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whether television (a new medium at the time) was able
to deliver novel types of content or not [4]. In general,
media theorists consider form and content to be
theoretically separate concepts [5]. Logically, they are
neither equivalent nor necessarily related. However,
there is not much empirical evidence to suggest that,
from a user perspective, they might not be related,
causally or otherwise. In the presence literature, the role
of content has generally been discussed theoretically
only (for instance, [6, 7, 8]). The consensus seems to be
that for presence to occur, the environment must make
some sense or contain some meaning for the subject; and
it is the content that provides that meaning. For example,
in a factor analysis of eight presence measures, [9] found
that the factor drama (the degree to which the virtual
environment presents a story in which events unfold in a
meaningful, predictable way) ranked 4th out of 8
extracted factors, and had an eigenvalue greater than 3
[9]. Such findings are quite suggestive that the content of
a VE does have a role to play in the presence experience.
Given that little empirical work has been done on this
problem, and given that it is a focus of attention in
presence theory, it is worth making a detailed
examination of the extent to which content factors play a
role in presence.

Abstract
This paper informs the debate between the impact of
content and form factors on presence. From cognitive
principles, we predict that the content of a VE will affect
presence by interacting with expectations held by the
user. Furthermore, a particular cognitive tendency
(thematic inertia), should facilitate the effect of the
expectations. A sample of 461 users of desktop based
flight simulations was measured on ten predictors,
including degree of simulation related content
knowledge (generalized and specific knowledge),
thematic inertia, as well as controls for age and
immersion/display factors. The ITC-SOPI was the
dependent variable. The data suggest that content factors
explain almost as much presence variance as form
(immersion) factors. As predicted, thematic inertia is a
reliable predictor. Also, the degree of generality of
content knowledge predicts presence (with knowledge of
the specific content being an inverse predictor). This
strongly suggests that the degree to which a simulation is
able to match the expectations of its users is an
important element of the presence experience.
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It is difficult to understand how content may
affect presence without some theoretical framework. A
recent development in presence theory, expressed in [7]
and [10], is that presence does not occur from perceptual
data alone (as an illusion such as vection does), but
rather is constructed from both perceptual and
conceptual data by the subject. In this view, the percepts
can only be constructed into an experience of space in
the correct cognitive context [10]. This context is likely
to be affected by two factors: temporary effects such as
priming [11, 12], and more permanent effects associated
with knowledge of a particular theme [13]. The impact of
these temporary effects on presence have been
empirically investigated to a limited degree [11], but the
long term effects remain in the domain of theory.

1. Introduction
A large body of literature, both theoretical and
empirical, exists to support the notion that presence is a
function of display and immersion related variables (see
[1] for an extensive review). More recent examinations
into the role of content related factors on presence,
however, remain controversial. The debate, which could
be named the content-form debate, was most explicitly
delineated by Slater [2]. In that paper, Slater makes a
strong distinction between spatial presence (the
conventional concept that a virtual place is experienced
as if it were not mediated), and a host of concepts, such
as engagement and involvement, which have become
incorporated into definitions of presence by others (such
as [3]). By analogy, he argues that presence comes about
by the form in which information is presented to the
subject; interest, involvement, and so on are brought
about by the subject’s relationship to the content –
therefore, content related factors are considered as not
determining presence. The argument that form and
content are separate in media has existed for some time;

One reason why content may not have attracted
a great deal of research attention is the difficulty of
working with it as an operationalized variable. Are there
factors along which different contents can be compared?
Is there a way to measure the impact that a particular
content area will have on subjects? We believe that for
the purpose of examining its effect on presence, the
particular content itself is not central. Rather, it is the
examination of how the content is integrated and

for instance, during the 1960s discussions existed about
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2. To examine the relative importance of temporary
content effects. This can be done by examining thematic
inertia, a measure of the degree of cognitive integration
of a particular semantic content area [12] and priming,
the phenomenon where users engage in behaviors to
prepare themselves cognitively for the VE experience
[12]. However, we will examine these effects on a
standardized presence measure, rather than using the
evolutionary approach used in [12].

