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Abstract
We examined the relationship of self-reported Spatial
Presence with emotion-related psychophysiological
responses to success (reaching the goal) in a video game
among 36 young adults. Event-related changes in facial
electromyographic (EMG) activity (an index of emotional
valence), electrodermal activity (EDA; an index of
arousal), and cardiac interbeat intervals (IBIs) were
recorded. The results showed that Spatial Presence was
associated with an increase in zygomatic and orbicularis
oculi, and a decrease in corrugator supercilii, EMG
activity in response to reaching the goal. Spatial Presence
was also positively related to EDA, but unrelated to IBI.
High Spatial Presence may result in a greater increase in
positive affect, and a greater reduction in negative affect, in
response to a positive event. Spatial Presence exerts an
influence on both the valence and arousal dimensions of
emotions. Phasic corrugator supercilii EMG activity may
be a particularly useful measure in Presence research.
Keywords--- Spatial Presence, emotions, facial
electromyography, electrodermal activity, interbeat
interval, video games.

1. Introduction
The experience of media users that they are personally
and physically present in the displayed environment has
been named “Presence,” or more specifically, “Spatial
Presence” [1, 2]. It has been suggested that Spatial Presence
may have important emotional consequences. That is,
media presentations, such as video games, engendering a
strong sense of Spatial Presence have been suggested as
eliciting higher arousal and enjoyment [1, 3, 4]. People also
differ in their ability to experience Presence [5], and these
differences may be associated with the emotional responses
to the mediated environment. Examining the relationship of

Presence with emotional responses is of import both in its
own right and because Presence may exert an effect on
other important variables and processes (e.g., attention,
memory, entertainment, and persuasion) through the
mediating influence on emotions [see 1, 6].
Emotions are biologically based action dispositions
that have an important role in the determination of behavior
[e.g., 7]. Most theorists endorse the view that emotions are
constituted by three aspects or components: subjective
feeling, expressive behavior, and physiological arousal;
others add motivational state or action tendency and/or
cognitive processing [7, 8]. A dimensional theory of
emotion holds that all emotions can be located in a twodimensional space, as coordinates of valence and arousal
(or bodily activation) [e.g., 7, 9]. The valence dimension
reflects the degree to which an affective experience is
negative (unpleasant) or positive (pleasant). The arousal
dimension indicates the level of activation associated with
the emotional experience, and ranges from very excited or
energized at one extreme to very calm or sleepy at the
other.
The influence of Spatial Presence on arousal is
relatively
well
established
by
studies
using
psychophysiological measures [10, 11]. Electrodermal
activity (EDA), commonly known as skin conductance, is
the primary psychophysiological index of arousal [6]. As
people experience arousal their sympathetic nervous system
(SNS) is activated, resulting in increased sweat gland
activity and skin conductance. EDA has recently been used
in a couple of studies examining Presence in virtual
environments (VEs). These studies showed that EDA was
positively associated with self-reported Presence during
exposure to VEs depicting an airplane flight [10] and a pit
room with an unguarded hole in the floor leading to a room
20 ft. below [11]. Meehan et al. also found that EDA was
higher during exposure to the frightening (i.e., arousing)
virtual height situation compared to a non-frightening
virtual room [11]. Although these studies showed that EDA
is positively related to Presence when the media content is
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arousing, there is no reason to expect that EDA would
increase with increasing Presence when the content of the
mediated environment is non-arousing (e.g., a deserted
beach of a Caribbean island).
Some studies have associated Presence also with heart
rate (HR) changes. Meehan et al. showed that the
aforementioned stressful VE depicting a pit room evoked
notable HR acceleration (i.e., a decrease in interbeat
intervals, IBIs) [11]. In addition, changes in HR correlated
positively with self-reported Presence. Apparently, the VE
(pit room) was stressful enough to elicit arousal-related HR
acceleration that is mediated by the SNS [see 6]. In
contrast, Wiederhold et al. found that changes in HR
correlated negatively with self-reported Presence when
participants were presented with the aforementioned VE
depicting an airplane flight [10]. This VE (airplane flight) is
likely to have prompted increased attention resulting in HR
deceleration that is mediated by the parasympathetic
nervous system (PNS) [see 6]. Thus, there are obvious
interpretative difficulties associated with HR responses: HR
may be either positively or negatively associated with
Presence depending on the content of the mediated
environment and task demands (e.g., attentional demands).
The relationship of Presence with the valence
dimension of emotions is not well established, and
psychophysiological studies on this issue are lacking.
Although some studies using self-report measures have
suggested that Presence may result in greater overall
enjoyment [3, 4], the relationship of Spatial Presence with
positive and negative emotional responses to specific events
in the mediated environment has not been investigated.
According to Frijda, events appraised as real elicit
emotions, and their intensity corresponds to the degree to
which the events appear real [12]. That being so, high
Spatial Presence might result in more positive emotional
responses to a positive event, for example.
In the present study, we used facial electromyography
(EMG) to examine the relationship of Spatial Presence with
positive and negative affective responses to success
(reaching the goal) in a video game (Super Monkey Ball 2).
The facial EMG provides a direct measure of the electrical
activity associated with the facial muscle contractions
underlying emotional expression, and is the primary
psychophysiological index of hedonic valence [6, 13]. It is
well established that increased activity at the zygomaticus
major (cheek) and corrugator supercilii (brow) muscle
regions is associated with positive emotions and negative
emotions, respectively, during affective imagery and when
viewing media [14, 15, 16, for a review, see 6]. In addition,
tonic activity at the orbicularis oculi (periocular) muscle
area has been associated with positively valenced higharousal emotions [6].
The preceding discussion provided the foundation for
the following hypotheses. Reaching the goal (i.e., a positive
event) in a video game would be expected to elicit an
increase in zygomatic (Hypothesis 1) and orbicularis oculi
(Hypothesis 2) EMG activity for participants reporting high
Spatial Presence during the game, but not for participants
reporting low Spatial Presence. In contrast, reaching the
goal would be expected to prompt a decrease in corrugator

