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ABSTRACT
Video games are increasingly present and are currently a dominant
vehicle not only for entertainment, but also for information. This
position has generated a rapid growth and consequent increase
in competitiveness in the game development industry, which has
required the exploration of new techniques to engage users. Con-
sidering the crucial role of emotions in this domain, an increasingly
appreciated approach is the integration of psychophysiology in this
context. This project is thus included in the field of psychophys-
iological analysis, framed within the branch of video games, and
consists of the study of different actions and how they can influence
emotional intensity.
To understand the emotional reactions of players, two versions of a
horror game in virtual reality were created, which differ in the way
users interact with doors along a virtual scenario. The objective
of this work is to understand if more intricate interactions can
increase the intensity of human bodily reactions. Thus, to observe
this potential phenomenon physiological data was acquired: elec-
trodermal activity, electrocardiogram and respiration; in addition
to self-reported questionnaires.
Results showed that the version that had a more positive global
evaluation by the participants was also the one that presented a
higher variation in some physiological indicators, such as heart
rate and respiratory signal amplitude. Despite this, no significant
differences were observed between both versions, indicating that
further study is necessary for any in-depth conclusions.
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1 INTRODUCTION
Video games are interactive tools that elicit complex emotional
responses in players [13]. In the process of video game production,
it is sought that these games are able to create, in the audiences,
experiences that affect their emotional structures in different ways,
covering the entire emotional spectrum [35]. Thus, it is unsurpris-
ing how Virtual Reality (VR) has been used to study, multiple facets
of human emotion and how this emotion can be leveraged for the
design of better digital games.
In this sense, psychophysiological analysis is an approach that has
gained popularity in game research and development, being quite
promising as it provides continuous, quantitative and reliable mea-
sures of a player’s affective experience, emotions and cognition
[9, 32]. The level of arousal of a user results in changes in autonomic
nervous system (ANS) activity, through the sympathetic nervous
system (SNS) and parasympathetic nervous system (PNS) pathways.
This degree can be inferred through measurements of electroder-
mal activity (EDA), heart rate variability (HRV), obtained from the
electrocardiogram (ECG), and respiration (RSP). The combination
of these signals is important to correctly determine the response of
the two systems, since the heartbeat analysis provides information
about the balance between the two and the EDA essentially reflects
the activity of the sympathetic nervous system [19]; whereas the
respiratory system is affected by the HRV [18], being associated
with the activity of the vagus nerve, the main parasympathetic
nerve.
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While in the past, most research in the field of video games focused
on understanding the effects of the act of playing in general, re-
cently studies have shifted their focus of attention and also seek to
understand how specific game characteristics can affect the expe-
rience of playing [24]. In the video game universe, virtual reality
(VR) stands out for offering users a more immersive perspective and
modes of interaction, which can lead to a wider range of emotional
experiences, as such interactions can often simulate "real world"
movements with a fairly high fidelity [25].
Thus, this project seeks to explore psychophysiological analysis in
the context of games and consists in studying different actions and
how they can influence the emotional intensity of the VR experi-
ence.
This work is organized as follows: Section 2 describes the motiva-
tion that led to this study. Section 3 briefly presents some related
work. Section 4 indicates the materials and explains the methodolo-
gies followed. Section 5 presents and discusses the results. Finally,
section 6 summarizes our conclusions.

2 MOTIVATION
Physiology and emotion have been extensively investigated, and
their relationship is undeniable. Yet, the exact mapping of this re-
lationship is still far from being known [33]. The proposed work
arises in this context and aims to study the impact that specific in-
teractions and movements have on emotional magnitude, through
a virtual reality video game.
In games, interaction with elements, such as doors or windows, is
frequent, so this type of interactions can be used to trigger actions
that lead players to a certain experience or emotion [13]. These
interactions can be implemented in a variety of ways and with
different granularities. More granular interactions promote move-
ments that are close to human actions, while interactions with lower
granularity are those that are executed in a more artificial way, such
as the case of pressing a button to open a door. The degree of inter-
active granularity can correspond to direct human perception, such
as events in the game that are more or less close to the detail of
the human perceptual experience, which, as a consequence, may or
may not provide different reactions in users. Thus, this work poses
the question whether different methods of interactive complexity
of a specific action, such as opening a door, might influence the
player’s affective state, more precisely, if there are any noticeable
changes in the player’s physiological reaction.
Hence, the proposed hypothesis is as follows: "Can we observe a
greater physiological impact, through HRV, EDA and RSP, when
interactions have a closer proximity to that of their real-world coun-
terpart relative to interactive versions that are more artificial (i.e.
opening a door though a button prompt)?"