processed cognitively that might lead to viable research
designs [10]. To quantify this degree of integration, one
can, according to a schemata based theory, measure a
participant’s knowledge of the content [14, 10]. How this
existing knowledge then interacts with the VE display
during the mediated experience can be usefully modeled
by thinking in terms of user expectations. As the user
begins the experience, the VE content cues a slight
activation of particular schemata. If the content is well
integrated, then that activation will spread efficiently
though the user’s semantic knowledge networks, leading
to expectations of subsequent experiences in the VE [15,
13]. If the VE matches these expectations, one can
expect a coherent cognitive construction of the
environment [10]. If the VE fails to match those
expectations, then an impoverished presence experience
will result [16, 10]. If one accepts this explanation, then
one can categorize the user’s knowledge in terms of the
types of expectations it will lead to – detailed knowledge
will lead to highly specific expectations, which will be
hard for the VE to match; generalized knowledge will
lead diffuse expectations which should be easier for a
VE system to match [16]. Therefore, one can expect an
expert in a particular content area to find simulations of
that content to be largely unsatisfactory, unless the
simulation’s content has been designed to a high degree
of fidelity. They would constantly notice errors in the
simulation, and would therefore have reduced presence
experiences. On the other hand, a novice in that content
area, with less content knowledge would find the same
simulation satisfactory due to having only very general
expectations for that content, and might therefore
experience more presence. This is analogous to the wellknown “uncanny valley” phenomenon found in
simulations of humans [17]. Almost all people have
extremely detailed knowledge of the human form (albeit
largely implicit), which leads to very specific
expectations. A simulation must be of an extremely high
degree of fidelity to match such an expectation; indeed,
most contemporary systems fail at this task, leaving
users largely unsatisfied by the simulation. Our model of
knowledge, expectation, and simulation matching of
these expectations can essentially be understood as a
general explanation of the uncanny valley phenomenon,
from a cognitive perspective.

3. To provide some sense of the relative contributions of
form related and content related factors, so as to shed
some light on the content-form debate.

2. Method
To achieve these aims, we followed a relational
design, preferring to collect a large sample of habitual
VE users in naturalistic conditions over a controlled
experiment using a smaller sample. We therefore used a
large scale online survey of computer game players who
play flight simulation games. We measured our sample
on a number of content, cognitive and form/immersion
variables, and used these to predict their presence during
their last simulator session using the ITC-Sense of
presence inventory (ITC-SOPI) [3].

2.1 Procedure
The study was advertised as a ‘flight simulator
gaming habits’ study, and posted as an on-line survey. A
number of web-sites were selected to advertise the study:
These were either web-portals to the flight simulation
gaming community (presenting news, downloads, etc.
relating to the hobby), or web forum sites whose primary
purpose is the discussion of flight simulation related
topics. The site administrators of 10 such sites were
contacted and asked to post a link to the study on their
site. Of these, 7 responded (70% response rate). In order
to provide an incentive for participation, Flight1.com, an
on-line retailer of flight simulation products, was
recruited as a sponsor of the study. They provided three
popular flight simulator products as prizes for a random
draw of subjects.
The subjects were provided with a URL for the
study website. On entering the site, they were provided
with information about the study (enough to meet the
informed consent ethical requirement while reducing
possible expectancy effects), and if they agreed to
continue, were presented with instructions, and then the
questionnaires. The subjects were first presented with
our ten content, cognitive and control factors, and then
were asked to report the title of the last flight simulator
they played, and the number of days since that last
session (the experience-measure delay). They were then
asked to complete the ITC-SOPI with regard to that
session. With the exception of not administering the
ITC-SOPI immediately after the VE experience, we
followed all the administration guidelines given by the

That content could have an effect on the user’s
experience in this way seems plausible; however the
questions of whether this effect is on spatial presence or
other related factors, as argued in [2], and of the degree
of impact that content factors have on presence are ones
which must be addressed empirically. From this
discussion, we can define three broad aims for this study:
1. To examine the role of content knowledge on the
presence experience (both in terms of spatial presence
and other related factors such as engagement). We will
also examine if a difference of effect exists between
general and specific knowledge.
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within the VE, and of interaction with the objects in the
VE.

authors of the ITC-SOPI. Once all the items were
completed, the subjects were asked to fill in their email
address for entry into the random draw (this information
was not stored together with their actual data).

Engagement: A sense of psychological involvement
and a tendency to enjoy the VE experience.

2.2 Sample
Naturalness: A sense that the VE is believable and
lifelike, or realistic (this factor is also referred to in [3] as
ecological validity).

A practical sampling problem arises in content
related research – what population has varying degrees
of knowledge of one well-defined content area, for
which there exists a virtual environment which
implements that content area? We decided to turn to the
population of computer game players who use flight
simulation games. For this case, the content is well
defined (aviation), and knowledge of it can be
reasonably measured – by either asking subjects to report
on their level of knowledge, or by examining their
interest in other activities related to the content area
(reading aviation books, visiting aviation web-pages,
etc.) One can also determine if the subjects have
generalized or specific knowledge with relative ease (see
measures in 2.3 below). Also, the flight simulation
playing population is large, and easily accessible; it
therefore serves as a useful starting point for such an
investigation.

Negative effects: Negative physiological reactions to
the VE experience such as dizziness, eyestrain and
headaches.
The ITC-SOPI is a particularly useful measure in
that each of the factors provides a separate score for the
experience. This effectively allows it to satisfy a number
of presence concepts at once, effectively separating out
spatial presence from the other factors. For instance, if
one follows the presence concept presented by Slater [2],
then one can simply consider the spatial presence factor
of the ITC-SOPI. However, if one is sympathetic to the
views of IJsselsteijn and colleagues (eg, [20]), then one
can consider both the engagement and spatial presence
factors. This flexibility, its suitability for use across any
medium representing a VE, and its high degree of
psychometric evaluation [3] makes it a particularly
useful instrument for a large study involving home
computer based flight simulation software.

