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Effects of Stereoscopic
Presentation, Image Motion, and
Screen Size on Subjective and
Objective Corroborative
Measures of Presence

Abstract

Recently, we reported that group subjective measures of presence as well as ob-

servers’ postural responses are sensitive to increasing the realism of a display with
motion content, by the addition of stereoscopic information, using a 20-inch stereo-

scopic screen with an effective horizontal �eld of view of 28 deg. (Freeman, Avons,

Meddis, Pearson, & IJsselsteijn , 2000). The experiment presented here employed a
large projection display with a 50 deg. horizontal �eld of view showing a rally car

traversing a curved track at speed. The independent variables included image mo-

tion and stereoscopic presentation as within-subjects factors and screen size as a
between-subjects factor. Dependent variables included subjective measures of pres-

ence, vection, involvement, and sickness, as well as observers’ lateral postural re-

sponses, which served as a candidate objective corroborative measure of presence.
Results demonstrated a noisy yet positive effect of stereoscopic presentation on the

lateral postural responses. Post-test subjective ratings revealed a signi�cant effect of

stereoscopic presentation on the subjective judgments of presence, but not on
those of vection, involvement, or sickness. Image motion had a large and signi�cant

effect on the subjective judgments of presence, vection, and involvement. The effect

of image motion was considerably larger than that of stereoscopic viewing. By com-
paring results between experiments, a large effect of screen size on subjective pres-

ence ratings could be demonstrated, but only for the video stimulus that contained

motion. The postural response measure did not differentiate between screen sizes,
thus limiting its utility as an objective corroborative measure of presence, although

further research is required to be able to be more �rm in our conclusion regarding

this issue.

1 Introduction

The current pace of technological development in networks, computing
power, and displays, as well as improvements in human-system interfaces, en-
ables the creation of services that are able to elicit a sense of presence in the
user. The concept of presence has relevance and implications for the design
and evaluation of a broad range of interactive and noninteractive media, and
applications in areas such as training and education, telecommunications, tele-
medicine, VR psychotherapy, and various forms of entertainment.

Scienti�c research into presence is still at a relatively early stage of develop-
ment. From the early 1990s onwards, the subjective sensation of “being there”
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in a mediated environment has been studied in relation
to various media, most notably virtual environments
(VEs). Although substantial progress has been made in
presence research, there still exists a clear need for a reli-
able, valid, and robust methodology for measuring pres-
ence (Bar�eld, Zeltzer, Sheridan, & Slater, 1995; Stan-
ney & Salvendy, 1998; IJsselsteijn, de Ridder, Freeman,
& Avons, 2000).

1.1 Measuring Presence

The different approaches taken to measuring pres-
ence to date can be divided into two general categories
of presence measures: subjective measures and objective
corroborative measures. Subjective measures are mea-
sures whereby the participant is asked for a conscious
judgment, either online or post-test, of his/her psycho-
logical state/response in relation to the mediated envi-
ronment. The majority of presence studies to date use
questionnaires and rating scales to assess the presence
experience. These methods have the advantages that
they generally do not disrupt the media experience, are
easy to administer, and have face validity. However,
they do have some limitations. The most important one
is potentially poor reliability. Simple, subjective post-test
measures are known to be potentially unstable, with
inconsistencies across different raters and rating situa-
tions (Freeman, Avons, Pearson, & IJsselsteijn, 1999).
A reason for this could be unfamiliarity with the concept
of presence for na ṏ ve participants, which may in turn
increase their potential sensitivity to demand character-
istics of the experiment (that is, the hints and cues in a
research situation that in�uence participants’ percep-
tions of what is expected from them).

Researchers are exploring two approaches to over-
come this reliability problem and create more-stable
presence measures. One is to re�ne the measurement
procedure (such as through better instructions and
avoiding cues that may hint to the hypotheses being
tested) as well as the subjective measures themselves.
Subjective measures are being improved through better
questionnaire design and careful piloting on a wide vari-
ety of media, content, and individuals (Witmer &
Singer, 1998; Schubert, Friedmann, & Regenbrecht,

1999; Lessiter, Freeman, Keogh, & Davidoff, 2000;
Lombard, Ditton, Crane, Davis, Gil-Egui, Horvath, &
Rossman, 2000).

