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Putting the Virtual into Reality:
Assessing Object-Presence with
Projection-Augmented Models

Abstract

A projection-augmented model is a type of nonimmersive, coincident haptic and

visual display that uses a physical model as a three-dimensional screen for projected

visual information. Supporting all physiological depth cues and two sensory modali-

ties should create a strong sense of the object’s existence. However, conventional

measures of presence have been de�ned only for displays that surround and isolate

a user from the real world. The idea of object-presence is thus suggested to mea-

sure “the subjective experience that a particular object exists in a user’s environ-

ment, even when that object does not” (Stevens & Jerrams-Smith, 2000). A correla-

tion study was conducted to demonstrate the reliability and validity of object-

presence as a construct. The results of a modi�ed Singer and Witmer Presence

Questionnaire suggest the existence of a reliable construct that exhibits face validity.

However, the Presence Questionnaire did not correlate signi�cantly with a user’s

tendency to become immersed in traditional media, which would support the asser-

tion that this construct was object-presence. Considering previous work, the results

of the current correlation study exhibited a pattern evident in previous studies of

presence suggesting that object-presence and presence could be gender biased by

the task to be completed or by the presence measure.

1 Introduction

Projection-table displays are localized in space, and serve as “functional
alters” (Underkof�er, 1997) for information. The term projection-table is de-
�ned here as a generic environment �xed display device that projects visual
information onto a screen arranged in a table, desk or workbench con�gura-
tion. This de�nition precludes vertical displays such as conventional projector
screens. However, it includes systems such as the ImmersaDesk that use a rear-
projected screen angled at forty-�ve degrees, in a drafting-table format (Czer-
nuszenko et al., 1997). A more typical setup, however, would project visual
information onto a horizontal screen. The �rst of this type of nonimmersive
virtual reality display was the Responsive Workbench, which was designed to
allow a user to focus attention onto a task rather than attempting to simulate
the user’s working environment within the computer (Krueger & Froehlich
1994).

Projection-table displays have the potential to present dynamic three-dimen-
sional objects, although they have a number of disadvantages. To support
most physiological depth cues, such as stereopsis and motion parallax, a user’s
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point of view needs to be established with some form of
tracking device. This information is used to create and
present an appropriate image for each eye, although,
because two images are presented, special glasses are
needed to �lter out the incorrect image (Krueger &
Froehlich, 1994). To present the correct perspective
information to each simultaneous user requires multiple
sets of these devices, which can prove costly in terms of
equipment, processing power, and time (Agrawala et al.,
1997).

A novel display paradigm is suggested to solve some
of the problems associated with conventional nonim-
mersive displays. Referred to hereafter as a projection-
augmented model, this display uses a simpli�ed physical
model as a three-dimensional screen for graphical infor-
mation projected onto its surface. This de�nition does
not restrict the size, shape, or orientation of a display,
although the focus of this paper is limited to devices
arranged in a projection-table format.

Two examples have been proposed (�gure 1). Table-
Top Spatially Augmented Reality uses static wooden or
cardboard blocks as surrogate objects (Raskar, Welch, &
Chen, 1999), whereas The HapticScreen is a dynamic
version whose rubber screen can deform to approximate
the shape of a required object (Iwata, 1998). Both static
and dynamic displays use relatively low-resolution mod-
els, although the projected image provides a more real-
istic visual representation of the object’s surface. The
visual image can also be altered easily, like a conven-
tional display, but, because it is presented on the surface
of an object, all physiological depth cues are supported

for multiple users. The physical object can also be
touched, which provides coincident haptic and visual
information. If a projection-augmented model supports
multiple visual cues or two sensory modalities consis-
tently, it should create a strong sense of palpability
(Hinckley, 1996) or awareness that the object exists. It
is important to note that, in this context, the awareness
that an object exists relates to the combination of physi-
cal object and visual information, not the existence of
the physical object alone.

One of virtual reality’s key bene�ts is its ability to in-
duce a sense of presence. Presence forms an important
subjective measure of a user’s virtual experience, al-
though it is useful only in relation to performance (Ellis,
1996). It is assumed that the more natural the display
feels, the greater its usefulness (Lombard & Ditton,
1997). This naturalness may better enable a user to uti-
lize real-world skills in a virtual environment, and it may
help to transfer learning from the virtual environment
back into the real world (Slater, Linakis, Usoh, &
Kooper, 1996). Research has concentrated on immer-
sive virtual environments because nonimmersive dis-
plays, including projection-tables and projection-aug-
mented models, may create a lower sense of presence.
However, this lower sense of presence is based on a def-
inition of presence that requires a user to feel as if they
are in a different environment from the real world.

This paper suggests an alternative de�nition for pres-
ence that is more appropriate for nonimmersive displays.
This de�nition assesses the sense that an object exists,
although some of the factors that affect presence in an
immersive environment are also applicable and will thus
be reviewed �rst.