EMG activity for participants reporting high Spatial
Presence, but not for participants reporting low Spatial
Presence (Hypothesis 3). In regard to emotional arousal,
there is likely to be high anticipatory arousal before
attaining the goal, after which arousal diminishes.
However, it would be expected that this reduction in
arousal, as indexed by EDA, would be more pronounced for
participants reporting low Spatial Presence compared to
those reporting high Spatial Presence (Hypothesis 4). We
also hypothesized that Spatial Presence would not have an
influence on IBI response to reaching the goal (Hypothesis
5). This is because (a) the video game used is likely to elicit
both emotional arousal (cardiac sympathetic activity
increases)
and
attentional
engagement
(cardiac
parasympathetic activity increases) and (b) the SNS and
PNS have opposing effects on cardiac IBI [6].

2. Methods
2.1. Participants
Participants were 36 (25 male and 11 female) Finnish
undergraduates with varying majors (1 participant was
about to apply to the University), who ranged from 20 to 30
years of age. All participants played video or computer
games at least once a month. They participated in return for
three movie tickets.

2.2. Video game
In the present study, we used a video game called
Super Monkey Ball 2 (Sega Corporation, Tokyo, Japan).
The game was played with the Nintendo GameCube
(Nintendo Co., Ltd., Kyoto, Japan) and presented on a
screen using the Panasonic PT-LC75E Multimedia
Projector (Matsushita Electric Industrial Co., Ltd., Osaka,
Japan). The image size was 114 cm (width) u 85 cm
(height), and the distance between the player’s eyes and the
screen was about 200 cm.
The game takes place in a surrealistic world with bright
colors and includes a game board hanging in the air and a
cute little monkey trapped in a transparent ball. The game
view is from behind the monkey. The player’s task is to tilt
the board to roll the ball towards a particular goal without
falling off the edge of the board to the deep. The player
needs to avoid obstacles and pick objects as the monkey
rolls around the stages. The aim was to clear each stage
with as high a score as possible. The player had 1 min to
clear each stage and earned extra points for clearing the
stage in 30 s or less. The practice session was played at the
Beginner level, and the actual two play sessions, easy and
difficult, were played at the Beginner and Advanced levels,
respectively. Super Monkey Ball 2 is a relatively nonviolent
game with happy background music and atmosphere. It
requires fast reflexes and some strategy.