An alternative approach is to measure user responses
that are produced automatically and without conscious
deliberation, but that are still sensibly correlated with
measurable properties of the medium and/or the con-
tent. In an attempt to develop such a measure of pres-
ence, the behavioral realism approach was proposed
(Freeman, Avons, Meddis, Pearson, & IJsselsteijn,
2000). The approach is based on the premise that as a
display better approximates the environment it repre-
sents, an observer’s responses to stimuli within the dis-
play will tend to approximate those which he/she
would exhibit in response to the environment itself.
Based on this principle, a variety of objective corrobora-
tive measures can be formulated. (See IJsselsteijn et al.
(2000) for a discussion of several actual and potential
presence measures.) Using such an objective corrobora-
tive measure of presence has the advantage of diminish-
ing the likelihood that the participant is responding to
the demand characteristics of the experiment. In addi-
tion, it circumvents the con�ict between sensation (“I
am in a VE”) versus knowledge (“I am in a psychology
lab wearing an HMD”), that seems intrinsic to the sub-
jective report of presence (Freeman et al., 2000).

It is important to note that candidate behavioral mea-
sures of presence such as postural responses, skin con-
ductance, or heart rate may also be sensitive to manipu-
lations that do not affect subjective presence. This
signals a potential problem with the validity of the ob-
jective corroborative measure. To ensure validity of the
selected objective measure, it should be combined with
a subjective measure of presence, and results from both
measures should correlate. Thus, a sensible research
goal is an aggregate measurement of presence that can
reasonably be expected to be reliable and valid (IJssel-
steijn et al., 2000). Most objective corroborative mea-
sures used or proposed to date have limited robustness;
that is, they will not be sensitive to all possible media
(form and/or content) manipulations that may affect
the user’s subjective sense of presence. It seems unlikely
that we will arrive at a single, overall objective corrobo-
rative measure of presence. Rather, the objective mea-
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sure that is being used as a presence measure should be
selected for particular applications, according to their
function. For example, postural responses, as reported
in this paper, can be used to assess displays aimed at
providing a sense of movement; skin conductance re-
sponse and heart rate can be used to assess emotionally
involving experiences, and so on.

1.2 Postural Responses

A number of different sources of information may
be used to control balance and posture. These include
information from the receptors in feet and ankle joints,
information from the vestibular organs, and information
received through the eyes. The importance of vision as a
source of information was demonstrated conclusively by
Lee and his colleagues (Lee & Aronson, 1974; Lee &
Lishman, 1975) in an experimental set-up known as the
“swinging room.” Postural adjustments occur as a pro-
prioceptive response, and in addition as a response to
real or illusory observer motion through an environ-
ment. It is this illusory perception of self-motion,
known as vection, and the related postural responses that
are of particular relevance within the behavioral realism
approach. Palmisano (1996) reported a study in which
observers viewed an array of dots expanding outwards
on the display at an accelerating rate thus suggesting
movement towards the observer at a constant rate. The
results showed that stereoscopic presentation of moving
dots reduced the latency of vection onset and also in-
creased the percentage of time for which observers re-
ported the feeling of self-motion, relative to the mono-
scopic presentation of the same stimuli. Previc and
Mullen (1991) studied the relationship between vection
and postural adjustments, using roll-vection stimuli, and
found that vection latencies (as measured by self-report)
were much greater than were latencies for observed pos-
tural adjustments. They concluded that the postural
adjustments were not caused by vection; however, the
high correlation between the two measures suggested
that they were controlled by the same visual parameters.