2 Presence and Object-Presence

2.1 Presence in Immersive Virtual
Environments

Presence can be generally de�ned as the “subjec-
tive experience of being in one place or environment,
even when one is physically situated in another” (Wit-
mer & Singer, 1998, p. 225). A number of factors are
thought to contribute to a sense of presence, and these

Figure 1. Table-Top Spatially Augmented Reality (Raskar, Welch, &

Chen, 1999) and The HapticScreen (Iwata, 1998).
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can be organized into various classi�cation schemes. A
technologically orientated classi�cation proposed by
Sheridan (1992, 1996) suggests that presence determi-
nates are the �delity of sensory information, the ability
to modify sensor orientation, and an ability to modify
the environment. However, Heeter’s user-oriented
viewpoint (1992) suggests a higher-level organization
scheme based on “personal presence” (the perception of
self at a given location), “social presence” (the existence
and reaction of other characters), and “environmental
presence” (the contextually appropriate reaction of the
environment to the user’s existence). These two
schemes are indicative of the differing focuses in pres-
ence research, although they contain some similar ele-
ments. This paper focuses on the user-oriented view-
point, although it also considers the task to be
attempted as Sheridan (1992) suggests that it may also
be a determinate of presence.

2.1.1 Personal Presence. A user’s ability to be-
lieve that they inhabit a virtual environment remote
from the real world in which their physical self exists is
based on a number of exogenous and endogenous fac-
tors (Slater & Usoh, 1993).

Visual realism may be the objective of some virtual
reality systems but “there is more to presence than real-
ity” (Heeter, 1992, p. 269). It has been shown that a
sense of presence is correlated to scene depth (Nichols,
Haldane, & Wilson, 2000) and thus requires the addi-
tion of sensory cues such as motion parallax and depth
of focus to “activate the major space-related psychologi-
cal responses and physiological re�exes” (Ellis, 1996, p.
299). Presence is the “perceptual illusion of nonmedia-
tion” (Lombard & Ditton, 1997) so elements that re-
mind users that they are not viewing an environment
directly should be eliminated because “presence occurs
when the sensory data supports only the interpretation
of being somewhere other than where the sense organs
are located” (Loomis, 1992, p. 117). This could be
achieved with a high-resolution, large �eld-of-view dis-
play that creates an unnoticeable sensation of being
worn (Held & Durlach, 1992).

The presentation of information across multiple sen-
sory modalities can create a strong sense of presence,

although the information channels need to be consis-
tent with each other and with previous experience
(Held & Durlach, 1992; Ellis, 1996). Indeed, Zeltzer
(1992) de�nes presence as a “lumped measure of the
number and �delity of available sensory input and out-
put channels” (p. 128). Sensory modalities such as audi-
tion and haptics should be treated in a similar manner
to vision. It should be possible for a user to reposition
all sensors with respect to the environment (Sheridan,
1992, 1996) in order to perceive high-resolution, high
dynamic range, and high-bandwidth information with
low latency (Ellis, 1996).

For most people, the distinction between self and
non-self occurs at the boundary of the body (Loomis,
1992). Creating a virtual form, or avatar, for a user
should create a stronger sense of presence (Heeter,
1992). However, this only occurs given a suf�ciently
high correlation between efference and afference,
whereby the user’s actions correspond to movements of
the avatar and movements of the avatar can be perceived
by the user (Held & Durlach, 1992). A representation
that resembles the user’s real appearance may also in-
crease presence, although Heeter (1992) refers to Lani-
er’s surprise at how quickly users adapted to being rep-
resented by a nonhuman form, such as a lobster.

A number of factors responsible for presence may be
beyond the control of virtual environment designers. A
user is generally aware that the virtual environment is a
technological construction, so the experience of pres-
ence in a virtual environment can be achieved only
through a suspension of disbelief (Bates, 1992; Slater &
Usoh, 1993). Presence is thus dependent on the user’s
willingness and ability to become involved, a psycholog-
ical state that can be destroyed by distracting emotions
and events that result from outside of the virtual envi-
ronment (Witmer & Singer, 1998).

Conversely, presence can be enhanced if the virtual
environment creates an emotional response such as dan-
ger (Slater & Usoh, 1993) or enjoyment (Bar�eld &
Weghorst, 1993). These responses are dependent on
the predisposition of the user to particular emotions,
psychological states, or other personality characteristics
(Lombard & Ditton, 1997). Interestingly, negative side
effects that reduce presence—such as dizziness (Bar�eld
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& Weghorst, 1993) or nausea (Singer & Witmer,
1996)—seem to be more prevalent in immersive virtual
reality systems that isolate a user from the real world in
order to remove external distractions, than it is in non-
immersive displays. Repeated exposure to a virtual envi-
ronment can reduce the symptoms of some side effects
over time, which should then increase presence. Experi-
ence can also affect presence more directly, particularly
if the connection between actions and events is complex
and needs to be learned (Held & Durlach, 1992). A
sense of having “been there before” may increase the
chances of going “there” again (Heeter, 1992, p. 265).

