effective. However, before sinmulators such as this are
inplemented, it is inportant to understand the degree to which
there are differences between know edge acquired in the real
wor |l d and know edge acquired in a VE

In this paper we will investigate the ways in which exposure
to a conputer generated replica of an environnment can substitute

for actual exploration of the real world. Recently, Wtner and
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hi s col | eagues have shown that exposure to a VE can be effective
in training know edge about the route through a | arge and
conplicated office conplex (Wtner, Bailey, Knerr, and Parsons,
1996). Bliss, Tidwell, and Guest (1997) showed further that
civilian firefighters can apply route know edge |learned in a VE
to a nock rescue situation. These studies are prom sing and

per suasi ve denonstrations of the efficacy of VEEs in training
spatial know edge. In fact, we feel that researchers now no

| onger need to question whether VE' s can be effective in training
spatial knowl edge. Today’'s nore pressing research questions

i nvol ve exam ning the variables that nediate the training effects
of VE's. W have taken this analytic view by controlling our
training environnment, while varying the fidelity of the
interface, the quality of the VE, and training tine. W use this
approach to consider sone of the psychol ogical issues associ ated
with VE training, and di scuss whether training in a VE affects
the cognitive representation of the corresponding real world

envi ronnent .

Fidelity

We define fidelity to be the extent to which the VE and
interactions with it are indistinguishable fromthe participant’s
observations of and interactions with a real environnent. It is

generally assuned that if all other factors are held constant,
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increasing the overall fidelity of a sinmulator will lead to
increases in transfer (Hays & Singer, 1989; Caird, 1996). To
sone degree, this intuitive principle is undoubtedly true. 1In
the extrenme case, training in a futuristic virtual sinmulator with
perfect fidelity would yield transfer equivalent to real world
trai ni ng because the two environnents woul d be indi stinguishabl e.
However, the reality of today’'s technology is that a slight
increase in fidelity may be very expensive. Because the
ef fecti veness of VE s always hinges on a trade-off between
econom ¢ and technol ogical variables, it is inportant to have an
under st andi ng of which technol ogi cal vari ables may be nost easily
sacrificed w thout degrading trainee performance. For exanple,
Wtnmer et al. (1996) were able to achieve positive transfer of
route know edge from people trained in a VE despite the fact that
their sinmulator did not provide tactile feedback or aural cues.
By today’s standards, the simulator used by Wtner et al. was
virtually state of the art and the environnent was very detail ed
visually. Perhaps Wtner et al. could have achi eved positive
results with even less fidelity and cost. Bliss, Tidwell, and
Guest (1997), for exanple, were able to showwth relatively | ow
fidelity interface devices that people can transfer spati al
know edge acquired in a VE

In addition to using lower-fidelity equipnent to help
determ ne the cost-effectiveness of VEEs in training, we wsh to

determ ne those characteristics of the virtual training
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environment that are nost inportant for successful transfer of
knowl edge. There are three information domains in VE training:
the real world environnment, the training environnent, and the
trainee’s nental representation of the environnent (see figure.
1). In general, information about a real world environnment wll
never be preserved perfectly in either the training environnment
or the trainee’s nental representation. W know this because
there are systematic differences in people s representations of
real environnents, even after years of experience in them
(Tversky, 1981). On the other hand, sonme structures are
preserved in the mappi ngs between the three donains. Fidelity is

concerned with the quality of these mappings.

-- Insert figure 1 about here --

The mapping fromthe real world environnment to the training

environment is nmediated by what we call environnental fidelity,

while the mapping fromthe virtual environment to the nenta
environnent of the trainee is affected by what we terminterface
fidelity (see fig 1). W briefly discuss these types of fidelity
and then describe an experinent that examnes their role in the

transfer of spatial know edge.