Postural responses can serve as potential objective cor-
roborative measures of presence, because they (i) occur
automatically without conscious re�ection and are thus

unlikely to in�uence concurrent subjective evaluations, and
(ii) they have the capacity to produce differential levels of
response, making it easier to relate them to subjective rat-
ings of presence (Freeman et al., 2000). Both Ohmi
(1998) and Prothero (1998) proposed that measures of
vection and presence should be related, based on the argu-
ment that an environment that causes an increase in vec-
tion will likely induce an increased sense of presence as
well. Recent research on postural responses to real-world
video stimuli showed that postural responses may indeed
be sensitive to various display manipulations. Ohmi (1998)
reported that the observers’ postural responses were re-
lated to the centrifugal acceleration presented on the dis-
play. Unlike Palmisano’s (1996) moving-dot study, how-
ever, Ohmi (1998) did not �nd an enhancement of
vection when comparing stereoscopic with monoscopic
moving video. Hoshino, Takashi, Oyamada, Ohmi, and
Yoshizawa (1997) measured larger postural responses to a
rolling-boat sequence with increased �eld of view (FOV)
and with stereoscopic presentation. Although their display
manipulations have also been shown to affect the subjec-
tive sense of presence (Prothero & Hoffman, 1995; Hen-
drix & Bar�eld, 1996; IJsselsteijn, de Ridder, Hamberg,
Bouwhuis, & Freeman, 1998; Freeman et al., 1999), no
speci�c subjective presence measure was reported in
Hoshino et al.’s postural response studies to enable a
�rm conclusion regarding the utility of their objective
measures.

Following the behavioral realism approach, Freeman
et al. (2000) recently reported a study on the utility of
postural responses as a measure of presence. In this pa-
per, we reported a positive effect of stereoscopic presen-
tation on the magnitude of observers’ lateral postural
responses, as well as on a subjective measure of pres-
ence, although the two measures were not signi�cantly
correlated per participant. The current study can be re-
garded as a replication and extension of the Freeman et
al. (2000) study. Because FOV has previously been
shown to affect postural responses (Hoshino et al.,
1997) as well as presence ratings (Prothero & Hoffman,
1995), it was of interest to perform a study using a dis-
play with a larger FOV than the one used in Freeman et
al. (2000), which covered a horizontal visual angle of
28 deg. Thus, by comparing the results from this study
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with the results from Freeman et al. (2000), we are able
to investigate the effects of screen size, as a between-
subjects factor, on both subjective and objective corrob-
orative measures of presence.

With regard to postural responses, it was predicted
that more movement would be detected with the mov-
ing stimulus than with the still stimulus. It is important
to note that it was expected that observers would move
in synchrony with lateral motion of the car. A passenger
seated in a rally car would experience centrifugal forces
in an opposite direction to the motion of the car, and to
counter the forces would move in the same direction as
the car. For example, if the car turned rapidly to the
right, the passenger would experience centrifugal forces
sending him/her left, and would lean right to counter
the forces. Hence, when confronted with a display of a
car traversing a curved rally track, the observer’s reac-
tion would result in their moving in the same direction
as the car, in line with results found earlier (Freeman et
al., 2000). Following the behavioral realism approach, it
was predicted that the increased realism of the stereo-
scopic presentation would result in a stronger postural
response. Therefore, it was predicted that the extent of
postural adjustment to the moving stimulus would be
enhanced under stereoscopic presentation. It was also
predicted that a larger FOV would enhance postural
responses. With regard to subjective presence ratings, it
was predicted that higher ratings would be obtained for
the stimuli containing image motion, for stereoscopic
stimuli, and for stimuli presented with a larger FOV.

2 Method

2.1 Participants

Twenty-four students of the University of Essex
(13 women, 11 men, average age 23.5 years, age range
18–30) participated in the experiment for which they
were paid £2. Only participants with a height of under
1.85 m were invited to participate in the experiment.
This restriction had to be imposed to prevent the top of
the participant’s head from obscuring part of the projec-
tion. (See �gure 1.) All had normal or corrected-to-

normal vision and a stereoacuity of 30 sec-arc or better
(as tested on the RANDOT random-dot stereotest).