3 RELATEDWORK
3.1 Interactions in Virtual Reality
Interfaces such as VR systems can display immersive virtual envi-
ronments, where users feel fully present in that environment. The
use of this technology is strongly distinguished from "traditional"
video games by the level of immersion it provides and by the use
of the player’s own body as an interface for interaction with the
virtual world, leading to unparalleled opportunities that combine

player engagement with the amplification of their emotions. In this
context, using the game Smash Hit/Smash Hit VR (Mediocre, 2014),
a study conducted by Pallavicini et al. [24] sought to explore the
differences between an immersive mode, VR, and a non-immersive
mode, desktop, in terms of usability, emotional response and sense
of presence. Through self-report and by observing the increase in
both Skin Conductance Response (SCR) and HR, they concluded
that the VR video game was associated with stronger emotional
responses and players, in this modality, experienced an increase in
happiness and surprise, which did not happen in the non-immersive
version.
Additionally, through these systems, it is possible to induce the
sense of embodiment in relation to virtual bodies. Embodiment is
a complex term that has several meanings according to the field
where it is applied. Its explanation is beyond the purpose of this
paper, so the focus will be only on the definition according to the
field of video games. In video games, embodiment describes the
phenomenon experienced by players when they not only observe a
virtual body, but also develop the illusion that the parts of that vir-
tual body are parts of their own body. Studies have already proven
that this illusion provides means to modulate emotional responses.
For example, Gall et al. [10] conducted an experiment in which, by
manipulating the temporal synchrony of certain actions, they sim-
ulated two conditions: high and low embodiment. With this study,
they found that participants experienced greater arousal and more
intense valence in the higher embodiment condition, concluding
that the embodiment illusion intensifies emotional processing of
the virtual environment.
Thus, building interactions that enhance this type of sensation can
be useful when the purpose is to elicit or intensify certain emotions.
In games, interactions with elements such as doors happen very
frequently, so it is common for designers to take advantage of them
to trigger actions that lead players to face certain events or expe-
riences. Furthermore, in everyday life, we are used to open and
cross doors to move between spaces, so it is a common interaction
for users. This facilitates the process of learning the action in the
virtual reality environment, which can be an advantage to achieve
the desired immersion.