Environnmental Fidelity
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Environnental fidelity depends on the degree to which
variables in the training environnent resenble those in the real
world. This nmeans that environnmental fidelity is a psychol ogical
rat her than an engi neering concept, because it depends on a
psychol ogi cal judgnent of simlarity rather than a mat hemati cal
correspondence between val ues of variables. For instance,
al t hough map di stances may al nost perfectly correspond to
di stances on the ground, a map is not a high fidelity sinulation
of geography. In the experinent reported here, we consider three
quite disparate |evels of environnental fidelity: a real world
maze environnment, a virtual replica of the environnment, or a map
of the environnent. The degree to which environnental fidelity
affects the transfer of spatial know edge fromthe learning to
the real environnment should be reflected in the ordering of the

performance of these groups.

Interface fidelity

Interface fidelity deals wth the mappi ng of the variabl es

in the training environment to those in the trainee’s nental
representation of the environnent. It addresses the degree to
whi ch the input and output devices associated with the VE
function simlarly to the way in which the trainee would interact
with the real world. O course, the trainee s assessnent of an

intuitive interface is also a psychol ogi cal judgnent. For
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exanpl e, a VE which uses a nouse as a navi gational device
represents wal king or riding by nouse notion. It is an inportant
gquestion whether this correspondence sufficiently represents
interaction with the real world through navigation. |In fact,
Bliss et al. (1997) have shown that for acquiring certain kinds
of spatial know edge, m ninmal navigational control with a nouse
can be sufficient.

In our experinment, we clustered several interface devices
together to formtwo principal treatnment groups: an inmersed
condition, and a desktop condition. Participants in the inmersed
condition experienced the virtual training environnment through a
head- mount ed display (Virtual Research’s VR4 — 742 x 230
resolution; 60 degree field of view in conjunction with a six
degree of freedom head tracker. This imrersion allowed a greater
concordance between the user’s actual body and their virtual
vi ewpoi nt and thus represents a hi gher degree of interface
fidelity. On the other hand, the lower fidelity desktop
condition consisted solely of a 21-inch flat panel display
(subt endi ng approxi mately 36 degrees of visual angle). Both
conditions all owed users four degrees of freedom of navigational
control with a joystick (three translational dinensions —
al t hough the vertical dinmension was |imted to realistic heights
— plus rotation around the vertical axis, or yaw). The degree to
which imrersion is an aid in training i s an unresol ved i ssue and

our experinment was designed to test its value. |If the fidelity
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of the interface is in fact an inportant aid in the transfer of
spatial know edge, then we woul d expect participants in our

i mrersed condition to outperformthose in the desktop condition.

Devel opi ng nental environnments

Qur remarks to this point have referred nostly to the
quality of the mappings between a real world environnent, a VE,
and a nental representation of an environnment. Here we focus on
the form and devel opnent of a person’s nental representation of
either a VE or a real environnent. Because such representations
devel op over tinme, it is inportant to ask whether the
devel opnent al sequence is the sane in the real and virtua
envi ronnent s.

Psychol ogi sts have identified three stages of devel opnent of
an individual’s cognitive representation of a |arge-scale
navi gabl e space (Seigel & Wiite, 1975). During an initial period
of famliarization, a person focuses on the inportant |ocations
in the environnent. Know edge in this stage consists of a
di sconnected set of |andmarks. After nore exposure to an
environment, people are able to |ink together inportant |andmarks

into routes. Know edge of this type is said to be a route

representation. Wth additional exposure, sone people may

develop a nore flexible, map-like representation of the

environnent called a survey representation (also known as
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configurational know edge). An individual with a survey
representation of a space understands the spatial relationship
bet ween the various | andmarks in an environnent independently of
the routes that connect these | andmarks. Survey representations
facilitate spatial inferences and can all ow people access to
spatial information regardless of orientation (Sholl, 1987);
however, they differ fromreal environnents in well-docunented
ways (e.g. Tversky, 1981; McNamara, Hardy, & Hirtle 1989;
Engebretson & Huttenl ocher, 1996). Nevertheless, it is generally
assuned that survey know edge represents a nore thorough and
fl exi bl e understandi ng of the spatial characteristics of a |arge
scal e environnent than does route know edge. Therefore, it is
inportant to study the variables which affect the transition from
a route to a survey representation.