2.1.2 Social Presence. The reaction, to a user,
of other entities in a virtual environment can provide
evidence for a user’s existence and hence increase pres-
ence (Heeter, 1992). Bates (1992) suggests taking les-
sons from traditional media, in which characters por-
trayed with “intelligence and emotion . . . let the viewer
see the world as a place of life, purpose and feeling” (p.
133). Although a correlation between presence and
copresence has been demonstrated in a follow-up study
(Tromp et al., 1998), the association was not signi�-
cant, and a more realistic avatar reportedly scared a user
because its appearance con�icted with its unrealistic
movement. These studies concentrated on interaction
among groups of users in a virtual environment but arti-
�cially intelligent agents can also be used (Bates, 1992).

2.1.3 Environment Presence. The extent to
which an environment automatically reacts to a user can
“provide evidence that [a user] exist[s]” in a similar
manner to social presence (Heeter, 1992, p. 265).
However, one of the key determinates of presence, and
a more important factor from an environment design
perspective, is a user’s ability to manually modify the
environment (Sheridan, 1992, 1996). The methods for
changing an environment should be simple or easy to
learn (Loomis, 1992), and there should be a high corre-
lation between a user’s actions and the virtual environ-
ment’s responses (Held & Durlach, 1992). A sense of
presence thus seems to be ultimately dependent on an
environment’s content, geometry, and dynamics (Ellis,
1996). However, presentation style (Bates, 1992) and

long-term dramatic structure (Slater & Wilbur, 1997)
have also been proposed, although the latter is dif�cult
for nonlinear “stories” (Bates, 1992). Presentation style
includes techniques such as shot length, the distance of
objects and entities from the user, and rapid point-of-
view movement (Lombard & Ditton, 1997).

2.1.4 Task Factors. Virtual reality is used for a
wide range of tasks from the practical to the emotional
(Waterworth, 1999), so the task to be completed will
also affect a user’s sense of presence (Sheridan, 1992).
Zeltzer (1992) suggests that presence can be deter-
mined only by asking where and for what purpose a user
should be present and then �nding the minimum set of
factors to create presence for that task. Even though
presence forms an important subjective measure of a
user’s virtual experience, the conventional de�nition of
presence suggests that nonimmersive displays are inade-
quate, even for tasks that do not require the user to be
immersed in a virtual environment.

A new measure is needed to assess presence for non-
immersive displays that will more closely consider task
requirements and how naturally a display supports a
user. “It is here” is the idea that a display medium
brings an object or person to the user (Lombard & Dit-
ton, 1997). This idea has been investigated for conven-
tional television programs (Millerson, cited in Lombard
& Ditton, 1997), where it assesses the belief that the
actual object being displayed exists within the television
set. However, this concept also provides a useful mea-
sure for nonimmersive displays where the object appears
to be in the user’s physical environment, instead of in-
side the display.

2.2 Object-Presence

Witmer and Singer (1998) state that presence in a
virtual environment is dependent on immersion and
involvement. Although Slater and Wilbur (1997) sug-
gest that one of the key components of immersion is the
extent to which a virtual environment surrounds the
user. However, a virtual environment is constructed
from objects, which permits the Witmer and Singer def-
inition of presence to be rewritten as “the subjective
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experience of being co-located with a set of objects, even
when one is physically not in such a situation”. If this
de�nition is used, the implication that the user should
be surrounded, inherent in the concept of environment,
is replaced with the idea that a user should have a sense
of being “with” an object.

Consider the other component of immersion as sug-
gested by Slater and Wilber (1997). The quality of a
display (“vivid”), the range of sensory modalities (“ex-
tensive”), and the correspondence between the user’s
actions and displayed information (“matching”) are all
aspects of how naturally a display supports a user. These
components are not unique requirements for immersive
displays. Indeed, the only other factor unique to immer-
sion—apart from the ability to surround a user—is the
extent to which a user is removed from reality (“inclu-
sion”). Thus, the difference in presence between immer-
sive and nonimmersive displays results from a display
surrounding and isolating a user. However, some tasks
do not require the user to be surrounded or isolated.

Following the style used by Witmer and Singer
(1998), “the subjective experience that a particular ob-
ject exists in a user’s environment, even when that ob-
ject does not” will be termed object-presence (Stevens &
Jerrams-Smith, 2001, p. 196). It should be noted that
this de�nition does not distinguish between real or vir-
tual objects or environments. Thus, object-presence
applies to immersive virtual reality; although, in this
case, object-presence and presence would be different
views of the same concept. More interesting, though, is
the subjective experience that an object exists in the real
world. This can be thought of as a special case of virtual
reality, in which the user is colocated with a virtual envi-
ronment (�gure 2), a situation that can be facilitated by
both nonimmersive and augmented reality displays.

Presence and object-presence have a close relation-
ship. Both can be conceptualized as types of transporta-
tion (Lombard & Ditton, 1997) wherein either the user
is transported to the virtual environment or the virtual
environment is transported to the user. Given the close
relationship between these two concepts, the classi�ca-
tion scheme proposed by Heeter (1992) will also be
used to investigate factors that may affect object-pres-
ence.