3.2 Horror Media
Horror entertainment is a thriving industry that can be segmented
into various fields, such as movies, books, video games, theater; and
paradoxical, since people willingly expose themselves to content
that triggers negative emotions [7]. According to Zillmann’s theory,
pleasure from terror comes from the conversion of negative affect
(fear, shock, etc.) into positive affect (euphoria, satisfaction) when
the suspense ends and the threat is resolved [23]. For these reasons,
this is a genre that attracts academic research mainly on topics re-
lated to the mechanisms and implications of horror entertainment
from psychological perspectives.
Horror games are a very specific genre designed to provoke fear.
These kinds of games provide an intense experience, balanced be-
tween the sensations of stress and satisfaction [13].
The main goals of terror are to frighten, shock, horrify, and even
repulse. For this, several strategies, visual and auditory, are used,
such as reference to the supernatural, darkness, mutilation, the
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unknown, among others [23]. To build a cohesive game several
parameters can be manipulated, namely the lighting, the audio,
the existence or not of non-playable characters (NPCs), the game
events and the generation of different levels [20].
A study conducted by Garner et al. [12], showed that the manipu-
lation of audio parameters, in particular changes in pitch, volume
and source position (3D audio), has the potential to influence the
intensity of a player’s fear response while playing a survival horror
game. In the same context, the results of the study by Toprac et
al. [28] suggested that the best sound design for causing fear are
high volume sound effects synchronized with the visual element,
whereas for triggering anxiety, medium volume sound effects, not
timed and without a spatially defined source are preferable.
Besides sound, to intensify certain emotions during horror games,
other components that can be manipulated are lights and colors. In
video game development, color psychology is a common tool that al-
lows the enhancement of certain sensations. For example, research
carried out by Andersson [2], revealed that players considered the
version of a horror game with white lights the scariest, indicating
that the more realistic colors of that version increased the feeling
of immersion, while continuous red lights were perceived as exag-
gerated or unnatural. In the same study, they also concluded that
flickering lights are associated with greater potential for danger
and jump scares.
Other elements, in horror games, that allow to drive players’ emo-
tions range from introducing enemies and limiting resources in the
game world, to restricting certain actions of the character [5]. A
classic scare technique is also the incorporation of sudden actions
such as surprise attacks, apparitions or other disturbing events that
happen without warning.
Furthermore, in the various horror entertainment media, doors also
have a special connotation. They are often used to hide something
secret or scary, and their appearance and context can give a sense
of horror and mystery [1, 15]. If, for example, the movie or game
is about a haunted house, it is typical to find an old house with
wooden doors that creak and sometimes open and close by them-
selves. In haunted houses, doors that refuse to open or close register
an anxiety that portends a kidnapping or return of something feared
[13]. Since the door is seen, by the players, as something dooming,
its passage is assumed as a major decision.
One of the advantages of applying this genre of video games for
research lies in the fact that, due to their nature, they provide play-
ers with emotional states of high arousal, which can be inferred
through psychophysiological measurements, such as heart rate
(HR), electrodermal activity and respiration [9, 11]. Still, it should
be mentioned that, although there are already plenty of reports
on the characterization of emotions based on physiological data
within the video games field, no studies have been documented that
explore interactions as specific as the one we intend to evaluate (i.
e. interactions with doors).

3.3 Affective Gaming and Use of Physiological
Signals

With regard to the measurement and interpretation of physiological
responses, considerable progress has already been made, especially
in areas such as psychology, neuroscience and cognitive science,

ergonomics and human computer interaction. The rise of the field
of affective gaming is noticeable by the increasing number of papers
published in the last 30 years [26].
In the literature, two possible types of feedback are proposed to be
used for adapting games to the player’s emotional state, regarding
the way emotions are collected and inferred, the direct and the in-
direct feedback [17]. Direct feedback is obtained through biometric
sensors placed on the user, such as EDA and ECG sensors; indirect
feedback takes advantage of indirect characteristics, such as the
way a player presses the buttons on a controller, or the way he
moves his character in the game. In the big picture, because they
have the advantage of providing quantitative measures, there are
more contributions of studies that use direct feedback approaches,
which highlights that, in recent years, there has been a targeted
effort in this direction, so that the state of the art, regarding the
deduction of emotions in the area of affective gaming, is through
the use of physiological activity sensors.
The direct relationship between EDA and sympathetic arousal is
well studied and evidenced. As a result, EDA is the most popular
method for investigating human psychophysiological phenomena,
and skin conductance is currently among the most common ways
to measure emotion responses associated with emotions such as
stress, frustration, and anxiety [33]. In a recent study Lutin et al.
[21] showed that, using a support vector machine (SVM) classifier
and by extracting features derived either from the decomposition of
the EDA signal into tonic and phasic components or from features
in the time-frequency domain, it is possible to successfully use
EDA as the only predictor of stress. In this experiment they used a
previously collected database, which included twenty participants
who had performed three stress-enhancing tasks. Using features
extracted from the EDA signal alone, they obtained a classifier with
72.50% sensitivity and 93.65% specificity, similar to the performance
results of a previous study with the same dataset, which resulted in
a classification model with 72.0% sensitivity and 93.4% specificity,
but which additionally included the use of HR.
HRV and HR are obtained by recording heartbeats. These can be
detected mainly by two methods, ECG and photoplethysmography.
Although the ECG is not as practical, since it requires the applica-
tion of electrodes on the player’s chest, there is consensus in the
literature that it provides a much more clear signal, and is therefore
considered to be better than the pulse signal [33]. Investigations in
the field of psychophysiology that use HRV as a parameter appear,
in most cases, associated with the simultaneous acquisition of other
signals, such as EEG [29] or EDA [9]. The experimental results of
these studies indicated that the acquired physiological measures
correlated with gaming experiences, even in relatively simple mea-
surement scenarios, such as the one present in a study by Drachen
et al. [9]. In this, participants were asked to play three games, Prey
(Arkane Studios, 2017), Doom 3 (id Software, 2004), and Bioshock
(Irrational Games, 2007), and, throughout that period, to answer
game experience questionnaires (iGEQ), with questions about im-
mersion, flow, competence, tension, challenge, and positive and
negative affect; the results indicated that there was correlation be-
tween HR and the seven dimensions of the questionnaire, whereas
EDA only revealed correlation with the negative affect dimension.
The research presented by Vachiratamporn et al. [29] also showed
the promising potential of using only ECG signals in the automatic
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prediction of states like anxiety and suspense, through a classifier
based on decision trees, in the context of a horror game. Here, the
obtained accuracy was superior, compared to the use of only EEG
for classification, or even both at the same time. Additionally, this
study found that players were more likely to feel fear of a scary
event when in a state of suspense, compared to when in a neutral
state, which is a result that may be useful in the development of
horror games.
Respiratory rate has also been used, essentially in combination with
other physiological indicators, to build predictive models of emo-
tions [14, 32]. In addition, several studies show its contribution as
a biofeedback mechanism in games, for example, for stress therapy.
Zafar et. al [34], developed a version of the game Pac-Man (Namco,
1980), which adapts its gameplay in order to encourage players to
control respiratory rate, promoting arousal regulation in stressful
environments. One advantage of using this type of physiological
signal, in the context of games with biofeedback, is that, unlike
other parameters such as HRV, breathing is an indicator that the
player can control.