2.3. Procedure
When arriving to the laboratory, the participant
returned a number of questionnaires (e.g., gaming habits,
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personality, temperament) that had been sent to him or her
beforehand. After a brief description of the experiment (the
participant was told that the researchers were interested in
measuring his or her psychological processes and
physiological activity during playing video games), the
participant filled out an informed consent form. Electrodes
were then attached and the participant was seated in a
comfortable armchair, followed by a rest period of 7 min.
The participants played four different video games in a
random order. There were three 5-min game sessions for
each of the four games; that is, a practice session and two
actual play session (i.e., easy and difficult). In the present
study, we used only data from Super Monkey Ball 2 played
at the Beginner level. The participant was told that the three
best male and female gamers would be awarded one movie
ticket as a bonus. After each of the actual game sessions,
the participant rated the sense of Presence experienced
during the game and his or her emotional responses to the
game on several dimensions (the items were presented on a
computer screen). The room was dimly illuminated during
the rest period and when playing the games. After playing
all games, the electrodes were removed, the participant was
debriefed, and thanked for his or her participation.

2.4. Presence
The sense of Presence of the participants was measured
after each game with the ITC-Sense of Presence Inventory
(ITC-SOPI), a 44-item self-report instrument [17]. Previous
work with the ITC-SOPI has identified four separate
factors: (a) Spatial Presence (19 items; e.g., “I had a sense
of being in the game scenes,” “I felt I was visiting the game
world”), (b) Engagement (13 items; e.g., “I felt involved [in
the game environment],” “My experience was intense”), (c)
Ecological Validity/Naturalness (5 items; e.g., “The content
of the game seemed believable to me,” “The game
environment seemed natural”), and (d) Negative Effects (6
items; e.g., “I felt dizzy,” “I felt nauseous”). In the present
study, we used only the items addressing the Spatial
Presence factor. The wording of some of the items was
slightly altered to adapt the instrument specifically for use
with video games. Each of the items was rated on a 5-point
scale, ranging from 1 (strongly disagree) to 5 (strongly
agree). The psychometric properties of the instrument have
been shown to be acceptable.

2.5. Physiological data collection
Electrocardiogram (ECG) was recorded using the
Psylab Model BIO2 isolated AC amplifier (Contact
Precision Instruments, London, UK), together with three
EKG leads in a modified Lead 2 placement. IBIs (ms) were
measured with the Psylab Interval Timer.
Facial EMG activity was recorded from the left
corrugator supercilii, zygomaticus major, and orbicularis
oculi muscle regions as recommended by Fridlund and
Cacioppo [18], using surface Ag/AgCl electrodes with a
contact area of 4 mm diameter (Med Assoc. Inc., St.
Albans, VT). Electrodes were filled with TD-240 electrode
gel (Med Assoc. Inc). The raw EMG signal was amplified,

and frequencies below 30 Hz and above 400 Hz were
filtered out, using the Psylab Model EEG8 amplifier. The
raw signal was rectified and integrated using the Psylab
INT8 contour following integrator (time constant = 50 ms).
EDA (skin conductance level, SCL) was recorded with
the Psylab Model SC5 24 bit digital skin conductance
amplifier that applied a constant 0.5 V across Ag/AgCl
electrodes with a contact area of 8 mm diameter (Med
Assoc. Inc.). Electrodes were filled with TD-246 skin
conductance electrode paste (Med Assoc. Inc.) and attached
to the middle phalanges of the first and second fingers of
the subject’s nondominant hand after hands were washed
with soap and water.
The digital data collection was controlled by Psylab7
software, and all physiological signals were sampled at a
rate of 500 Hz.

2.6. Video recording of the game
During the game, the output signal (video and audio)
from the GameCube was stored as digital video (25 frames
per second) with the V1d Random Access Video
Recorder/Player (Doremi Labs, Inc., Burbank, CA).
Psylab7 software was used to trigger the V1d Disk
Recorder to start recording the game screen at the same
time when the physiological data collection started. After
calibrating the timing, the recorded video image of the
game screen was in time synchrony with the physiological
data with a one-frame (40-ms) accuracy.

2.7. Event scoring
The exact onset time of reaching the goal was
determined by examining each of the played games, frame
by frame, using V-ToolsPro 2.20 software. The onset times
were saved as CSV files that were then converted with
special software (V1 Clip Converter for Psylab) and
imported into Psylab7 software. The participants reached
the goal, on the average, 6.6 times (range: 4 to 9).