2.2.1 Personal Presence. In a similar manner
to presentation in an immersive virtual environment,
object-presence is thought to be linked to scene depth
and thus requires the display to support physiological
depth cues such as stereopsis, motion parallax, accom-
modation, and convergence. These depth cues will be
expected for close object viewing because they operate
most effectively within two meters (Rokita, 1996) and
are thus probably more important for nonimmersive
object displays than for immersive virtual environments.
A high-resolution display would be needed to support a
suitable depth range, and devices to simulate depth cues
or to track users should be as unobtrusive as possible.
Having an object occluded by the display’s edges would
also reduce object-presence. Therefore, a display with a
wide �eld of view would be desirable for this problem to
be con�ned to a user’s peripheral vision. However, even
though this would reduce distraction, it may not elimi-
nate it.

The presentation of consistent information using au-
dition as well as vision ought to provide corroboration
that what is seen actually exists. However, the existence
of an object in the real world is most strongly con�rmed
by being able to touch it, and the addition of haptic
information should give a strong sense of object-pres-
ence. Again, the user should be able to view the object
from any angle and “by moving the hand to a new con-
�guration or pattern of contact” (Sheridan, 1996, p.
243) to touch any surface and hence perceive an ob-
ject’s shape and ideally its texture.

Figure 2. Presence and object-presence.
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Perceiving the existence of an object in the real world
is a natural task that most people accomplish every day.
Therefore, the suspension of disbelief (Bates, 1992;
Slater & Usoh, 1993) that is required for object-pres-
ence is thought to be less challenging when compared
to that required to feel presence in an environment that
a user knows does not exist. No attempt is made to iso-
late a user, so it is unnecessary to provide an avatar for a
user to identify with. Also, the ability to become “in-
volved”, so easily destroyed by events that result from
outside of an immersive virtual environment, ought not
to be as volatile for object-presence. This is due to the
object and distracting event existing in the same reality.
The user is not trying to supplant one existence with
another, but only perceive a minor distortion in it. This
perception will be affected only if a confounding event
occurs in the display volume, such as passing a real ob-
ject through a virtual object. This type of event could be
eliminated once a user has learned how to interact with
an object-display. Object-presence should thus depend
on past experience with the display, although experience
with the object under investigation will also be a factor.

2.2.2 Social Presence. Object-presence could
also bene�t from social presence because “if the story
makes sense and doesn’t depend only on coincidence, if
the characters act in consistent and understandable
ways, if the actors skillfully and convincingly create their
personae, [then] the experience is more likely to ring
true” (Lombard & Ditton, 1997) Although this princi-
pally applies to interaction with a virtual human, the
character could be any non-object entity.

For example, if a virtual mouse scurries in from one
side of a display to sniff a virtual object, then the addi-
tion of another entity interacting with it may increase
the user’s sense of object-presence. This is a similar con-
cept to the virtual creature designed to increase pres-
ence in an immersive virtual reality application by notic-
ing a user and demanding to be picked up and thrown
(Delany, cited in Heeter, 1992). However, Heeter sug-
gests that the characteristics and interactions supported
by an entity may affect presence. This may also be true
for object-presence and, given the previous example, a
user’s attitude to mice may be a strong positive or nega-

tive in�uence. This effect may be most strongly felt if
the user has a phobia, as it has been shown that strong
emotions such as fear can affect presence (Slater &
Usoh, 1993).

2.2.3 Environment Presence. One of the key
elements of object-presence is the ability to interact with
an object. The methods for exploring or manipulating
an object should involve natural gestures with a high
correlation between a user’s actions and the display’s
response. Presence in an immersive virtual reality re-
quires a long-term structure (plot) that can be enhanced
by isolating a user from the real world (Slater & Wilbur,
1997). Isolation allows a virtual environment to be pre-
sented with no distractions, although in one study users
who incorporated external distractions into the virtual
environment reported the highest sense of presence
(Slater & Wilbur, 1997). This suggests that presence is
more dependent on coherence rather than immersion,
although immersion isolates a user from distractions and
hence maintains coherence. Thus, object-presence can
be enhanced either by isolating a user from reality, or,
more interestingly, by providing a display that accom-
modates external events, rules, and objects into a struc-
ture coherent with the object being presented. A blur-
ring of the boundaries between a virtual environment
and the real world will ultimately maintain coherence
because all events will take place in the same reality.

2.2.4 Task Factors. Object displays can be used
to view the components of an atom or the formation of
the universe. Although it is possible to present an atom
and a planet at the same size, the change in scale may
affect object-presence. This effect may be particularly
noticeable for familiar objects presented at the wrong
scale. Indeed, familiarity with an object, as with the dis-
play itself (Lombard & Ditton, 1997), may have addi-
tional effects. If a user has never experienced an object’s
existence, it may have less meaning and hence less ob-
ject-presence (Hoffman, Prothero, Wells, & Groen,
1998). Conversely, a user familiar with a real-world ob-
ject may notice inaccuracies in its virtual representation
with a similar result. Naturally, tasks that try to create
the sense that an object exists in the real world should
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not require the user to be surrounded by a virtual envi-
ronment, but consistency between a task and the dis-
play’s surroundings may increase object-presence.