Thus, the study of specific interactions in games, like doors, through
physiological measures, ECG, EDA and RSP, by combining the var-
ious concepts mentioned, such as embodiment and immersion, and
making use of techniques to trigger emotional states provided by
terror environments, may be an approach with important contribu-
tions, particularly at the level of the development of games in virtual
reality, since its results may be useful in understanding which game
modes provide better experiences to players.

4 MATERIALS AND METHODS
4.1 Game Design
The game is inspired by psychological horror and survival horror
games [13]. The action takes place within a closed environment,
consisting of a large room and an office, connected by two hall-
ways, Figure 1. The purpose of the game is for the player, confined
in a threatening environment, to try to escape from it. To do so,
the player will have to navigate through the scenario over eight
turns/sections. Throughout each turn a series of events occur, and
to complete the experience, the player only needs to go through all
the predetermined cycles in which these events are included.
The game states, across conditions and participants, are always up-
dated equally, triggering the same predetermined events, to ensure
a linear experience for everyone. Players can walk and observe the
virtual environment, navigating it through a first person perspec-
tive in VR.

4.1.1 Game Sections.
For the game, the typical horror game design was followed, with a
slow and gradual increase in tension over time (see Figure 2), which
has already been proven to be adequate to induce anxiety/fear [13].
Thus, a set of loops were designed, with the goal of eliciting several
stages of tension, essentially through changes in lighting, sounds,
and appearance of "threatening" regions or figures. The duration
of each section, and consequently of the entire game, varies and
depends on the player’s performance, and no time limit is imposed
for the experience. Some parts of the game are represented in Figure

Figure 1: A: Blueprint of the game scenario, with the respec-
tive identification of doors and rooms. B: Real perspective,
through Unity environment, of the developed scenario.

3. A full demonstration of the game and the two interaction systems
can be accessed here1.

Figure 2: Diagram illustrating the progression of anxiety
designed for the game.

In general, the sections can be summarized as follows:
Section 1 First turn of the game, where the participant is con-

fronted with the scenario and the environment. There is
no specific event, and the lighting level is high. It is thus
intended to provoke a low degree of anxiety.

Section 2 A background sound of light rain is introduced and
the brightness of the entire map decreases slightly. Through-
out the rooms, small events, such as sounds and flashing

1https://tinyurl.com/fdg23-45
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lights, occur. The goal is to start creating some tension in
the player.