2.8. Data reduction and analysis
Mean values for the psychophysiological measures
(i.e., facial EMG, SCL, IBI) were derived for two 1-s
epochs before reaching the goal (this provides a local
baseline; seconds 1 and 2) and for six 1-s epochs after the
attainment of the goal (seconds 3 to 8).
The data were analyzed by the Linear Mixed Models
procedure in SPSS with restricted maximum likelihood
estimation and a first-order autoregressive covariance
structure for the residuals. Participant ID was specified as
the subject variable, and the sequence number of an event
and second (seconds 1 to 8) were specified as the repeated
variables. We created seven (orthogonal) contrast variables
that compared the different seconds; for example, Contrast
1 was seconds 1 and 2 (local baseline = Time 1) vs. seconds
3, 4, 5, 6, 7, and 8 (time after event onset = Time 2). These
contrast variables and Spatial Presence were entered as
covariates. This results in an analysis that is identical to an
analysis with second as a factor, but enables the
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examination of interactions between second (or the contrast
variables) and the (continuous) Spatial Presence score. We
specified a fixed-effects model that included (a) the main
effects of the seven contrast variables, (b) the main effect of
Spatial Presence, and (c) the Contrast 1 u Spatial Presence
interaction. When interpreting the results, high and low
Spatial Presence was defined as scores 1 SD above and 1
SD below the mean on the Presence measure, respectively.

3. Results
The average Spatial Presence rating was 2.7 (SD =
0.8). In agreement with Hypothesis 1, the Linear Mixed
Models procedure showed that the Contrast 1 u Spatial
Presence interaction was significant in predicting
zygomaticus major EMG activity, F(1, 166.12) = 9.47, p =
.002. Inspection of the estimated marginal means revealed
that reaching the goal elicited an increase in zygomatic
activity for participants reporting high Spatial Presence
during the game (Ms = 2.69 ln[PV] and 2.76 ln[PV] for
Time 1 and Time 2, respectively), whereas it prompted a
decease in zygomatic activity for participants reporting low
Spatial Presence (Ms = 2.97 ln[PV] and 2.93 ln[PV] for
Time 1 and Time 2, respectively).
In addressing Hypothesis 2, it was found that the
Contrast 1 u Spatial Presence interaction only approached
statistical significance when predicting orbicularis oculi
EMG activity, F(1, 171.84) = 3.71, p = .056. Attaining the
goal tended to elicit a more pronounced increase in
orbicularis oculi activity for participants reporting high
Spatial Presence (Ms = 2.42 ln[PV] and 2.59 ln[PV] for
Time 1 and Time 2, respectively) compared to those
reporting low Spatial Presence (Ms = 2.15 ln[PV] and 2.26
ln[PV] for Time 1 and Time 2, respectively).
As hypothesized (Hypothesis 3), there was a significant
Contrast 1 u Spatial Presence interaction in predicting
corrugator supercilii EMG activity, F(1, 145.64) = 17.07, p
< .001. Reaching the goal elicited a decrease in corrugator
activity for participants reporting high Spatial Presence (Ms
= 2.88 ln[PV] and 2.80 ln[PV] for Time 1 and Time 2,
respectively), but not for participants reporting low Spatial
Presence (Ms = 3.70 ln[PV] and 3.71 ln[PV] for Time 1
and Time 2, respectively).
In agreement with Hypothesis 4, the Contrast 1 u
Spatial Presence interaction was significant in predicting
SCL, F(1, 35.67) = 7.48, p = .010. Attaining the goal
prompted a more pronounced reduction in SCL for
participants reporting low Spatial Presence (Ms = 0.640
log[PS] and 0.637 log[PS] for Time 1 and Time 2,
respectively) compared to those reporting high Spatial
Presence (Ms = 0.678 log[PS] and 0.677 log[PS] for Time
1 and Time 2, respectively).
As expected (Hypothesis 5), the Contrast 1 u Spatial
Presence interaction was nonsignificant in predicting IBI,
F(1, 200.35) = 0.01, p = .930.