2.2 Apparatus

Observers viewed the stimulus �lms on a large
curved stereoscopic projection display, with an image
size of 50 deg. visual angle horizontally. Two synchro-
nized Panasonic M2 (A750-B) video players provided
the video input for the two projectors. These projectors
had differently polarized �lters placed in front of each,
so that left and right eye images could be separated by
wearing polarized spectacles. A Flock of Birds (FOB)
magnetic position tracker was used to collect the ob-
servers’ x, y, and z positions for each measured period.
The small FOB receiver was attached to a 1 m circular
length of cord that was placed around the observers’
neck, with several small metallic disks serving as coun-
terweights to keep the tracker �rmly in place. The FOB
was connected to a standard PC running custom soft-
ware that controlled both the video players and sampled
the x, y, and z positions at 12.5 Hz. (See �gure 1.)

2.3 Design

Three factors were studied via this experiment.
Two factors—stereoscopic presentation and image mo-
tion—were manipulated as within-subjects (repeated
measures) factors in this experiment, whereas the third
factor, screen size, was studied as a between-subjects
factor by comparing the results of the current experi-
ment with recently published results (Freeman et al.,
2000). To enable a comparison between the two data
sets, all other experimental factors were kept equal as
much as possible. Thus, the current experiment employs
the same experimental design, instructions, stimuli, and
measurement methods as Freeman et al. (2000).

The two within-subjects factors that were manipulated
in this experiment both had two levels: (i) viewing condi-
tion: monoscopic or stereoscopic; and (ii) image motion:
still or moving. The four resulting trials (mono-still,
mono-moving, stereo-still, stereo-moving) were fully
counterbalanced with the only constraint on presentation
order being that no participant could see two moving or
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two still stimuli consecutively. This was done to minimize
the possibility of motion sickness with the moving stimuli.

2.4 Stimuli

The moving video consisted of a 100 sec. excerpt
from a rally car sequence, which was �lmed for the
ACTS MIRAGE stereoscopic documentary Eye to Eye
(1997). The stimulus was a continuous piece of footage
(without edits) shot by a small stereoscopic camera posi-
tioned on the hood of a rally car traveling at speed
around an offroad rally track. (See �gure 2.)

This video was selected because it included large
amounts of motion parallax from the speed the car was
traveling. Although the predominant movement was in
the forward direction, there were a number of sharp left
and right turns at which substantial lateral movement
was present. The stimulus is thus capable of evoking
lateral postural responses based on the direction of the
centrifugal acceleration. The still video stimulus con-
sisted of a still frame from the Eye to Eye footage, where
the camera is situated by the side of the rally track

awaiting the rally car to drive by. This stimulus had the
advantage that it could still make sense from an ecologi-
cal validity point of view. One could imagine actually
standing at the side of the track, looking out over it. For
stereoscopic presentation of the stimuli, both right- and
left-eye video streams were played, whereas, for mono-
scopic presentation, the left-eye video stream was pre-
sented to both eyes. Participants were required to wear
polarized spectacles for all stimulus conditions.

For all conditions, the video was accompanied by a
synchronized, nondirectional audio track. For the mov-
ing video stimulus, this track consisted of sounds from
the car’s engine, gear changes, and clattering from
stones hitting the underside of the car. The same audio
track was used at a slightly lower sound intensity for the
still video stimulus, thus giving the impression of a rally
car driving somewhere in the distance. The lower sound
intensity was chosen for the still video stimulus because
playing it at the same volume as for the moving video
stimulus resulted in a very unnatural perception, with
no clear link between audio and video.

Figure 1. Schematic diagram of the laboratory set-up illustrating the observer’s position in relation to

the display. The observer’s area of the laboratory was completely blacked out during the experimental

sessions, with the only illumination coming from the projection display.
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2.5 Measurement

The dependent measures included subjective rat-
ings of presence, vection, and involvement. Also, a sub-
jective rating of (motion) sickness was included for con-
trol purposes, to be able to identify those participants
that were sensitive to motion sickness, because this
could potentially in�uence their subjective experience as
well as their postural stability. All subjective ratings were
performed by placing a rating line somewhere along a
visual analog rating scale, which was converted to a
number from 0 to 100 after the experiment. The verba-
tim instructions were “Place a mark across the rating

scale according to how you feel. The mark should indi-
cate how you feel relative to the two extremes.” Figure
3 shows the presence rating scale as it was used in the
experiment. Similar rating scales were used for involve-
ment, vection, and sickness, each with different ques-
tions and rating scale endpoints. These were (i) for in-
volvement: “How involved were you in the displayed
sequence?” (Not at all involved–Completely involved);
(ii) for vection: “To what extent did you feel that you
were moving along the track, as though you were travel-
ing with the car?” (No sense of motion–Strong sense of
motion); and (iii) for sickness: “To what extent did
watching the sequence make you feel sick?” (Not at all
sick–Very sick).