Section 3 In this section, it is intended to create a sense of
suspense and hesitation. For this, the narrative is established
only by changing lights and sound and the appearance of
shadows. It is aimed to generate the perception that the
character is being watched by some entity.

Section 4 A significant increase in the tension level is expected.
The player is finally confronted with more concrete events,
beyond just changes in lighting and sounds, such as a paint-
ing falling in the living room and a rocking chair moving in
the office. In this section, the player has to interact with a
key, to open a door that is locked.

Section 5 Everything returns to the beginning, as in section
1, except for objects that have been moved throughout the
previous sections. A sense of return to a more calm state is
expected.

Section 6 A large storm begins and the lights start to fail. It
is intended to bring the player back into a growing state of
anxiety, with the introduction of bloody objects and human
sounds.

Section 7 At the beginning of the seventh section, there is a
general blackout of the lights and the player is required to
walk across the map with the aid of a flashlight. In terms of
scenery there are no changes, creating suspense and hesita-
tion in the player.

Section 8 In the last section, amaximum degree of anxiety/fear
is intended, compared to the previous sections. There is the
appearance of two creatures. Finally, when the player goes
through the last door, door 4, the experience ends.

4.1.2 Game Versions.
Considering the goal of the study is to observe different interactions,
two alternating versions were built:

• Game A: The more granular interaction, where the partici-
pant has to physically place their virtual hand near the door
handle and physical turn it;

• Game B: The less granular interaction, where the participant
only needs to be adjacent to the door and press the prompted
button.

4.2 Data Collection
4.2.1 Physiological Data.
For this work, the physiological data collected were ECG, EDA
and RSP. The monitoring and recording of these signals was done
using the BioPLUX system from Plux - Wireless Biosignals, S.a.
This device is controlled via Bluetooth connection. These data were
acquired, in the three channels, at a sampling rate of 1000 Hz, with
a resolution of the analog digital converter (ADC) of 16 bits, char-
acteristic of the equipment.
For the integration of the physiological data synchronously with
the game events, the Lab Stream Layer (LSL) [16] software was
used, which is a protocol with libraries and tools that allow the
synchronization and transfer of data and biosignals in real time.
Thus, all data of the participant’s physiological activity is transmit-
ted to the computer and saved using LabRecorder, LSL’s standard
recording program, in a single file in XDF format.

Figure 3: Examples of different moments in the game. A -
Appearance of a cat (Section 2), B- Frame drop (Section 3),
C - Key needed to open a locked door (Section 4), D- Bloody
footprints (Section 6), E - General blackout of lights and
flashlight (Section 7), F - Ghost (Section 8).

4.2.2 Game Markers.
In the same XDF file where the data of the signals are stored, the
event markers of the game are also registered. This registration
was done through a timestamp and an event identifier. The instants
associated with the markers selected as of interest for this work
were: beginning and end of the baseline, beginning of the tutorial,
start of the game and opening and passing each door.

4.2.3 Postexperimental Questionnaire.
At the end of the experiment, a questionnaire was presented to
the participants. This questionnaire is divided into ten questions.
These resulted from a review and adaptation of several usability and
gameplay questionnaires, namely the System Usability Score (SUS)
[6], SlaterUsoh-Steed Presence Questionnaire [27] and Presence
Questionnaire [31], fromwhich we selected questions that would be
adequate to the present project. In all questions, where the answer
is given according to scales, except for question six, the seven-point
Likert scale was chosen, from "1 - Strongly Disagree" to "7 - Strongly
Agree", since it presents a higher degree of reliability [8]. Question
six, which aims to evaluate the self-perception of well-being and
affectivity, was based on the Positive and Negative Affect Schedule
(PANAS) scale [30]. A Likert scale ranging from "1 - Not at all or
very Slightly" to "5 - Extremely" was used for this question.