A total of 503 responses were collected from flight
simulation players (see section 2.1 above for a
description of the recruitment procedure). Of these, 461
(91.6%) reported using Microsoft Flight Simulator 2004:
A Century of Flight during their last simulator session.
These were selected as the sample for the study. This
was done to control for software platform cross users. In
effect then, this is a self-selected, volunteer sample. The
sample consisted of 100% men. One may be forgiven for
assuming that this is a massive overrepresentation, but
this gender distribution probably correctly represents this
particular population; the flight simulation site
AVSIM.com, in the 2003 edition of its yearly census of
users, found only 2.6% of users to be women with a
sample of 14,247 [18]. Of course, such a population
precludes any investigation of gender effects. Due to
this, we decided to exclude gender as a variable in this
particular study. This decision has some justification - a
recent review [19] which examined nine studies
considering gender in presence, found a difference in
only one of those studies. In terms of age, the sample
was far more diverse; the mean age was 31.7 years, with
a range of 12 to 65 (s = 13.07 years).

Our second major measure is a questionnaire,
developed for use in this study, containing ten content
knowledge, cognitive and general control factors to be
used as predictors (see table 1 below for a summary).
The factors are defined as:
Thematic inertia: This is the same concept proposed
in [12]. It is the tendency for a subject to engage in
thematically related activities (e.g. reading about
aviation, as well as playing aviation related games). In
this study, we considered situations where nonsimulation activities (reading a book, taking a real flight)
led to either a desire to play a flight simulator, or the
actual playing of a flight simulator.
Priming: This refers to subjects engaging in
particular behaviors before playing flight simulations, so
as to set a cognitive context for the simulation
experience in some way [21]. We considered cases
where subjects read aviation books, manuals,
aeronautical charts, or engaged in similar activities
immediately before a flight simulation session. We
hypothesize that priming and thematic inertia are closely
related, although this has not been specifically
investigated. Thematic inertia is likely a tendency or
cognitive style, while priming is one of the behaviors
which expresses that tendency.

2.3 Measures:
The ITC sense of presence inventory (ITC-SOPI) [3]
was used as the measure of presence. This questionnaire
measures four factors of the presence experience: Spatial
presence, engagement, naturalness and negative effects.
These are defined as follows (from highest to lowest
degree of variance explained):
Spatial presence: A sense of physical placement
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Factor with
Number of items
(Cronbach’s alpha
in brackets)
Thematic inertia
5 (0.79)

Priming
5 (0.76)
Content knowledge
8 (0.63)
Hobby cluster
7 (0.55)
Simulator mechanics
knowledge
9 (0.76)

reading aviation publications. It is of interest in this
study because it represents generalized knowledge of the
content being simulated, in contrast to the content
knowledge factor, which measures specific knowledge.

Sample item
“Reading about real world
aviation or flight in a book,
magazine or web-page makes
me want to play a flight
simulator.”
“Before I play a flight simulator,
I usually read an aviation/flight
book, magazine, or web page.”
“I prefer to fly virtual flights
around places which I have been
to in real life.”
“How many model aircraft have
you built in the past year (scale
models or radio-controlled)?”
“Have you ever created an
aircraft (exterior model, flight
model, etc.) for any flight
simulator?”

Presence
management
8 (0.69)

“What size of screen/display do
you usually play simulators
with?”

Evaluation of
simulator realism
6 (0.76)

“The experience provided by
current
commercial
flight
simulators is like the real thing.”

Enjoyment
6 (0.68)

“I normally find playing
commercial flight simulators to
be a fun experience.”

Experience-measure
delay
1(-)

“How many days ago was this
last session?”

Age
1(-)

“What is your age?”

Simulator mechanics knowledge: This factor
considers the subject’s knowledge of how simulation
software works. Apart from measuring this directly as
done by [12] (a method which may give rise to selfreport biases), we further estimated it by using the
number of modifications, add-ons or simulation content
created by the subject - we assume that being able to
create simulator content requires knowledge of how the
simulation works. This factor can be used to control for
information relevance, by contrasting its effect with the
content relevant content knowledge and hobby cluster
factors.
Presence management: This is the same factor
defined in [12]. It represents measures taken to improve
the immersion of the hardware platform, and of the user
to reduce attention distracters. We expanded this factor
to include the use of consumer grade simulation input
devices (joysticks, control yokes, rudder pedals, throttle
quadrants, etc.) which are widely available. These not
only provide improved control for the user, but also act
as passive haptic devices [22], as they mimic the shape
of real aircraft controls. This factor represents our notion
of a display and attention related factors. It also
expresses some consensus of immersion and display
factors identified as important in the literature (as
discussed in 1 above).
Evaluation of simulator realism: This is a measure
of how realistic the subject considers flight simulations
to be, in general terms. Notice that we do not use this as
a measure of the realism of the system, but of the
perceived realism. This cognitive factor represents
arguably the most abstract level of expectation. Subjects
who rate a simulation as realistic are presenting an
interpretation bias; we can thus infer, according to the
constructionist concepts of [10] and [14] that subjects
who score high on this factor are less likely to interpret
simulation artifacts as detracting from the experience.