The issue of transition is particularly inportant when
| earning a VE because people can be in a real environnment for
nore than a year without necessarily acquiring a survey
representation of it (Meser, 1988). Devel oping a surveyor’s
representation requires a conscious effort (Lindberg & Garling,
1983), which inplies that people are notivated to learn it and
the environnment allows themto do so. Just as in a real world
envi ronment, people can |learn procedures for noving frompoint to
point ina VE (Bliss et al., 1997). However, if a task requires
no nore than this, a surveyor’s representation may not devel op.

Al t hough it has been shown that navigation through a VE can | ead
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to orientation-free judgnents of relative directions between
objects (Tlauka & Wlson, 1996) it is not clear whether these are
truly survey representations. Wtner et al. (1996) were not able
to establish whether exposure to a VE differentially affects the
quality of a person’s survey representation, although their
findings are consistent with there being no difference.

The probl em of devel oping a survey representation in a
VE i s confounded by two inportant characteristics of VE s
conpared to real environnments. VE s typically have restricted
fields of view conpared to real environnents, and restricted
fields of view have been shown to interfere with spatial |earning
inthe real world (Sholl, 1993). Additionally, today's VE s are,
for nost people, a non-intuitive experience; wearing a headset
and navi gating by | ooking or by nouse novenent are not natural
activities. To the extent that learning to interact with the VE
is acontrolled activity, it would be expected to interfere with
the cognitive effort required to devel op a surveyor’s
representation. Therefore when evaluating VE training it is
inportant to assess participant’s representation at different
points in their VE experience. W have done this by neasuring
participants’ spatial know edge after each of six exposures to
the training environnent. Additionally, we have included a group
that is given nuch | onger exposure to the VE during the training
phase of each trial, allowing us to evaluate the effects of

i ncreased simulator tine on an individual’s performance.
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Qur primary neasure of spatial know edge involved recording
the participants’ behavior in the performance environnent while
he or she was blindfolded. Fast and accurate navigation in a
roomwhile blindfolded clearly requires one to have a good nental
representation of the room Conversely, we feel that efficient
bl i ndf ol ded navigation is indicative of an accurate nental
representation. W neasured efficient navigation by recording
both the time taken to navigate blindfolded and the nunber of
tinmes the participants bunped into the walls of our environnent.
Unl i ke nost nethods of neasuring route or survey know edge (e.g.
di stance estimations, recognition nethods, and graphic and
reconstructive nmethods such as map drawi ng) the blindfold neasure
has the advantage of neasuring actual spatial behavior in the
per formance environnment. Moreover, denying participants visual
i nformati on about the performance environnment required themto
rely nore heavily on their training to learn the environnent’s

spatial characteristics.

Met hod

Subj ect s
A total of 125 people (61 nen and 64 wonen) participated in
the experinent. 82 of the participants were undergraduates
bet ween the ages of 18 and 40 enrolled in an introductory

psychol ogy course at the University of Washington. These people
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participated in the experinment in return for extra credit in
their class. For the four weeks of the study during which the
Psychol ogy Departnent’s human subj ect pool was unavail able, the
remai ni ng 43 participants were recruited through an adverti senent
in the canpus paper. These recruited participants were between
the ages of 18 and 50 and were paid an hourly rate for their

partici pation.

Mat eri al s and appar at us

The real world environnment was a 14’ x 18 naze with novable
77 tall black curtains, configured as showmn in Figure 2. The
curtains hung froma rectangular grid of cables each spaced two
feet apart. The ceiling of the naze extended approxi mately eight
feet above this grid, allowing anbient light into the naze. At
four locations, a large stuffed animal was suspended fromthe
grid, four and a half feet fromthe ground, along with a large
cardboard nuneral. The nunerals hel ped indicate to the subject
the correct path to take through the maze as well as making
communi cation about the maze's | ocations easier. In this way,
the nunerals and stuffed animals served as prom nent |andmarks in

t he nmze

-- Insert figure 2 about here --
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For the virtual portions of the experinent, the room