3 Correlation Study

3.1 Aims

This study is an initial investigation to determine if
object-presence is a reliable and valid construct that can
be measured for projection-augmented models. Object-
presence, de�ned as the subjective sensation that an ob-
ject exists in the user’s environment, has a close rela-
tionship with presence in an immersive virtual
environment (Lombard & Ditton, 1997). Hence, if ob-
ject-presence is a reliable and valid construct, the same
measures should be applicable. Objective measures such
as eliciting a “startle response” (Held & Durlach,
1992), the awareness of real-world distractions (Nichols
et al., 2000), or distinguishing between a virtual envi-
ronment and a real-world scene (Schloerb, 1995; Sheri-
dan, 1996) have been proposed. However, presence is a
mental state, and, as such, it has been suggested that its
fundamental measure is subjective response (Sheridan,
1992).

This study therefore attempts to ascertain whether a
reliable and valid construct can be measured from a us-
er’s subjective responses to existing presence measures.
Object-presence for this study pertains to the combina-
tion of physical object and visual information, not the
existence of the physical object alone. As a subjective
response, object-presence is likely to be in�uenced by
user variation. Thus, a valid measure of object-presence
should also correlate with a user’s predisposition to be-
come involved and immersed in other media.

3.2 Measures

A number of subjective presence measures have
been developed, ranging from simple post-test ratings
that directly ask for the participants’ sense of “being
there” (Slater & Usoh, 1993; Hendrix & Bar�eld,
1995) to full-scale questionnaires (Lessiter, Freeman,
Keogh, & Davidoff, 2000; Lombard et al., 2000). The

Singer and Witmer (1996) Presence Questionnaire
(PQ) was chosen because it has been shown to be statis-
tically reliable and valid in a number of studies (Witmer
& Singer, 1998; Nichols et al., 2000; Sallnäs, 1999). In
addition, unlike simple post-test ratings, it does not re-
quire a participant to understand the concept of pres-
ence in order to complete it.

However, the PQ is not without criticism. In one
study, no signi�cant difference was found between the
presence rating for a task completed in a real of�ce or a
virtual simulation of it (Usoh, Catena, Arman, & Slater,
2000). A simple post-test rating scale, which more di-
rectly asked for the participants’ sense of presence, pro-
duced similar although marginally signi�cant results.
This inability to distinguish between a real or virtual
environment may be attributed to the apparent irrele-
vance of PQ questions to a real-life scenario, such as:
“Overall, how much did you focus on using the display
and control devices instead of the virtual experience and
experimental tasks?” It has been shown, in a separate
study, that presence scores are affected when partici-
pants fail to understand the relationship between a
question and experience, and hence generate a score
based on a personal interpretation of the question
(Freeman, Avons, Pearson, & IJsselsteijn, 1999). This
effect was noted during the pilot study, and, conse-
quently, the language used for the PQ questions was
altered to better match the experimental scenario. The
PQ has been shown to measure a subjective construct
(Witmer & Singer, 1998), not simply a score for speci�c
questions; thus, by preserving the focus of the questions
themselves, it is assumed that the conceptual construct
is unaffected by minor language changes.

The Presence Questionnaire includes three subscales
previously identi�ed by cluster analysis based on the
results provided by 152 participants (Witmer & Singer,
1998). The Involvement-Control subscale measures the
extent to which participants become absorbed in the
experience as well as application’s responsiveness. The
Natural subscale measures its consistency with reality,
and the Interface Quality subscale measures a partici-
pant’s ability to concentrate on a task. In addition, Wit-
mer and Singer, suggested three other subscales, al-
though these did not result from the cluster analysis.
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The Resolution subscale measures the extent to which
an object can be closely studied and looked at from
multiple directions, the Auditory subscale measures
sound in a virtual environment, and the Haptic subscale
measures the ability to touch and move an object. The
experimental scenario did not include any sound; there-
fore, the results obtained for the auditory subscale are
not included in the total score.

The Immersive Tendencies Questionnaire (ITQ) is a
companion questionnaire to the PQ, designed to mea-
sure the participants’ propensity for immersion in tradi-
tional media or environmental situations (Singer & Wit-
mer, 1996). The ITQ has been shown to be statistically
reliable and valid and to correlate with the PQ score for
a number of studies (Witmer & Singer, 1998). It has
three subscale clusters: the Focus subscale is a measure
of mental alertness, the Involvement subscale measures
a participant’s propensity to become engrossed in a me-
dia, and the Game subscale measures the frequency and
extent of a participant’s experience with video games. In
addition to the questionnaire data, the participant’s age,
sex, vision status, task completion time, design type, and
competency with the apparatus were also noted. These
factors are used to determine if a selection variable sys-
tematically affected the ITQ and PQ scores for this
study.

3.3 Participants

Sixteen participants took part in the study (eight
men and eight women). The mean age for the men was
27 years (range 22–35), and the mean age for the
women was 31 years (range 26–39). The combined
mean age was 29. All participants were computer liter-
ate, although not all of them had used a drawing appli-
cation before.