TABLE 1: The ten content, cognitive and
control factors used to predict ITC-SOPI
scores

Enjoyment: This factor estimates how fun or
enjoyable the subject finds simulations in general. This is
an important control, as there is evidence to suggest that
presence varies with enjoyment of the experience [23,
24]. Given that the subjects in this study use flight
simulations for recreation, it is likely to be a factor. It is
also possible that subjects who find the experience
enjoyable would have a bias to overestimate their
presence (the converse bias is also technically possible,
but due to the self-selection of this sample, it is unlikely).

Content knowledge: This refers to knowledge of the
actual content being simulated; that is, specific
knowledge of the real places and aircraft being
simulated. This factor allows the measurement of the
influence of the fit between the simulation display and a
specific expectation of the scene. This follows our model
that the amount of information about the content held by
the subject is likely to correlate with how specific the
subject’s expectations are (see the discussion in 1
above).
Hobby cluster: This is a measure of the degree to
which the subject engages in other activities which are
related to aviation, such as building model aircraft or

Experience-measure delay: As this study takes the
unusual step of asking subjects to complete the ITCSOPI with regard to their last flight simulation
experience (see 2.1 above for the procedure), this factor
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ITC-SOPI factors. In each case, the ten predictors listed
in table 1 were used. In order to more clearly show the
contribution of the content and cognitive factors to the
variance of the ITC-SOPI factors, we tested the
difference in model fit between the full ten factor model
and the reduced four factor conservative model. As
discussed in 1 and 2.4 above, this conservative model
poses presence management as the major predictor (it
includes measures of well investigated variables in
presence such as display size [27], passive haptics [22],
and focusing of attention on the VE [12]). The
conservative model also includes age, enjoyment, and
experience-measure delay factors as general controls.

was included to control for any possible memory or
delay effects. The granularity of this measure was chosen
as one day.
Age: This is a control for two factors: The possible
natural covariance of age with cognitive factors (such as
attention, spatial ability, etc.) due to aging, as well as for
the possibility of a general correlation between age and
presence (as reported in [25]).

2.4 Models and analysis strategy
In this type of research, it is usual to create a
single model from a set of predictors, and then evaluate
the usefulness of that model by examining its fit to the
data (as was done in [12]). However, we propose to go
one step further by comparing the fit of two models to
each other: The first will be our model including three
sets of factors: display and attention factors (form
related); content and cognitive factors (content related)
and general control factors. The second model will be a
reduced, conservative model including only display and
attention factors (form related) and the general control
factors. This comparison will allow us to evaluate our
data in terms of the content-form debate: in essence, the
model including content and cognitive factors represents
the content position of the argument, while the
conservative model represents the form position.
Although it is possible to estimate the contribution of
content on presence without this comparison (by
examining the partial correlations, for example), making
this comparison allows one to link the data to the
theoretical debate far more strongly. Statistically, such a
comparison is simple – one can perform a significance
test on the difference between the error variances of two
models [26], which in effect compares the models in
terms of their R2 values.

3.1 Spatial factor
For this factor, the ten predictor model is
significant (F = 17.41, p < 0.00001) and gives R2 = 0.28.
The significant predictors (at the 0.01 level) are thematic
inertia, evaluation of realism, content knowledge (as a
negative factor), presence management and age (see
table 2 below for corresponding partial correlations). The
difference between the fit of this model and that of the
reduced conservative model (which has
R2 = 0.15) is significant (F = 12.67, p < 0.00001) – see
table 6.
Factor
Thematic inertia
Evaluation of realism
Content knowledge
Presence management
Age

Partial correlation
0.28
0.18
-0.12
0.19
0.14

TABLE 2: Significant predictors for the spatial factor,
with partial correlations.

3.2 Engagement factor

Although the idea of such a model comparison
sounds straightforward in principle, it is far from simple
to find a set of form related factors which satisfactorily
expresses a consensus of published research. The list of
factors we used was derived from the compilation used
in [12] but was expanded slightly. These are immersion
related factors such as display size and passive haptics
used, and attention management strategies (keeping the
room dark, preventing interruptions during the
experience, etc.). The general control factors include age,
amount of time since the subject last played a flight
simulation, and their enjoyment of flight simulations
(these factors are defined and justified in the measures
section in 2.3 above). By comparing the fit of these two
models, it should be possible to gain an insight into the
relative contributions of content and cognitive factors to
particular aspects of the presence experience.