descri bed above was nodel ed using Worl dupO by Sense8 Corp on a

Pentium ProO 200 with an OxygenO 102 graphics accel erator card
(see fig 3). At seven locations in the virtual maze we pl aced
red directional arrows at eye-level. The arrows indicated the
correct route to take through the naze and they al so helped to

make the space nore interpretable for inexperienced users. A
Thrust master PFCSO joystick provided four degrees of freedom of
navi gational control (three degrees of translation plus the
ability to pan one’s viewpoint). Subjects in the i mersed
condition used a VR4O HWD from Virtual Research and had

addi tional navigational (and viewpoint) control with a six degree
of freedom head tracker (Pol henus FastrakO). Depending on the

| ocation of the user in the VE, the virtual scenes for both
desktop and i mersed conditions were rendered between 8.0 and
11.1 frames per second wth a mean of 10.0. |In addition to the
virtual maze room a |large maze-like virtual environment was
created in which participants |earned the rudi nents of navigation
in a virtual environnent. The conputer on which the virtual
portions of the experinment were conducted was in the sanme room

(though in a separate area) as the actual real world maze.

-- Insert figure 3 about here --

Pr ocedur e
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Al participants were initially given the Guilford Zi mrer man
standardi zed test of spatial orientation ability. They were then
given a short task that famliarized themw th wearing a
bl i ndf ol d whil e wal ki ng around a practice nmaze. This task gave
t he experinenter the opportunity to correct the participants of
habits such as wal king too slowy and taking too small steps
while blindfolded. (Pilot studies had shown that a short
practice session wwth a blindfold hel ped to reduce the vari ance
in scores during the testing phase of the experinent.) The
experinmenter then reconfigured the maze to the standard
configuration (see figure 2) and allowed the participant exposure
to a version the maze according to their experinental condition.
Twenty participants were randomly assigned to each of the

foll ow ng six exposure conditions:

1. Blind: Participants in this group were given no exposure

to the maze room

2. Real: For each trial, participants in this group were given
one mnute in which to explore freely the real world nmaze. At
the beginning of the first trial, the experinenter pointed out
the appropriate route between each object and thereafter,
participants were given no information or advice but were all owed

to wander through the maze on their own.
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3. Map: At each trial, participants in this group were
shown a map of the maze and were asked to study it for one
m nute. At the beginning of the first study session, the
experinmenter oriented the map for the participant and

poi nted out the correct route to take through the maze.

4. VR-Desk: This group was given two m nutes of exposure to a
virtual replica of the maze at each trial. (Previous experinents
had shown that one m nute of VE exposure was not enough tine to
allow a person to navigate through the maze. A two mnute
exposure period all owed nost participants to navigate through the
entire maze on their first trial.) These participants were
seated 24 inches froma 21-inch color nonitor which rendered the
virtual scenes at 800 x 600 resolution (true color, 60 Hz
refresh). As with the real world group, participants were
initially instructed which way to go so that they could get to
each location in order. The arrows in the virtual naze al so
provi ded path information. The participants’ notion and
viewpoint in the virtual environment were controlled by the user

with a joystick.

5. VR-Immersive: At the beginning of each trial, this group
was given two m nutes of exposure to the same virtual nmaze and
were given the sane advice as the other groups on the route to

take through the maze; however, they experienced it with a VR4
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head- nount ed di splay (742 x 230 resolution, 60 degree field of
view) and a six degree of freedomtracker. These participants

al so controlled their notion and gaze with the joystick.

6. VR-Long Imrersive: This group was identical to the
i mrer si ve group; however, at each trial, they were allowed five

m nutes of exposure tinme to the virtual maze.

Prior to the naze exposure, all of the participants in the
virtual conditions had been given between 30 and 75 m nutes of
instruction and training in how to use the input devices
efficiently. A virtual practice world was used in which the
el ements of navigation with the joystick (and tracker) were
trained and practiced. After |earning the basic navigation
skills, these participants were tined on a “virtual obstacle
course” that required extensive use of the elenents of navigation
and concentrated on those that woul d be inportant for navigating
t hrough the maze room Subjects were not allowed to proceed with
the experinment until they could conplete the obstacle course in
under four mnutes. Training tinme for participants thus varied
depending on their abilities. Al but four people were able to
conplete the obstacle course in less than four mnutes. It was
clear to the experinenter that the four participants who did not
conpl ete the obstacle course had difficulty physically noving the

joystick because of its relatively high spring tension. These
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four people were randomy re-assigned to one of the three non-
virtual conditions.