3.4 Apparatus/Materials

A 3M MP8725 LCD projector was used to
project Microsoft Paint at a resolution of 800 3 600 with
a total image area of 52 cm by 38 cm onto an A1 sheet
of white paper that was secured to a conventional of�ce

desk. The physical model consisted of a white, plaster-
covered polystyrene representation of a mobile tele-
phone. To reduce image blurring, the model’s height
was kept within the projector’s depth of focus. The
model measured 26 cm by 9.5 cm by 3.5 cm, which
covered an area approximately four times the size of a
conventional mobile phone (�gure 3). The drawing ap-
plication was run on a personal computer with a 166
MHz Pentium processor with 40 MB of RAM. A
mouse was used as the input device.

The ITQ and the modi�ed PQ questions were scored
on a seven-point scale using the semantic differentiation
principle. Both questionnaires were completed on a sep-
arate desk from the experimental system so that partici-
pants could not see (and therefore be distracted by) the
display.

3.5 Procedure

Participants were �rst presented with an outline of
the whole experiment during which the four main tasks
were explained. After this, the Immersive Tendencies
Questionnaire was completed, and the participant’s age,
sex, and vision status were recorded. Participants then
turned to the desk behind them, the room lights were
turned off, and a 3 min. practice task was completed
using the drawing package projected onto a �at white
surface. The system was reset, and a physical model of a
mobile telephone was placed in the projection area. Par-
ticipants then designed a color scheme, for a University
of Portsmouth branded mobile telephone case, directly
on the model’s surface. A maximum time limit of 15
min. was allocated for this task, although participants
were allowed to �nish earlier if they wanted to. The task
completion time was recorded along with the partici-
pants’ competency with the drawing application and
whether the participant’s design considered salient phys-
ical features on the model. After the design tasks, the
room lights were turned back on, and the participants
were moved back to the original desk to complete the
Presence Questionnaire. Both questionnaires were pre-
sented on paper and transcribed by hand into SPSS v9.0
for analysis. All results were checked after input.

86 PRESENCE: VOLUME 11, NUMBER 1



3.6 Results

Assessing the Presence Questionnaire’s scale for
reliability, with a Cronbach’s alpha test for internal con-
sistency, gave a result of 0.84 (N = 16).

A Pearson correlation was calculated between the to-
tal score for the Presence Questionnaire without the
questions that related to audition (mean = 135.94, s.d.
= 18.40) and the score for each of the subscale clusters
identi�ed during previous studies (Witmer & Singer,
1998). A signi�cant correlation was found for the In-
volvement-Control subscale (r (16) = 0.88, p < 0.01),
the Natural subscale (r (16) = 0.70, p < 0.01) and the
Interface Quality subscale (r (16) = 0.63, p < 0.01).
The Resolution subscale did show a signi�cant correla-
tion (r (16) = 0.60, p < 0.05), although the Haptic
subscale did not (r (16) = 0.38, p = 0.15). Signi�cant
correlations were also found between the Involvement-
Control and Natural subscales (r (16) = 0.75, p <

0.01).
A reliability analysis and subscale analysis was con-

ducted on the Immersive Tendencies Questionnaire.
The Cronbach’s alpha test generated a score of 0.86
(N = 16). A Pearson correlation was calculated between
the total score for the Immersive Tendencies Question-

naire (mean = 138.69, s.d. = 21.48) and the score for
each of its subscale clusters. A signi�cant correlation was
found for the Focus subscale (r (16) = 0.85, p < 0.01),
the Involvement subscale (r (16) = 0.57, p < 0.05),
and the Game subscale (r (16) = 0.62, p < 0.01).

There was a nonsigni�cant, almost zero, Pearson cor-
relation between the Immersive Tendencies Question-
naire score and the Presence Questionnaire score
(r (16) = 2 0.10, p = 0.72). When divided by sex (�g-
ure 4), scores for men exhibited a nonsigni�cant posi-
tive trend (r (8) = 0.60, p < 0.12), whereas women
exhibited a nonsigni�cant negative trend (r (8) =

2 0.49, p < 0.22).
Pearson correlations conducted between the ques-

tionnaires’ subscales showed no signi�cant results.
However, when divided by sex, the situation changed.
For men, the ITQ’s Focus subscale signi�cantly corre-
lated with the PQ’s total (r (8) = 0.92, p < 0.01), In-
volvement-Control subscale (r (8) = 0.77, p < 0.05),
and Natural subscale (r (16) = 0.75, p < 0.05). The
PQ’s Involvement-Control subscale also signi�cantly
correlated with the ITQ’s Involvement subscale (r (8) =

0.73, p < 0.05) and total (r (8) = 0.71, p < 0.05).
However, for women, a signi�cant negative correlation

Figure 3. Pilot-study participant starting to add visual detail to the projection-augmented model.
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was found between the PQ’s Involvement-Control sub-
scale and the ITQ’s Involvement subscale (r (8) =

2 0.75, p < 0.05). In addition, the PQ’s Natural sub-
scale negatively correlated with the ITQ total (r (8) =
2 0.85, p < 0.01) and Game subscales (r (8) = 2 0.80,
p < 0.05).