4.2.4 Experimental Protocol.
Each volunteer begins by reading and accepting an informed con-
sent document. Once this step is completed, the participants are
asked to fill out the demographic questionnaire. Next, the electrodes
are positioned in the appropriate locations and the VR headset is
placed and adjusted. The participant is positioned in the room and
the tasks begin. These can be segmented into three phases: the
baseline phase, which lasts one minute and where the participant
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is instructed not to move or interact with the system; the tutorial
phase, where a short tutorial is presented to familiarize the partici-
pant with the virtual reality environment and the game mechanics;
and the game phase, in which the participant performs the activity
itself. At the end, the sensors and other equipment are removed
and then the game experience questionnaire is filled out. Once the
questionnaire is completed, the session is considered over.
Among different participants, the choice of which activity to per-
form, i.e. game A or game B, was alternated, so that half of the
participants performed the experiment with the button application
and the other half with the movement of turning the handles and
pushing the doors.
The questionnaires and methodology for this study were approved
by the Ethics and Deontology Committee for Scientific Research of
Lusófona University.

4.2.5 Participants.
The initial sample was composed of thirty individuals, twenty
male subjects and ten female subjects, however, and after the pre-
processing step, described in section 4.3, only seventeen of the
participants’ data were evaluated (12 male and 5 female). More
than half of the participants reported that they played video games
often or almost always (52.94%), the rest being divided into casual
gamers (29.41%) and individuals who rarely or never play (17.65%).
Regarding VR experience, only 17.65% responded that they played
casually or often, and of the surplus, 41.175% stated they had never
tried it or had done so a long time ago, and the other 41.175% had
their first VR experience not long ago. Finally, the majority stated
they never or rarely play horror games (76.47%).

4.3 Data Pre-Processing
The signals were visualized one by one, in order to detect possible
anomalies during the acquisitions. At this stage, thirteen of the
thirty initial signals were discarded. This elimination was due to
the fact that the EDA signal had saturated in ten participants and in
the remaining three there was no information corresponding to the
complete experiment, due to early interruptions by cybersickness
and errors in the game.

4.4 Data Processing
The signal processing was done in Python using Neurokit2. This is
an open-source package that provides a comprehensive set of meth-
ods for processing various physiological signals, e.g. ECG, EDA,
EMG and RSP [22]. The approach followed is outlined in Figure 4.
After the signal acquisition, raw ECG, EDA and RSP signals should
be processed. The raw signals are often corrupted by the external
noise such as powerline interference, baseline drift and other biolog-
ical artifacts like breathing and muscle noise. Various approaches
have been proposed for signal processing. In this study, we selected
the frequency filtering, which is efficient and easy to implement.
Before applying the filters, a z-score standardization of the data
was performed.
For the ECG, a high-pass butterworth filter of order 5 and cutoff
frequency 0.5 Hz was applied to eliminate slow fluctuations and
DC offsets, followed by a moving average filter to remove 50 Hz
power supply noise, which can be induced by poorly filtered power
supplies.

For the EDA, a butterworth low-pass filter of order 4 and cutoff
frequency 3 Hz, suitable for preserving the low frequencies charac-
teristic of these signals, was applied.
Finally, for the RSP signal, we applied a butterworth bandpass of or-
der 2 and cutoff frequencies 0.05 Hz and 0.5 Hz, which removes slow
fluctuations from the baseline and high-frequency noise and pre-
serves breathing frequencies between 3 and 30 breaths per minute.
After filtering the signals, they were segmented in order to study the
interactions with the doors. For this purpose, ten second windows
were created, using the door opening marker as reference. These
windows comprise two seconds immediately before the marker
and eight seconds after it. The duration chosen for the window
interval resulted from a consideration of several aspects, including
the average time of door opening by the participants, the possible
overlap of windows of two consecutive doors, and the minimum
acceptable time to obtain certain indicators of physiological signals.
Finally, the features of interest were extracted, namely the average
HR, number and amplitude of the SCR peaks, average respiratory
rate and average amplitude of the RSP signal.

Figure 4: Processing steps for each of the biosignals.

5 RESULTS
5.1 Game Design
To verify the degree of anxiety induced in each section of the game,
the physiological signals collected were divided in windows, cor-
responding to each lap of the game. Then, several physiological
indicators were extracted per section, namely the mean HR, Root
Mean Square of Successive N-N Interval Difference (RMSSD index),
powers in the low and high frequency range of HRV signal, number,
and mean amplitude of SCR peaks, mean respiratory rate and mean
respiratory amplitude.
In general, the results obtained allowed us to understand that, al-
though in many cases there were no statistically significant changes
between consecutive sections, it is possible, according to the indi-
cators studied, to observe certain response patterns to the different
moments of the experience. We observed a slight increase in HR
throughout the game, reduction of the RMSSD indicator, increased
power in the low frequency range of the HRV signal and a decrease
in high frequencies and sharp amplitudes of the phasic responses at
certain moments. Thus, a degree of tension and anxiety triggered
in the participants was confirmed. This could be used as a basis
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for future modifications, with the intent of optimizing the game to
meet any needs that further studies may require.