After encountering either a virtual, a real, or a map
version of the maze, subjects were blindfol ded and escorted to
t he beginning of the real world naze. They were then instructed
to touch each stuffed animal in order, as quickly as possible,
while mnimzing the nunber of tines that they hit the walls of
the maze. As participants went through the maze bli ndfol ded, the
experinmenter tinmed them and counted how many tines they touched
the walls. Participants were informed and continually rem nded
of how they were being scored, and were asked to do their best to
mnimze their tinme and touches of the walls (or “bunp count”).
This process of exposure to the naze foll owed by a blindfol ded
wal k-t hrough task was repeated six tines.

After the sixth exposure to the nmaze, the experinenter gave
the participant a distracting task while he altered two of the
curtains in the nmaze (see Figure 4). This new configuration was
identical to the one on which subjects had been trai ned except

that two of the possible three paths between the first and third

stuffed animal s were now bl ocked. |In the new configuration, both
the nost famliar and the nost direct path were bl ocked. The
partici pant was instructed that his or her task was no |onger to
touch each aninal. Rather, the task was to go as quickly as
possible fromthe first stuffed animal directly to the third

stuffed aninmal. When the subjects discovered that the typical
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path between the first and third ani mal s had been bl ocked, they
were forced to rely on their nental representation of the nmaze
and integrate the piece-neal know edge they had acquired to that
point. W refer to this task as the “integration task.” The
experinmenter recorded how |l ong the participants took to conplete
the integration task, how many tinmes they touched the nmaze walls,

and the route(s) that they attenpted to take.

-- Insert figure 4 about here --

Finally, participants were given a 30 question true/false
test in which they identified whether a given map of the room
correctly represented a portion of the maze. False itens on this
test (see figure 5) were wong because they either showed an
i ncorrect route between | ocations (see figure 5a) or an incorrect
relative position of |ocations (see figure 5b). Though both
types of itens required configurational know edge, we refer to
the itens show ng possible routes between object |ocations as
‘route itenms.’ Those itens which showed only the relative

| ocation of points we refer to as ‘survey itens.’

-- Insert figure 5a and 5b about here --

Resul ts
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Five participants (four nen and one wonman) voluntarily
w thdrew fromthe experinent conplaining of mld synptons of
si mul ator sickness. Unless otherw se specified, the follow ng
anal yses are conducted on the remaining 120 participants, using a
two-tailed al pha |l evel of .05 Miltivariate tests of
significance use Wlk’s landa criterion, and significance tests

of contrast estimates do not assunme equal vari ance.

Bl i ndfold task

A nunber of participants (particularly those in the blind
condition) took what we felt was an inordinately long tine to
conplete the blindfold portion of sonme of the trials. |In order
to allow the entire experinent to be conpleted in the tine
allotted, the experinmenter stopped the participant if he or she
had not traversed the nmaze in ten mnutes. For the 31 subjects
and 39 trials on which this occurred (less than 5% of the
trials), we assigned a time of ten mnutes and a bunp count equal
to the nunber of bunps the participant had nmade in those ten
m nut es.

Across all trials, the partial correlation (controlling for
subj ect) between the participant’s tinme through the maze and
their bunp count was quite high (r(832) = .94, p < .0005).
Because of this correlation, all of the subsequent anal yses wl|

be univariate, treating time through the maze as the dependent
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vari able. None of the results we obtain differ substantially

when we consi der bunp count as an additional (or sole) neasure.
Figure 6 illustrates the effect of repeated exposures on

time through the naze for each experinental group. Differences

in transfer of spatial know edge between the non-blind conditions

were eval uated using a repeated neasures fixed effects ANOVA,

treating trial nunber (1 - 6) as a within subject independent

vari abl e, experinmental condition (map, real, desk, short

i mrersion, and | ong i mmersion) and gender as between subj ect

i ndependent variables. Tinme through the maze was the dependent

variable. In summary, this analysis yielded a significant two-
way interaction between condition and trial (F(20, 286) = 1.84, p
= .017) and significant main effects of trial (F(5, 86) = 31.73,

p < .0005), condition (F(4, 90) = 2.73, p = .034) and gender
(F(1, 90) = 18.75, p < .0005). Al other effects were not
significant. W defer analysis of the gender related effects to

the section on individual differences.