4. Conclusions
This study is the first to show that Spatial Presence is
related not only to the arousal dimension of emotions, but
also to the valence dimension as measured by facial EMG.
The results showed that self-reported Spatial Presence was
associated with an increase in zygomatic and orbicularis
oculi EMG activity in response to reaching the goal in the
video game (i.e., a positive event; in the case of orbicularis
oculi activity, the association narrowly failed to reach
statistical significance, however). That is, given that
zygomatic and orbicularis oculi activity index positive
emotions [6], high Spatial Presence resulted in more
positive emotional responses to a positive event.
The results also showed that Spatial Presence was
strongly associated with a decrease in corrugator supercilii
EMG activity in response to reaching the goal. That is,
given that corrugator supercilii EMG activity indexes
negative emotions [6], high Spatial Presence resulted in a
greater reduction in negative affect in response to a positive
event.
The bipolar valence dimension has been suggested to
represent the integration of two separable and partially
distinct components of the affect system, that is, positive
affect and negative affect [16, 19]. It is somewhat unclear,
however, whether zygomatic and corrugator activities are
uniquely sensitive to positive affect and negative affect,
respectively, or whether positive and negative affect have
reciprocal effects on facial EMG measures [16]. Thus, the
stronger relationship of Spatial Presence with corrugator
compared to zygomatic activity may (a) indicate that
Spatial Presence is more strongly related to negative affect
compared to positive affect or (b) be due to the previously
observed stronger linear effect of valence on activity over
corrugator supercilii versus zygomaticus major [14].
Several
authors
have
suggested
that
psychophysiological parameters might be used as measures
of Presence [11, 20]. The present study provides evidence
for the validity of facial EMG, particularly corrugator
supercilii activity, as a measure of Presence. An apparent
limitation of the present study was, however, that we did
not compare different mediated environments putatively
eliciting varying levels of Presence [cf. 11]. Therefore,
sensitivity of facial EMG as a measure of Presence remains
to be established. It should also be emphasized that facial
EMG is primarily a measure of hedonic valence (or positive
and negative emotions) rather than a direct measure of
Presence [6]. This is the case for all psychophysiological
measures, however (i.e., they are primarily measures of
arousal or attention) [6].
It is also of note that we measured phasic EMG
responses to a specific event in the mediated environment.
There is no reason to expect that tonic EMG activity
averaged across a longer exposure to a mediated
environment involving both positive and negative events
would be related to Spatial Presence. That is, when
examining tonic EMG activity, Presence-related increases
in positive and negative responses would be expected to
cancel each other out. Thus, in most connections, only
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phasic EMG responses may be useful as measures of
Presence.
In agreement with prior studies [10, 11], the results
showed that Spatial Presence was positively related to
arousal as measured by EDA. Although all participants
experienced a reduction in (anticipatory) arousal after
attaining the goal, this reduction was less pronounced for
participants reporting high Spatial Presence compared to
those reporting low Spatial Presence. An apparent
advantage of EDA as a measure of Presence-related
emotional arousal is that, physiologically, it is influenced
only by the SNS (this results in high diagnosticity) [6].
In disagreement with some prior studies [10, 11], we
found that Spatial Presence was unrelated to cardiac IBI
changes. This is probably because the video game (i.e., an
active coping task requiring sensory intake) may elicit both
emotional arousal and attentional engagement. That is, in
this connection, high Spatial Presence may prompt
heightened (a) emotional arousal accompanied by SNS
activity and (b) attention accompanied by PNS activity.
Thus, given the opposing effects of the SNS and PNS on
IBI [6], Spatial Presence is likely to be unrelated to IBI
when the mediated environments prompts both arousal and
attentional engagement (sensory intake). However, IBI (or
HR) may be a useful measure of Presence when the
mediated environment elicits only (or mostly) arousal or
only (or mostly) increased attention, Presence being
negatively and positively related to IBI, respectively.
In interpreting the present findings, the correlational
nature of the present study should be allowed for. That is, in
principle, it is possible that emotional reactions exert an
influence on Spatial Presence rather than vice versa. For
example, it is possible that emotional arousal influences the
distribution of attention, thereby exerting an effect on
Spatial Presence [see 6]. However, we feel that it is
unlikely that the valence dimension of emotions would
have a causal effect on Presence.
In sum, the present study showed that a high sense of
Spatial Presence was related to increased positive, and
decreased negative, emotional responses to success in a
video game as measured by facial EMG. Spatial Presence
was negatively and particularly strongly related to activity
over corrugator supercilii. Spatial Presence was also related
to higher arousal as measured by EDA, but it was unrelated
to IBI. Spatial Presence may exert an influence on both the
valence and arousal dimension of emotions.
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