In addition to the subjective measures, postural re-
sponses were measured as a potential objective corrobo-
rative measure of presence, using the FOB magnetic
position tracker. Because our moving stimuli displayed

Figure 2 top. Lightweight stereoscopic camera used to shoot the

rally car sequence, mounted on the windshield (reprinted with

permission of Independent Television Commission).

Figure 2 bottom. Sample frame from the moving video stimulus.

Figure 3. The presence rating scale as it was used in the

experiment. Participants were asked to place a mark on the rating

scale according to how they felt, relative to the two extremes.
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left and right turns in rapid forward motion, the pos-
tural response that was of primary interest to us was in
the lateral direction; that is, the lateral movements that
Ohmi (1998) reported were related to the perception of
centrifugal acceleration.

2.6 Procedure

On arrival at the laboratory, participants received
instructions that they were required to watch a number
of short videos and that their responses would be moni-
tored. They were asked to stand still in a relaxed, up-
right position with their feet placed within marker lines
on the �oor, indicating a distance of 2 m to the stereo-
scopic projection display. After each 100 sec. sequence,
the screen cut to black and a small light was switched on
to allow the participants to �ll out the rating scales relat-
ing to the stimulus they had just watched. After the four
sequences were completed, the experimenter tested the
participant’s stereoacuity. This was done after the exper-
iment in order not to prime participants on stereoscopic
or 3-D material, because this may act as a demand char-
acteristic and in�uence subsequent presence ratings
(Freeman et al., 1999).

3 Results

3.1 Subjective Ratings

Figure 4 presents the group mean ratings for pres-
ence, vection, involvement, and sickness, for each of the
four experimental conditions. Error bars re�ect standard
error of the mean. A two-way ANOVA (that is, with
viewing condition and motion as factors, each with two
levels) was carried out on the raw subjective ratings to
test the main effects and interactions for statistical sig-
ni�cance. The results revealed a signi�cant effect of ste-
reoscopic presentation on presence ratings (F(1,23) =

6.811, p < 0.05), but not on ratings of vection, in-
volvement, or sickness. Motion had a large and signi�-
cant effect on the subjective judgments of presence
(F(1,23) = 84.725, p < 0.001), vection (F(1,23) =

155,80, p < 0.001) and involvement (F(1,23) =

68.723, p < 0.001). The effect size of motion was con-

siderably larger than that of stereoscopic viewing. There
was a small, nonsigni�cant effect of motion on reported
sickness (F(1,23) = 3.318, p = 0.082), with overall
levels of reported sickness being low. No signi�cant in-
teraction between viewing condition and motion was
found for any of the subjective ratings.

3.2 Postural Responses

In analyzing the postural responses, we �rst had to
remove a high-frequency noise component from the
recordings, which was due to induction from the video
apparatus. It was removed by applying a moving-
average �lter to the individual position data. The win-
dow size of this averaging procedure was 1.04 sec., so,
for each smoothed position, thirteen data points were
averaged together. The total distance moved in each
condition was then calculated across each 100 sec. mea-
surement period per observer. We found that a number
of observers produced unreliable postural responses, in
that they showed large, sudden peaks in the lateral di-
rection, which indicated the participant had taken a
(small) step to the left or right. This was potentially a
compensating movement to keep balance. Although
such a break in postural stability may be caused by the
visual stimulus (comparable to participants falling off
the beam in the Lee and Lishman (1975) study), we
were unable to identify a pattern in the frequency or
size of these peak responses in relation to the presented
stimuli. Given the extraordinary impact of these peaks
on the analysis of the data set, however, we decided to
exclude from further analyses those participants that
showed, in one or more conditions, a lateral movement
larger than plus or minus 10 cm. Using this criterion,
the data of sixteen participants were further analyzed.