-- Insert figure 6 about here --

Not surprisingly, subjects’ performance in all conditions
i nproved steadily over trials -- the main effect of trial was
significant (F(5, 86) = 31.73, p < .0005). Mre inportantly, the
rate of this inprovenent depended on the type of training the

participant had received, probably because participants in the
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different conditions were converging towards the sane asynptote.
The interaction of trial and condition was significant (F(20,

286) = 1.84, p = .017).

Early Learning: effects of imrersion and maps

Table 1 shows mean tines through the maze on the first two
trials for each experinental group. Participants who were
all owed only one mnute of exposure to the real maze were able to
traverse it blindfol ded nmuch faster on the first two trials than
those participants in the other conditions. On average, subjects
in all VR conditions perfornmed worse in the initial trials (M=
270.51 s) than those people in either the real world (M= 163. 32
s) or mp (M= 242.88 s) conditions. By the second trial, only
the group that was given a much longer training tine in the
i mrersive VE was able to outperformparticipants trained on the
map (Mong immerse = 122.05 S; Mmp = 191.70 s). The lag in
performance for the participants who trained in nost VE
conditions is partly responsible for the significance of the
trial by condition interaction. Statistical conparisons between
i mrer sed and non-i nmrersed VE groups and between VE training in
general and map training are not significant over the first two
trials. The only significant Hel mert contrast conparing group
differences on the first two trials is the one that conpares the

real world group with all other non-blind groups. The difference
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between the real world group’s nean tinme and that of the other
non-blind groups over the first two trials was, with 95%

confidence, estimated to be 150.81 + 136. 05 seconds.

Later learning: asynptotic performance and the effect of |ong

i ner si on

Figure 7 illustrates the nmean times for each group on the
blindfold task after the sixth training session. By the sixth
trial, participants in the Iong i mersive condition outperforned
those in the real world training group (Mong imerse = 40.95; Mea =
56.5 seconds), although this difference is not significant.
Participants who trained in the other conditions converged on a
sonewhat worse performance. The contrast conparing nean tinmes
for the real and |long i nmersed condition with the two other VE

conditions is significant (t(43) = 3.22, p = .002).

-- Insert figure 7 about here --

The convergence of performance between the real and
virtual groups by the sixth trial cannot be attributed to the
| earning of the environnment that occurs while the participants
were blindfolded. By the sixth trial, those people in the blind
condition still performed significantly worse than the other

groups. The contrast conparing the tinmes of the blind group on



Spati al Know edge Transfer p. 24

the sixth trial with those of the other groups is highly

significant (t(19) = 4.55, p = .0002).

Representation di fferences

Differences in nental representations after the sixth trial
were nmeasured by conmbining the results of the integration task
and the true-fal se questionnaire. The integration task forced
participants to access their nental representation of the maze by
bl ocking off the famliar path fromone naze |ocation to the
other. In addition to recording the tinme to conplete the
integration task and the nunber of times the participant ran into
the maze walls, the experinenter also recorded which alternate
routes the subject attenpted to take. Two statistics were
derived fromthe true-fal se questionnaires: the total percent
correct, and a “survey score” which was cal cul ated by subtracting
t he nunber of correct ‘route’ itens (see figure 5a) fromthe
nunber of correct ‘survey’ itens (see figure 5b).