Other participant factors may have in�uenced the re-
sults, so, for the PQ and ITQ, including their subscales,
Pearson correlations were computed with age, drawing
application competency, design type, and task comple-
tion time. Only the ITQ’s Game subscale negatively
correlated to the subject’s age (r (16) = 2 0.57, p <

0.05) and sex (r (16) = 2 0.63, p < 0.01), whereas task
completion time was negatively correlated to the partici-
pants’ competency with the drawing application
(r (16) = 2 0.58, p < 0.05).

3.7 Discussion

This study set out to investigate whether object-
presence is a reliable and valid construct that can be
measured for a projection-augmented model using ex-
isting methods. The modi�ed version of the Singer &
Witmer (1996) Presence Questionnaire used to assess
object-presence had a Cronbach’s alpha of 0.84 (N =

16), which indicates that it does indeed form a reliable
scale.

To determine whether the PQ is measuring a uni�ed
construct, the PQ’s subscale scores were correlated with
the total for the questionnaire. All of the subscales cor-
related with the total score (INV/C 2 r (16) = 0.88,
p < 0.01; NAT 2 r (16) = 0.70, p < 0.01; QUL 2

r (16) = 0.63, p < 0.01; RES 2 r (16) = 0.60, p <

0.05) except the Haptics subscale (r (16) = 0.38, p =

0.15). Given that the display presents coincident visual
and haptic information, this result seems surprising.
However, observations during the experiment noted
that participants did not touch the model because it was
not explicitly required that they do so to complete the
task. This is a �aw in the experiment’s design as it has
been suggested that haptic feedback increases presence
(Hoffman et al., 1996; Sallnäs, 1999). More research is
needed to investigate the difference in object-presence
between haptic and nonhaptic interaction, and how this

is affected by the task to be completed. However, the
results of this study do still present a uni�ed measure
based on visual perception alone.

The reliability result and the correlations between the
PQ total score and its subscales indicate that the ques-
tionnaire is measuring a uni�ed construct. However,
whether that construct is object-presence is a matter for
debate. The correlation results for the PQ can be inter-
preted in three ways. First, the PQ could correlate with
a construct not related to object-presence. The PQ
questions used were adapted from a questionnaire based
on factors derived from presence theory (Witmer &
Singer, 1998), and it is assumed that the minor changes
to the language of the questionnaire do not alter the
measured construct signi�cantly. This is supported by
the reported existence of an underlying construct for
different mediated experiences (Lessiter et al., 2000).

The second interpretation suggests that the PQ corre-
lates with a construct related to object-presence. The
nonadapted PQ measures a form of presence that re-
quires a user to feel immersed and involved within a
virtual environment. This has been likened to presence
as transportation, “you are there” (Lombard & Ditton,
1997). Object-presence is similar, except that it is
likened to transportation as “it is here” Thus, the
adapted PQ could be constructing a measure of involve-
ment with the display instead of object-presence. In-
deed, it has been suggested that, as a measure of subjec-
tive feelings, Involvement-Control is the only PQ
subscale related to presence (Regenbrecht, Schubert, &
Friedmann, 1998). This view is supported by the strong
correlation between the Involvement-Control subscale
and the total score (r (16) = 0.88, p < 0.01). However,
if the PQ is measuring the construct of involvement,
then the PQ subscales that correlate with the PQ total
should also correlate with the Involvement-Control
subscale. The results show that only the Natural sub-
scale is signi�cantly correlated (r (16) = 0.75, p <

0.01), suggesting that the PQ total is more than just a
construct of involvement. In addition, the PQ total cor-
relates with the Natural, Interface Quality, and Resolu-
tion subscales; thus, the PQ total is dependent on the
extent to which a display supports interaction, the “im-
mersion” factor for immersive virtual environments, as
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well as involvement. These two factors were theoretical
requirements for the initial questionnaire and support
the assertion that the underlying construct has been pre-
served in the adapted PQ, a result that also adds further
support to the rejection of the �rst interpretation.

The third interpretation of the results suggests that
the PQ score correlates with object-presence itself al-
though it does not necessarily measure the entire con-
struct. It is believed that the empirical results do indeed
support this view as each of the subscales (which are
thought to contribute to a sense of presence and hence
object-presence) are signi�cantly correlated. However,
the existence of a valid and reliable construct of object-
presence, assessable with existing measures, would be
more strongly supported if its score correlates with the
participants’ inherent propensity to become immersed
in conventional media or situations, such as a �lm or
sporting event.

This propensity should be re�ected in a user’s Immer-
sive Tendencies Questionnaire score. A reliability analy-
sis and subscale analysis was conducted on the ITQ to
con�rm that it is a valid tool for the experimental popu-
lation used. The Cronbach’s alpha level (0.86, N = 16)
and the correlations between the subscales and the total
ITQ score (FOC 2 r (16) = 0.85, p < 0.01; INV 2

r (16) = 0.57, p < 0.05; GAME 2 r (16) = 0.62, p <

0.01) suggest that this is indeed so.
The correlation between the ITQ and PQ total was

nonsigni�cant (r (16) = 2 0.10, p = 0.72). This result
is disappointing, though unsurprising. Witmer and
Singer (1998) reported that, in the four experiments in
which both questionnaires were used, only two showed
a signi�cant correlation; although there was a signi�cant
correlation when the results of all four studies were
combined. A scatter plot of the results grouped by sex
seems to indicate an interesting trend: results for men
exhibit a positive trend, whereas results for women ex-
hibit a negative trend (�gure 4). This may be due to
men �nding projection-augmented models more natural
than do women, a suggestion that is supported by the
negative correlation, for female subjects, between the
ITQ total and the PQ’s Natural subscale (r (8) =
2 0.85, p < 0.01). Moreover, the PQ’s Involvement-
Control subscale positively correlated with the ITQ’s