Again, the ten predictor model is significant
(F = 30.77, p < 0.00001) with R2 = 0.40. The significant
predictors (at the 0.01 level – see table 3 below) were the
same as for spatial presence. These were: thematic
inertia, evaluation of realism, content knowledge (as a
negative factor) presence management and age (see table
3). The difference in fit between this model and the
conservative one (whose R2 = 0.26) is again significant
(F = 17.86, p < 0.00001).

Factor
Thematic inertia
Evaluation of realism
Content knowledge
Presence management
Age

3. Results

Partial correlation
0.33
0.13
-0.14
0.33
0.20

TABLE 3: Significant predictors for the engagement
factor, with partial correlations.

The data were analyzed using a set of four
multiple regression analyses, one for each of the four
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TABLE 6: Summary of model fits for the ten predictor
and conservative models (asterisk indicates p < 0.01 for
the difference in fit between the models)

3.2 Naturalness factor
Although the ten predictor model for this factor
is significant (F = 18.14, p < 0.00001) and the fit is good
(R2 = 0.29), the significant predictors differ from the two
previous models. As before, thematic inertia, evaluation
of realism, presence management and age are significant
predictors; however, content knowledge makes no
contribution, and priming is a significant predictor (see
table 4).
Factor
Thematic inertia
Evaluation of realism
Presence management
Priming
Age

For all four ITC-SOPI factors, the difference between
model fit is significant at the 0.05 level. At the 0.01 level
however, the models for the negative effects factor do
not show a significant difference in fit. In general, the ten
predictor model explains substantially more presence
variance than the conservative model.

4. Discussion

Partial correlation
0.24
0.25
0.16
0.10
0.19

For the remainder of this paper, we will
consider firstly some caveats and limitations of our
design and sample, followed by a discussion of the
theoretical importance of the significance and lack of
significance of the ten predictors. We will end the paper
considering the overall importance of content and
cognitive factors in understanding presence. For the
purposes of comparison during our discussion, table 7
below provides a summary of the analysis of the ten
predictor model presented in section 2.4 above, showing
the partial correlations of the significant predictors for
each of the ITC-SOPI factors, as well as the model fit.

TABLE 4: Significant predictors for the naturalness
factor, with partial correlations.
As with the other models, the difference in fit
between this and the conservative model (with R2 = 0.13)
is significant (F = 13.65, p < 0.00001) – see table 6.

3.3 Negative effects factor

4.1 Implications of the design and sample

The ten predictor model is again significant
(F = 3.57, p < 0.00026), as one would expect with such a
large sample size; however, it shows very weak fit
(R2 = 0.07). The pattern of predictors is also quite
different – only thematic inertia and presence
management are significant predictors (see table 5).
Again, this model explains more variance than the
conservative model, which itself has a very weak fit (R2
= 0.04), but the effect size of the difference is noticeably
smaller – indeed, it does not reach significance at the
0.01 level (F = 2.60, p < 0.02) – see
table 6.
Factor
Thematic inertia
Presence management

Possible effects of experience-measurement delay
In order to capture this large number of
subjects, the design required violating the requirement
that the ITC-SOPI be administered immediately after the
experience. Although there exists no theoretical
explanation as to why an experience-measurement delay
should introduce systematic error into the presence
measure (or indeed, a prediction of what such an effect
would be), we controlled for this by asking for an
estimate of the delay. Our analysis revealed no delay
effects in any of the ITC-SOPI factors. One may
conclude that with a quantification granularity of one
day, no experience-measure delay effects are apparent.
Although it is possible that an effect exists over a period
less than one day, it would have to be a non-linear effect
acting over a period of less than one day, and with no
further effect after one day.

Partial correlation
0.15
0.13

TABLE 5: Significant predictors for the negative
effects factor, with partial correlations.

Positive bias due to enjoyment
As a large number of the participants in this
study were likely to be habitual simulation users, it was
necessary to control for a possible positive bias in their
responses. This was achieved by use of the enjoyment
predictor. The reported degree of enjoyment was, as
expected, high – a mean score of 29.7 (on a scale ranging
from 6 to 42), but it was not significantly skewed.
However, it is important to note that enjoyment was not
a significant predictor of any of the four ITC-SOPI
factors. It is therefore possible to state in subsequent
conclusions that the reports of presence given by our
sample were not unduly inflated by their enthusiasm for
the content.

3.4 Overall comparison of model fit
Table 6 below summarizes the differences in
model fit (R2) between the ten predictor model and the
conservative model.