Representation differences were tested using a fixed effect
MANOVA wi th gender and experinental condition (real world, map,
desktop, immersive, and |long i mersive) as between subjects
i ndependent variables. Tinme on the integration task, bunps in
the maze on the integration task, whether the participant

initially attenpted the shortest route, percent correct on the
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true-fal se test, and survey score on the true false test were

i ncl uded as dependent variables. The analysis reveal ed
significant main effects of both condition (F(20, 253) = 1.90, p
= .013) and gender (F(5, 76) = 2.58, p = .033). The interaction
of condition and gender was not significant.

The true-false test proved to be a particularly strong
measure of both group and gender differences in spatial
representations. In all training conditions, nen averaged hi gher
scores on the true-fal se test than women (M., = 69% correct;
Momen = 64% correct). For both genders, map training (M= 70%
correct) yielded the best performance and the two-m nute inmersed
group yielded the worst (M= 61%correct). A 4 (training
condition) x 2 (gender) univariate ANOVA indicated that both
training condition (F(4, 85) = 2.78, p = .032) and gender (F(1,
85) = 7.78, p = .007) were significant predictors of
participants’ test performance. Figure 8 illustrates these

di f f erences.

-- Insert figure 8 about here --

Anot her particularly sensitive nmeasure of differences
bet ween training conditions was whether the participant initially
attenpted to take the shortest route in the integration task.
Fol | ow-up analysis on this variable reveal ed that nmuch of the

effect of training condition was accounted for by the | ower
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scores of participants in the two imersed conditions. On
average, participants in the imrersed conditions chose to take
the shortest route on the integration task only 35% of the tine,
wher eas, people in the other conditions averaged 63% This

difference is significant (t(79) = 2.90, p = .005).

| ndi vi dual differences

Most of our dependent neasures varied reliably wth gender.
On average, in all non-blind experinental groups, nen
out perforned wonen at the blindfold task (F(1, 90) = 18.75, p <
.0005). A gender effect was particularly strong for wonen who
trained in the three VE conditions. This trend is illustrated in
figure 9. VE-trained wonen performed significantly worse than
men in the VE conditions (the 95% confidence interval for the
mean difference between VE nen and VE wonen [assum ng equal
vari ances] was 225.21 + 141.45 s ). They al so perforned
significantly worse than wonen trained in the real world (the 95%
Cl for the nmean difference between these groups [assum ng equal
vari ance] was 271.65 + 173.24 s). Mreover, there was not a
significant difference between wonen and nmen who trained in the

real worl d.

-- Insert figure 9 about here --
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Men al so out perfornmed wonen on four of the five nmeasures of
spatial representation (all but the survey score fromthe true-
fal se questionnaire), and the MANOVA conducted on our
representati on nmeasures showed a significant effect of gender
(F(5, 76) = 2.58, p =.033). T-tests confirned that nen took
less time to conplete the integration task (t(65) = 2.70, p =
. 009), touched the walls of the maze | ess frequently (t(65) =
2.40, p = .020), and scored higher on the true-false test (t(91)
= 2.39, p = .019).

The Guilford Zi mrerman test of spatial orientation was
nmoderately predictive of a participant’s overall performance on
the true-false test (r(95) = .44, p = < .0005); however, it was
not predictive of the survey score derived fromthe true-false
test, nor was it predictive of any of the behavioral neasures of

spatial know edge.

Di scussi on

We have shown that training in a VE of relatively | ow
fidelity allows people to devel op useful representations of a
| arge scal e navi gabl e space; however, when allowed only short
exposures, VE training may be no nore effective than training
with a map, and imersive VE training may be no nore effective
t han desktop VE. On the other hand, if one is willing to spend

enough time, then training in an i mersive VE on tasks requiring
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route know edge may surpass map training and be indistingui shable
fromtraining in the real world. However, there is evidence that
i mrersive VE training does not allow survey understandi ng.
Perhaps this is because conscious effort (Lindberg & Garling,
1983) and a wide field of view (Sholl, 1993) are necessary for
acquiring survey know edge. It is possible that for our

partici pants, the novelty of the HVD and tracker diverted sone of
the cognitive effort required for survey understanding. A
followup to this experinment will involve training participants
extensively in a different VE so that the interface devices are

| ess novel and require less cognitive effort. W are also
currently exam ning the question of whether VE s enable better
long-termretention of spatial skills.