5.2 Questionnaire
For the present study, a reduced version of the PANAS questionnaire
was used, composed of five items to assess the positive affect (PA)
- determined, active, enthusiastic, inspired and interested - and
another five for the negative affect (NA) - nervous, afraid, scared,
guilty and upset.

Positive Affect: After verification of normality, when compar-
ing the means of the PA between the two versions (Condition
A: M = 15.30, SD = 3.61; Condition B: M = 18.57, SD = 2.61),
using t-test, there was no statistical significance (p-value =
0.073). However, in Figure 5A, we can see that Condition B
has the minimum and median values higher than Condition
A, with the points clustered in higher scores, indicating that
the PA in B may be higher. Thus, in this condition, partici-
pants experienced a greater sense of pleasure and subjective
well-being. However, this is a conclusion that may be condi-
tional due to the small sample size, and with a larger number
of participants, it could be proven whether this difference
would actually be statistically significant.

Negative Affect: The normality test showed no evidence against
it. When comparing the mean NA scores (Condition A: M =
8.90, SD = 2.51; Condition B: M = 10.57, SD = 3.66), there was
no statistical difference (p-value = 0.310), and by inspecting
Figure 5B, we can see that the data distributions between the
two conditions are not distinct. In this case, we also observe
that in both conditions, the NA scores are not as high as the
PA scores analyzed earlier, which reflects that participants
did not evaluate their experience as a displeasing activity.

Figure 5: A: Boxplots of the PA for conditions A and B. B:
Boxplots of the NA for conditions A and B.

The questionnaire also included questions about the gaming expe-
rience, namely:

(1) I think that having sensors placed on my body affected my
experience and may have made me more nervous.

(2) I felt comfortable during the games and did not experience any
feelings of nausea.

(3) I lost awareness of my surroundings while playing the game.
(4) I performed the game activities with high ease.
(5) I would like to use the game system frequently.

(6) Interacting with the game world didn’t feel as real to me as it
would in the "real world".

(7) I got so involved in the task that I lost track of time.
(8) The mechanics and interactions felt quite natural to me.

In only one of the items, question 8., was there a statistically signif-
icant difference between the groups (p-value = 0.025 < 0.05). Thus,
the participants who performed the tasks of condition B had the
perception that the interactions of this version were more natural,
as opposed to what was initially hypothesized. This may be related
to limitations in the development of the condition A interaction.
Figure 6 shows the distributions of the participants’ responses to
the questionnaire. We can see that, although the difference was
not significant, there was a greater tendency for participants in
condition B to feel sick. Also in condition B there was a greater loss
of perception of the environment and, therefore, greater immer-
sion in the game. With regard to the ease of execution of the tasks,
although in condition A we noticed some participants with more
limitations, the region of greater condensation of data is similar
in both conditions, and the participants agreed that the activities
were performed with ease. Regarding question 5., it is possible to
observe a positive deviation in the answers of condition B, which
suggests that the individuals who performed the activity in this
version were more pleased than the others. On question 6., there
is a great dispersion in the answers, with no distinction between
the two conditions. Finally, in 7., for both condition A and condi-
tion B, there is a greater density of answers in values higher than
five, which indicates that most participants had the sensation of
losing track of time while playing, which is another indicator of
immersion, and this, again, is higher in condition B.

Figure 6: Boxplots of the questionnaire responses (1, 2, 3, 4,
5, 6, 7, and 8) for each of the conditions.