ITC-SOPI Factor
Spatial
Engagement
Naturalness
Negative effects

R2 for ten
predictor
model
0.28
0.40
0.29
0.07

R2 for
conservative
model
0.15*
0.26*
0.13*
0.04
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Factor

Spatial
Presence

Engagement

Naturalness

Negative
effects

Thematic
Inertia

0.28

0.33

0.24

0.15

Evaluation
of realism

0.18

0.13

0.25

-

Content
knowledge

-0.12

-0.14

-

-

Presence
management

0.19

0.33

0.16

0.13

Priming

-

-

0.10

-

Age

0.14

0.20

0.19

-

Overall R2

0.28

0.40

0.29

0.07

contributions of content knowledge), probably rely more
on semantic processes than spatial ones, so even if such
differences exist, they may not negate the described
effects.
Degree of control over display variables
A key feature of this design is the controlling of
system variables to examine the role of content variables.
This was achieved in by measuring presence
management practices (which includes subjects’ control
over display and interface variables), as well as sampling
only those who use a single software platform. It should
be noted that although the software package was kept
constant, it is still possible to have slight variations in
terms of content as well as display. The software we
selected (as with all desktop based simulations) allows
users to trade display fidelity for simulation update rate,
through adjusting a number of simulation and display
parameters within a narrow range. Therefore, the exact
degree of visual fidelity which any particular subject
experienced during their last simulator session is not
known. However, the range of such modifications
allowed by the software is limited, so it is possible to
understand this control as limiting such effects. Also, it
is important to recognize that although this can be
correctly understood as a threat to the internal validity of
this design, our choice of a large sample of simulation
users reporting on their experiences with their usual
gaming situation gives this study an enviable degree of
external validity; in an important sense, this is an
example of the trading off of internal validity for
external validity which is unavoidable in this type of
work [28].

TABLE 7: Comparison of partial correlations and
model fit for the significant predictors of the ten
predictor model on the 4 ITC-SOPI factors (a hyphen
indicates the predictor was not significant at the 0.01
level)
Gender and age of participants
Central to any modeling study is a large sample
which is able to represent its population correctly [28]. In
terms of age, this is an extremely good sample. In fact, it
provides a wider age range than any comparable
presence study we have been able to find (compare for
instance, with [12], [25] or [29]).

4.2 Thematic inertia and priming
Most interesting of the results obtained is
perhaps the role of thematic inertia. It is a significant
predictor of all four ITC-SOPI factors, and in all cases its
contribution to the ITC-SOPI factor is either higher or
only slightly less than that of presence management. We
constructed the measure of presence management to
include measures of display size and passive haptics,
which have been established as important factors in
presence [20, 22, 27]; however, the current data suggest
that, if one holds the software platform relatively
constant, then this cognitive factor is on average at least
as important as display and attention related factors. One
possible explanation for this phenomenon is that those
with high thematic inertia gain more benefit from better
displays, and thus have learned presence management
strategies. However, this is unlikely, as the overall
correlation between presence management and thematic
inertia, although significant, is low (r = 0.31); also, if this
were the case, we would not expect to see both of these
factors appear as significant predictors in the multiple
regression, due to a high degree of shared variance. A
more theoretically driven explanation which is consistent
with this data is that while presence management can be
learnt, thematic inertia is probably part of a cognitive

Although this study used a large, self selected
sample, it contains no women respondents, which is a
concern. The choice of population (flight simulation
users) was made as it presents a population of habitual
VE users who have knowledge at several levels of
relevance of the content of the VE. It is unfortunate that
a population which is so useful for our purpose should
also have a massively imbalanced gender distribution.
From a cognitive perspective, one of the most serious
concerns is that of possible gender differences in spatial
abilities, which would have a great impact on presence
[7]. Currently, there is no definitive answer to whether
such a gender difference exists; Some time ago evidence
for a difference was clear, but thought to be diminishing
over time [30]. Later meta-analyses revealed a more
confused, inconclusive picture [31] [32]. It is therefore
possible that some of the findings of this study may not
generalize across the genders. However, many of the
theoretically important findings of this paper (such as the
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discussed in section 1 above. Therefore, the more
specific content knowledge the user has, the more
detailed and specific the expectation will be. Given that
the simulation is giving a set degree of fidelity, users
with more specific knowledge should notice more
mismatches between their expectations and the display,
leading to a reduction in presence. With relevant but
non-specific knowledge of the simulated content, one
would expect this effect to be significantly reduced, as
generalized knowledge would not lead to specific
expectations; and the data suggest that it has no effect at
all. In the case of the engagement factor, we would
suggest that subjects would be more engaged with a
system that does not violate their expectations, by two
mechanisms: firstly, their attention would not be diverted
to the errors or omissions in the simulated content, and
secondly, they would experience more interest, fun, and
have their attention more focused on systems which
present the content which they expect. Content irrelevant
knowledge leads to no expectation of the interaction with
the system, and it therefore produces no effect on
presence on either the spatial or engagement factors.