It is inportant to realize that the VE used for training in
this experinent did not make use of many possible properties of
virtual worlds, and these properties may have a great inpact on
acquiring spatial know edge. W did not allow subjects to ‘fly’
above the naze and | ook down on it; nor did we allow themto pass
through walls or transport thenselves to distant |ocations.

Besi des the directional arrows, there were no navigational aids
in the maze. It is likely that a virtual conmpass or transl ucent
wal I's could be used effectively to train spatial know edge.
Wiile this and other research has shown that these
characteristics of VE's are not necessary for training route

know edge, they may be hel pful in training survey know edge.
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Dar ken and Si bert (1996) have shown that environnental cues such
as maps and grids placed in a VE decrease directional errors on
hand-drawn maps. Participants trained on a map i n our experinment
al so exhibited better configurational know edge of the real
environnent. It is natural to hypothesize that providing a map
or other navigational aids within the VE during training can
enhance the acquisition of survey know edge.

There has been little evidence for gender effects in VE
training, and we were surprised to have found such robust
di fferences between nen and wonen. It is clear that for our
popul ati on of participants, wonen’s performance on virtually al
tasks tended to |l ag behind that of nen. Inportantly, though,
wonen who trained in the real world environnment perfornmed nearly
as well as simlarly trained men. This means that performance
di fferences between genders are not because of differences in the
acquisition of spatial know edge. They are nore likely due to
gender differences in the effectiveness of VE s for training.
Psychol ogi sts have shown that in general, nen have nore
experience with video ganes (Philips, Rolls, Rouse, & Giffiths,
1995) and report nore confort and confidence with conputers
(Tenmple & Lips, 1989). There is al so evidence that conputer
ganes have differential training effects on nen and wonen (Tirre
& Raouf, 1994). Future research in this field will need to
determ ne the extent to which prior conputer experience inpacts

the effectiveness of VE training differently for nmen and wonen.
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At the very least, future related experinents will need to
control for gender.

Wth a few caveats, VE s can be an effective nmediumin which
to train spatial know edge. Because of the expense associ ated
with high fidelity VE training, though, it is essential to know
the exact nature of these caveats. One that we have found is
that environnmental and interface fidelity have little effect on
the acquisition of route know edge. As our research continues,
we hope to delineate nore clearly the capabilities and

[imtations of VE training.
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Table 1

Means and standard deviations of tines on the blindfold task for

the first two trials
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Fi gure Captions

Figure 1. The role of fidelity in virtual environnment training.

Figure 2. A schematic map of the maze configuration used in the

experi nment.

Figure 3. The virtual maze environnent.

Figure 4. A schematic map of the maze used for the “integration
task” in which the participant’s task was to go fromlocation 1

to location 3 as quickly as possible.

Figure 5a. Exanple of an incorrect nmultiple choice item which

enphasi zed the route between nmaze | ocati ons.

Figure 5b. Exanple of an incorrect nmultiple choice item which

enphasi zed the relative | ocations of objects in the maze.

Figure 6. Mean tine through the maze blindfolded for each trial

in each condition of the experinent.

Figure 7. Mean scores with 95% confidence intervals for the |ast

trial of the blindfold task
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Fi gure 8. Mean percent correct on the true/fal se naze
identification test for men and wonen in the different training

condi ti ons.

Figure 9. Mean tinme through the maze blindfol ded on each trial
for wonen and nmen in the VE training conditions and in the real
worl d training condition.
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Waller, Hunt & Knapp: Fig. 1
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Waller, Hunt & Knapp: Fig. 2
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Waller, Hunt & Knapp: Fig. 4
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Waller, Hunt & Knapp: Fig.5a& b



Spati al Know edge Transfer p. 42

Waller, Hunt & Knapp: Fig. 6
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Waller, Hunt & Knapp: Fig. 7
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Waller, Hunt & Knapp: Fig. 8
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Waller, Hunt & Knapp: Fig9
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Waller, Hunt & Knapp: Table 1