The top of �gure 5 illustrates the effects of motion
and viewing condition on the group mean lateral pos-
tural responses using the large screen size (50 deg. hori-
zontal FOV). To allow a comparison, the bottom of
�gure 5 illustrates the postural response data from Free-
man et al. (2000), for the smaller screen size (28 deg.
horizontal FOV). The comparison between the two
data sets will be discussed in more detail in section 3.3.
The effects of motion and viewing condition were in the
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expected direction, that is, larger postural responses for
moving than for still video and larger postural responses
for stereoscopic than for monoscopic presentation.
However, given the large error, these results failed to
reach signi�cance using a two-tailed, paired-samples
t-test, although, for the stereoscopic condition, the mo-
tion-level comparison (still versus moving) approached
signi�cance (t = 1.826, df = 15, p = 0.088).

The prediction advanced in the introduction to this
experiment stated that there would be larger lateral pos-
tural responses to lateral movement within the video.
Analyzing postural responses across the full 100 sec.
stimulus included a substantial proportion of the stimu-
lus in which there was no lateral car movement, only
forward movement of the car on the rally track. To en-
able a more sensitive analysis, the group mean postural
responses were split for two different portions of the
video stimulus: curved sections (that is, the + /2 1 sec.

around each turn the rally car made), and noncurved
sections (the remaining duration of the 100 sec. stimu-
lus). A more accurate statement of the prediction ad-
vanced in the introduction is now possible; namely that
stereoscopic presentation will enhance observers’ lateral
postural responses relative to monoscopic presentation
for curved sections of the moving stimulus, but less so
for the noncurved sections.

Figure 6 shows the group mean average swaypath in
centimeters per second, to enable comparison between
the “at bends” section, re�ecting postural responses
over a total of thirty curves (that is, sixty seconds) and
the “at straights” section, re�ecting postural responses
over the remaining forty seconds. It can be seen from
�gure 6 that the overall postural responses across condi-
tions are higher for the curved sections relative to the
noncurved sections of the video stimulus. Figure 6 also
illustrates that the motion enhancement—the difference

Figure 4. Effects of viewing condition and image motion on the group mean subjective ratings of presence, vection, involvement, and

sickness. Bars indicate standard errors.
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between moving and still video—is negligible for the
monoscopic condition during the noncurved sections
and most pronounced for the stereoscopic condition
during the curved sections. The motion enhancement
for stereoscopically presented noncurved sections is
equal to the motion enhancement for monoscopically
presented curved sections.

A statistical analysis of the results (three-way ANOVA
with road type, motion, and viewing condition as fac-
tors) showed a signi�cant main effect of road type
(F(1,15) = 10.457, p < 0.01) and a signi�cant interac-
tion between road type and motion (F(1,15) = 4.882,
p < 0.05). A two-tailed, paired-samples, t-test revealed
a signi�cant effect of motion in the stereoscopic presen-
tation of the curved video section (t = 2.260, df = 15,
p < 0.05).

As was argued in the introduction, a promising ap-
proach to measuring presence is the combination of
both subjective and objective measures in order to arrive
at an aggregate measurement that is both reliable and
valid. Therefore, the relation between subjective and
objective corroborative measures of presence is of inter-
est. Although the subjective and objective measurement
results averaged across observers suggest a positive rela-
tionship (compare �gures 4 and 5a), the correlation be-
tween the two types of measurement across the four
experimental conditions demonstrated no relationship
(Pearson’s r = 2 0.015). When analyzed at an individ-
ual level, �ve participants (of the sixteen analyzed)
showed a signi�cant correlation, four of which were
positive and one of which was negative. A potential pos-
itive relationship between the subjective and objective
corroborative measures may have been obscured by the
noise in the results of the postural response measure.