style and therefore cannot be learnt [12]. As discussed in
section 1 above, thematic inertia likely contributes to
presence through enabling the spreading of semantic
activation; it is therefore probably relatively independent
of perceptual factors (associated with the processing of
the display). Subjects who are fortunate enough to have
high thematic inertia and engage in presence
management strategies would undoubtedly have the
highest presence scores.
Intriguing is the lack of effect of priming on
presence, given that priming has been found to be
effective when manipulated experimentally [11]. It only
seems to affect the naturalness factor, and then only to a
slight degree (a partial correlation of 0.1). One possible
explanation is that priming is effective, but subjects do
not make use of it; however, this is at odds with the
evolution of presence maximization strategies argument
[12], which proposes that game players will evolve
behaviors which maximize their presence experiences.
Closer examination of the data reveals that if one recomputes the regressions after removing thematic inertia
as a predictor, then priming becomes a significant
predictor of all ITC-SOPI factors except negative effects.
This suggests that priming has a higher covariance with
thematic inertia than with the ITC-SOPI factors. It is
probably correct to say that thematic inertia and priming
both measure some more general cognitive factor. It
seems reasonable to suggest that thematic inertia
measures an automatic quality of cognition, where
exposure to one type of stimuli associated with a content
area (a book) automatically activates cognitions about
related stimuli (a simulation) probably by means of the
spreading of semantic activation. On the other hand,
priming measures active engagement in behaviors. It
seems reasonable that without the tendency measured by
thematic inertia, priming would not be effective. Thus,
subjects without the tendency would not have evolved
priming behaviour. Also, not all those who have a high
degree of thematic inertia would necessarily engage in
priming behaviors for any number of practical reasons
(limited time, lack of priming materials, etc.); priming
would therefore have a much higher degree of error
variance than thematic inertia. We can therefore expect
thematic inertia to be a better predictor of presence than
priming is.

4.3 The role of content
evaluations of realism

knowledge

In the case of the naturalness and negative
effects factors, there are no content knowledge effects at
all. It is simple to understand why the negative effects
factors should not be affected by content knowledge,
because simulator sickness is well understood to be due
to a mismatch in information between the visual and
vestibular systems [33], and therefore higher level
cognition is unlikely to have an impact. However, how
natural a VR system is experienced as, should be
affected by one’s expectations of the content being
modeled, as is the case with the spatial and engagement
factors. One might argue that although this is the case,
the ITC-SOPI items of this factor are at an extremely
non-specific level of interpretation (for example, “the
content seemed believable to me”). It is possible that for
the given population (flight simulation hobbyists), the
lack of effect is due to a floor effect – they all have
enough knowledge about aviation that the responses to
such items would vary very little. This however is not
borne out by the data – the naturalness factor has a mean
and variance comparable to the other ITC-SOPI factors.
Another possible explanation for this phenomenon is that
the expectations associated with the naturalness factor
are implicit rather than semantic – that is, they are
expectations about how the simulation behaves and
responds to input, rather than being explicit expectations
about the shape or layout of the physical space and its
meaning. Although we do not have any means of
supporting this hypothesis with the current data, it is
supported, we believe, by the theoretical distinction
drawn between implicit and explicit cognition, which is
for instance used in implicit memory research (such as
[34]) and the mental models literature (for example,
[35]).
A final interesting effect which appears in this
data (or rather, fails to appear) is with regard to content
irrelevant knowledge (the simulator mechanics

and

This study used measures of three types of
content knowledge: Specific knowledge about the
simulated content (content knowledge factor), general
knowledge about the content (hobby cluster factor), and
content irrelevant knowledge (simulator mechanics
knowledge factor). For the spatial and engagement ITCSOPI factors, specific knowledge of the VE content
reduces the presence experience. The effect on the
spatial factor can be understood in terms of the
expectations for the system held by the user [16], as
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knowledge factor). Even though we used a large sample,
which would typically give significant results even for
small effects, no effects were found. One can conclude
that irrelevant information neither contributes nor
interferes with presence. This, together with the
contribution of relevant information presented above,
suggests that the presence experience is constructed from
selected subsets of perceptual and conceptual
information as suggested in [10] (and to a lesser extent in
[14]). It also supports the notion that attention and
cognitive resources are allocated in terms of that
construction, effectively expressing a bias for content
relevant information, while excluding irrelevant
information [10]. This suggests that presence is not due
to a ‘willing suspension of disbelief” (discussed in [36]
and [37]), but rather that information which might lead to
disbelief is filtered out, so that the only aspect of
willingness in the presence experience may the decision
to engage with the VR system. If this is true, then the
research question becomes: under which conditions does
such a filtering process engage, and how can one control
the coarseness of the filter?

4.4 The interaction of expectations and mediated
content in presence
As discussed in 4.3 above, a high evaluation of
realism was associated with an increase in presence, due
to the generalized nature of the expectation associated
with realism evaluations. Conversely, for content
knowledge, a negative relationship existed with
presence, due to the highly specific expectations
associated with a large degree of content knowledge. At
the same time, knowledge not associated with the
simulation content (such as knowledge of the simulation
mechanics), had no effect, as it creates no expectation for
that particular content. During the mediated experience,
the simulation provides a number of perceptual cues on
several modalities. If these cues are interpreted as
matching the expectations arising from the content
knowledge, then the subject will have a coherent
presence experience in the system; if not, the lack of
match will lead to a reduced presence experience through
the attracting of attention to perceived errors in the
content, as well as a reduced sense of naturalness and
reduced engagement with the material [10]. Such a
mismatch is more likely to occur in the face of highly
specific expectations, and less likely in the face of
generalized expectations. We can summarize this
discussion in a general principle: VE relevant knowledge
creates a cognitive context in terms of expectations, with
more knowledge leading to more specific expectations;
and presence is more likely to occur when expectations
are matched by the VE system.