Involvement subscale for men (r (8) = 0.73, p < 0.05)
but negatively correlated for women (r (8) = 2 0.75,
p < 0.05) suggesting that men could relate more to
projection-augmented models. However, a Pearson cor-
relation between the ITQ and the PQ total showed
nonsigni�cant results for either men (r (8) = 0.60, p <

0.12) or women (r (8) = 2 0.49, p < 0.22).
Witmer (2000) reported similar, although statistically

signi�cant, results in two experiments. These trends
were not evident in all studies, which led Witmer to
conclude that this type of correlation was the result of
sample bias. This could be the case for the present study
because the sample size was small (N = 16). However,
even though women sometimes exhibited a negative
trend in other studies, men never did. Although incon-
clusive, the possibility of gender bias raises two impor-
tant issues.

The �rst question that needs to be addressed is
whether a measure is biased towards one particular gen-
der. For example, the ITQ includes a question that as-
sesses whether a participant has “ever gotten excited
during a chase or �ght scene on TV or in the movies?”
Part of this question requires empathy with an aggres-
sive emotional response, which may be considered a
more masculine trait. Therefore, to reduce bias, a sub-
jective measure should assess a more representative set
of emotions such as the six fundamental emotional
states of surprise, anger, sadness, disgust, fear, and hap-
piness (Ekman & Friesen, 1971).

The object under investigation or the task to be com-
pleted by the participants (Sheridan, 1992) could also
be a biasing factor. A mobile telephone was used as the
object during this investigation because it was seen as a
gender-neutral device. However, it is possible that men
found this object or even the projection-augmented
model display itself as more relevant and therefore more
involving. Considering task factors, a study in which
Witmer (2000) reported a similar pattern of trends, the
task involved spatial navigation, which women are re-
ported to �nd more dif�cult than men do (Astur, Ortiz,
& Sutherland, 1998). Therefore, it is suggested that a
set of standard, gender-neutral tasks may be needed to-
gether with standardized measurements to assess object-
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presence or presence for comparisons between particular
systems.

Instead of sex, some other participant characteristic
could be in�uencing the results. Thus, the ITQ and PQ,
along with all its subscales, were correlated with age,
competency with the drawing application, the design
type, and the task completion time. Only the ITQ’s
Game subscale negatively correlated to the subject’s age
(r (16) = 2 0.57, p < 0.05) and sex (r (16) = 2 0.63,
p < 0.01), indicating that younger participants or men
are more likely to play and become involved in video
games. Unsurprisingly, the time to complete the task
was negatively correlated to the participant’s pro�ciency
with the application (r (16) = 2 0.58, p < 0.05), dem-
onstrating that more-experienced participants �nished
in less time. However, neither of these results consis-
tently affects the scores for the ITQ or PQ.

4 Conclusions

Projection-augmented models offer a unique
method for presenting visual and haptic information in
the same spatial location. The visual information is pro-
jected onto a physical model that supports all physiolog-
ical depth cues and the ability to touch the object under
investigation, allowing a user to naturally access infor-
mation.

One of the measures applied to a virtual reality display
is the extent to which a user feels present. Linked to the
idea of a display supporting the user in a “natural” way
(Lombard & Ditton, 1997), object-presence may en-
hance a user’s ability to utilize real-world skills for a vir-
tual task and help to transfer learning from the virtual
task back into the real world. The conventional de�ni-
tion of presence requires a user to be isolated from the

Figure 4. Scatter plot of Immersive Tendencies Questionnaire scores against Presence Questionnaire

scores divided by sex.
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real world and surrounded with a virtual environment.
Although this de�nition is appropriate for some tasks,
others do not require the creation of an entire environ-
ment.

Nonimmersive displays can provide a realistic natural
stimulus to a user even though they have a limited �eld
of view. The idea of object-presence is suggested as a
measure of the extent to which information presented
with a nonimmersive display seems natural to a user.
This concept replaces the feeling of being surrounded
by an environment with the sense of being colocated
with a collection of objects. The results from the corre-
lation study suggest the existence of a reliable construct
that can be measured using subjective response. It is
suggested that this construct is object-presence because
the questionnaire exhibits face validity; however, the
nonsigni�cant correlation with the user’s immersive ten-
dencies does not provide additional support for this as-
sertion. The idea that an object exists in a user’s envi-
ronment is a measure that can be extended to all
immersive, nonimmersive, and augmented reality dis-
plays, although standardized, gender-neutral tasks and
measures may be needed if object-presence or presence
is to be compared across different systems.
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