3.3 Comparison with Freeman et al.
(2000): Effects of Screen Size

When comparing the subjective results of the
present study, employing the large screen (50 deg.
FOV), with the results from our earlier experiment us-
ing a much smaller screen (28 deg. FOV), both experi-
ments can be regarded as one experiment with 48 par-
ticipants and in which screen size is a between-subjects
factor and viewing condition and motion are within-
subjects factors. In �gures 7 and 8, subjective data from
both experiments are plotted together for presence and
for vection, respectively, which are the two dependent
variables that are of most interest at this point. Figure 7
illustrates a large effect of screen size on the subjective
sense of presence, but only for the moving video stimu-

Figure 5 top. Effects of image motion and viewing condition on

the group mean lateral postural responses (n = 16).

Figure 5 bottom. Data from Freeman et al. (2000). Effects of

image motion and viewing condition on the group mean lateral

postural responses (n = 24).
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lus. For still video, both screen sizes give identical re-
sults. This result was supported by a repeated-measures
ANOVA (two factors within-subjects: viewing condition
and motion; one factor between-subjects: screen size)
which revealed a signi�cant effect of screen size on pres-
ence (F(1,46) = 4.714, p < 0.05) as well as a highly
signi�cant interaction between screen size and motion
(F(1,46) = 11.449, p = 0.001). The effects of screen
size on vection, illustrated in �gure 8, were somewhat
less pronounced. Statistically, the interaction between
viewing condition and screen size was signi�cant
(F(1,46) = 6.211, p < 0.05) and the main effect of
screen size almost reached signi�cance (F(1,46) =

3.185, p = 0.081).
The group mean lateral postural responses showed

similar trends in both studies (compare �gures 5a and
5b). A Mann-Whitney U test, a nonparametric test for
two independent samples, revealed no statistically signif-
icant differences between the two studies in terms of the
postural responses; thus, comparing the studies failed to
demonstrate an effect of screen size on the objective
corroborative measure of presence.

4 Discussion

The signi�cant effect of both stereoscopic presen-
tation and image motion on presence is consistent with
results from earlier experiments showing independent
effects of stereo and motion on subjective presence rat-
ings (Hendrix & Bar�eld, 1996; IJsselsteijn et al., 1998;
Freeman et al., 1999). When comparing the current
subjective presence results to the results reported in
Freeman et al. (2000), we also found a signi�cant
between-subjects effect of screen size on subjective pres-
ence ratings, in line with earlier studies (Prothero &
Hoffman, 1995). The effect of screen size was, in fact,
only apparent for the motion conditions: for still video,
there was no effect of screen size on subjective presence
ratings. This may be explained by the fact that the
screen size enhances the psychological impact of motion
stimuli, because a larger portion of peripheral vision is
being stimulated. The peripheral retina is known to be
especially sensitive to high-velocity stimulus motion
(Brown, 1972; Bhatia, 1975), as was the case with the
stimuli used in our experiment.

Figure 6. Effects of image motion and viewing condition split for the noncurved and curved sections of the video stimulus, expressed in

postural response per second.
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Vection ratings were clearly and signi�cantly affected
by the image motion of the stimulus, whereas stereo-
scopic presentation had no signi�cant effect on vection.
These results are in line with previous experimental re-
sults on vection of our own (Freeman et al., 2000) and

of Ohmi (1998). They are in con�ict, however, with
Palmisano (1996) who reported increased vection with
stereoscopic presentation using moving-dot stimuli.
Simple explanations for this discrepancy might be a dis-
sociation between online and post-test measures, or be-

Figure 7. Comparison of the group mean subjective presence ratings from Freeman et al. (2000) with

the subjective presence ratings from the current study.

Figure 8. Comparison of the group mean subjective vection ratings from Freeman et al. (2000) with

the subjective presence ratings from the current study.
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tween subjective judgments and reaction-time measures.
For example, it is possible that a latency measure, as
used by Palmisano, would reveal an effect of viewing
condition on vection. Alternatively, however, the dis-
crepancy in results between our studies and that of
Palmisano (1996) may be an interesting consequence of
using real-world visual stimuli. In our video stimuli, spa-
tial layout is speci�ed by many cues such as interposi-
tion, texture gradients, and perspective. Palmisano’s
moving-dot stimuli had none of these cues. His mono-
scopic display can be regarded as quite ambiguous with
respect to the array of dots, which could have been per-
ceived as expanding outwards at an accelerating rate in
the display plane, or coming towards the observer. In
Palmisano’s stimuli, stereo �xed the position of each
point source in space, emphasizing the movement of the
dots towards the observer. It is thus possible that, in the
absence of other sources of information signaling the
direction of movement, stereoscopic information can
drive vection, as shown by Palmisano (1996). In our
studies, as in Ohmi (1998), many other sources of in-
formation were available that signaled movement to-
wards the observer. It is possible that, as such cues were
present, adding stereo had no discernible effect on vec-
tion. Taken together, our results and those of Ohmi and
Palmisano support the idea that vection is controlled by
the extent of information in a display conveying motion
towards an observer.