The question of the contribution of display
realism and simulation fidelity to presence has been dealt
with in the literature to a largely satisfactory degree [3]
[38] [39]. We were interested in the perception of
realism held by the users of simulations. As argued in
[40], the fidelity or realism of a scene could be measured
completely objectively by describing the various display
parameters, and for content, one could measure fidelity
in terms of variations between the simulated model and
the actual phenomena being simulated. However,
whether a subject finds a simulation realistic is a
different matter; it returns to expectations about the
content. Asking a subject to provide an assessment of the
realism of a simulation is a measure of a very general,
high level expectation of the experience the simulation
will deliver. In this study, given that the simulation
platform was kept relatively constant across all
participants, any differences in their perceptions of
realism can be more readily attributed to cognitive
factors than to display factors; also the items in this
factor asked subjects not about the perceived realism of
the last simulator session (which would have been an
actual measurement of the system), but of simulation
software in general. We can assume that such an average
evaluation of realism would have existed before the
subjects played their last simulator session; and therefore
it would have acted as an expectation for that session. As
this expectation is extremely generalized, it is should be
simple to satisfy even with a desktop simulation. This is
borne out by the data – the evaluation of realism is a
positive predictor (with high partial correlations) of all
factors of the ITC-SOPI except negative effects.

This content expectation principle can be seen
in the partial correlations of the content relevant factors –
evaluation of realism, hobby clustering and content
knowledge. If one orders them with respect to how
specific an expectation we predict from each one, and
plots them against their partial correlations (see figure 1),
then the predicted pattern is discernible for all the ITCSOPI factors except negative effects.
It should be noted that hobby clustering did not
give a significant partial correlation with any of the ITCSOPI factors; this means, in the strictest sense, that the
population value of the partial correlation is zero. With
regard to the hypothesis of generality of expectation, we
can interpret this to mean that at the level of generality
found at the hobby cluster level of knowledge, the
contribution to presence is negligible; the size of its
effect is so small as to be undetectable with our sample.
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incorrect. We can provide evidence that content factors
affect both spatial presence, and the other factors –
although it should be noted that it is still unknown if
there is a causal flow between the ITC-SOPI factors, so
that engagement might cause spatial presence, for
example, or vice versa.

0.25

PARTIAL CORRELATION

0.2
0.15
0.1
0.05

5. Conclusion

0
-0.05
-0.1
-0.15
eval of realism

Hobby cluster

content know l.

CONTENT FACTOR

FIGURE 1: Plot of partial correlations of content
factors, in decreasing level of generality of
expectation (from left to right). The partial
correlations with three ITC-SOPI factors are shown Spatial is the dashed line; Engagement is the solid
line; Naturalness is the dotted line.

We have argued that these findings strongly
support the idea that parallel to considering the role of
the display and immersion in presence (form), it is
beneficial to consider the role of VE content. To
understand the interaction of content and form factors, it
is important to consider the cognitive context in which
the form in processed (both in terms of short term effects
such as priming, and long term structures such as those
measured by thematic inertia).
It should be noted that even our most powerful
model (the ten factor model predicting engagement)
explained less than half the variance in presence scores;
a great deal of work clearly remains to identify further
content, display and possibly other classes of variables
which are important factors in the presence experience.

We would like to suggest that its strength of
effect represents a half-way point between the effects of
content knowledge and evaluation of realism; we believe
our expectations hypothesis is theoretically strong
enough to support this idea. However, more data is
required to categorically make this statement. A future
study could overcome this weakness by refining the
measure of generality of expectation so as to produce a
continuous model of this effect.
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4.5 Relative contribution of content and
cognitive factors to presence
In general terms, the models we computed show
that the addition of the content and cognitive factors add
significant fit over the conservative model, for all ITCSOPI factors except negative effects (summary in table 6
above). The conservative model replicates the large body
of published work which argues for the importance of
display related factors in presence (such as [22], [40, 2],
[41], [42] and others); this validates the general
procedure used in this study. However, the difference in
fit between the models highlights the importance of
considering content related factors when predicting
presence. Although we have only included a limited set
of display related factors in our presence management
factor (as any study must), it is highly unlikely that the
amount of increase in model fit brought about by adding
the content related factors is simply an artifact of our
selection of display factors, or of the method used.
Furthermore, our use of the ITC-SOPI measure allows us
to separate out the effect of these factors on several
components of the presence experience. Therefore, if one
argues that content factors are an important contributor
to engagement but not spatial presence (as is done, for
example, in [2]), our models would reply that this is
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