Involvement ratings followed a pattern similar to that
of presence, although whereas stereoscopic presentation
signi�cantly enhanced presence, it did not affect in-
volvement signi�cantly. Recent factor-analytic insights
into the structure of presence suggest that involvement
constitutes part of the presence experience. Schubert et
al. (1999) arrived at a three-factor solution for the pres-
ence construct: “spatial presence,” “involvement,” and
“realness.” Lessiter et al. (2000) identi�ed a very similar
factor structure for presence: “physical space,” “engage-
ment,” “naturalness,” and “negative effects.” It makes
sense to assume that stereoscopic presentation has a
more pronounced effect on the spatial presence/physi-
cal space component of presence relative to the involve-
ment/engagement component.

The postural results provided weak support for the

hypothesis that adding stereoscopic information may
increase the postural responses to displayed motion, in
line with the subjective results and results from earlier
experiments. The results from the curved/noncurved
split seem to suggest that lateral motion in the image
and stereoscopic presentation both have an independent
effect on observers’ lateral postural movements, and that
they are summated linearly when combined.

The fact that the postural responses did not differenti-
ate between different screen sizes does not bode well for
the utility of postural responses as an objective corrobo-
rative measure of presence. This is especially relevant
given the fact that the current results underline the im-
portance of screen size for subjective presence ratings.
However, we cannot be conclusive in either embracing
or discarding postural responses as a potential measure
of presence. First, the postural responses measured in
the current study were quite noisy, leading us to discard
eight out of twenty-four participants from further analy-
sis. Perhaps a different measurement technique of pos-
tural responses, such as a balance platform or stabilome-
ter, would provide a more stable measure in this regard.
Another option would be to have participants sit down
in a car seat that contains an array of pressure sensors to
measure the change in weight distribution as the partici-
pant’s body moves to compensate for the illusory cen-
trifugal forces generated by the visual display. With the
rally car material used in the current experiment, this
measurement method would have the added advantage
of being matched to the stimulus context, thereby in-
creasing the ecological validity of the experiment.

Second, an additional issue of concern is that the
larger display also illuminated more of the ambient �eld
(the otherwise darkened laboratory) than did the
smaller display, thus potentially providing orientation
cues that may have compensated for an effect of screen
size on postural responses. To investigate this possibil-
ity, an experiment will need to be performed using, for
instance, a head-mounted display with the ability to
completely exclude the physical world, so that a larger
�eld of view does not result in greater illumination of
the surrounding area.

In sum, the experiment presented in this paper has
clearly shown effects of stereoscopic presentation, image
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motion, and screen size on subjective presence ratings.
The effect of screen size was only apparent when mo-
tion stimuli were used, an effect attributed to the in-
creased motion sensitivity of peripheral vision. Ratings
of self-motion did not increase signi�cantly with stereo-
scopic presentation, which can be explained by the vi-
sual richness of our video stimuli. With our stimuli, ste-
reo could not provide much additional movement
information, unlike the moving-dot stimuli Palmisano
(1996) used. From the point of view of objective mea-
surement of presence, the current results were some-
what disappointing. Although observers’ postural re-
sponses appeared to be sensitive to stereoscopic
presentation relative to monoscopic presentation, there
was no between-subjects effect of screen size. Such an
effect would clearly be expected, both from the litera-
ture as well as from our own subjective presence ratings.
However, further experimentation is needed to be able
to be more conclusive about the utility of postural re-
sponses as an objective corroborative measure of pres-
ence.
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