5.3 Signals
5.3.1 ECG.
For the comparison of HR between conditions, we used the variable
ΔHR, which refers to the difference of the mean HR in the window
and the mean baseline HR. The results are shown in Figure 7.
It is possible to see, through Figure 7A, that, in general, the HR
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variations are higher and more positive in Condition B, suggest-
ing that this interaction stimulates more intense changes in the
emotional state of the individuals, because there is a greater sym-
pathetic activation. After checking the normality of the data, when
comparing the means of ΔHR between the two versions (Condition
A: M = 7.21, SD = 9.03; Condition B: M = 12.57, SD = 10.65), using
t-test, statistical significance was verified (p-value = 1.00e-09 « 0.05),
which corroborates the observed difference.
Regarding the variation across sections, Figure 7B, there are not
many differences in condition A, whereas in condition B there is
more fluctuation in HR throughout the game. When comparing
the interaction between the two conditions (A vs B), there were
statistical differences in sections 2, 3, 4, 6 and 8 (p-value < 0.05).

Figure 7: A: Boxplots referring to the ΔHR of the total num-
ber of doors of a complete game, for conditions A and B, B:
Boxplots referring to the ΔHR during the interaction with
the doors, along the sections, B1: Condition A, B2: Condition
B

5.3.2 EDA.
The analysis of the EDA signal was based on the identification of the
SCR peaks and their amplitudes.With regard to the number of peaks
per window, an almost identical overall result is observed between
the two conditions (Condition A: M = 0.90, SD = 0.76; Condition B:
M = 0.89, SD = 0.68), Figure 8A, which was verified through the t-
test, which was not significant, p-value = 0.969 > 0.05. By inspection
of the collected data, it was found that in most situations, there is
one SCR peak per window, thus per door interaction.
Looking at the results by section, Figure 8B, again there are no
evident differences between the two conditions. Still, it is possible

to see that in condition A, there are three sections that present,
on average, more than one peak, unlike condition B, where this
only occurs in the first lap. This may be related to the way each
interaction is executed. In section 1, participants in both conditions
were still in a learning stage, which may be a stress-enhancing task,
resulting in activation of the sympathetic component of the ANS
and leading to the emergence of more phasic peaks. After a short
period of time, most of the individuals assigned to condition B had
already mastered the task, while in the case of condition A, several
participants showed a greater delay in this learning process, because
it is a more complex interaction. This may justify the existence of
more peaks, not only in the first section, but also by the third
round. Finally, throughout the acquisitions, it was noticed that the
moment of the game in which the lights turned off (sections 7 and 8)
was more frustrating and stressful during experiment A, since the
position of the flashlight was not optimized for the players’ height,
so they had some difficulty in visualizing the door handle and,
consequently, in performing the interaction with ease, which could
be a possible justification for the increase observed in Figure 8B1,
section 8. Still, although slight variations were noted, the results of
the statistical tests did not exhibit significant differences between
the two conditions.

Figure 8: A: Mean value of the number of phasic peaks per
window and their standard deviation considering all doors
crossed in a full game, for conditions A and B, B: Mean value
of the number of phasic peaks per window and respective
standard deviation over the sections of the game, B1: Condi-
tion A, B2: Condition B.
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As for the amplitude of identified SCR responses representative of
the interaction with the doors, overall no considerable differences
were observed, Figure 9A, which was verified by the statistical test,
p-value = 0.271 > 0.05 (Condition A: M = 0.45, SD = 0.56; Condition
B: M = 0.49, SD = 0.50). Across the sections of the game, Figure
9B, between equivalent sections of the two conditions, again, no
concrete criteria for distinction are evident. In statistical tests, only
one of the sections revealed a different distribution between the
two conditions (p-value < 0.05), namely section 6, where higher
phasic peak amplitudes were observed in condition B.

Figure 9: A: Boxplots concerning the SCR amplitude of the
peaks per window of the totality of the doors of a complete
game, for conditions A andB, B: Boxplots concerning the SCR
amplitude during the interaction with the doors, throughout
the sections, B1: Condition A, B2: Condition B.

5.3.3 RSP.
To evaluate the respiratory signal during the interaction under
study, respiratory rate and signal amplitude were used as physio-
logical indicators.
Because condition B participants had considerably high baseline
respiratory frequencies, the analysis was performed between con-
secutive sections using ΔFR, obtained through the difference of the
respiratory frequency of one section with the previous section. In
Figure 10A, no evident differences can be seen between the two
conditions. When comparing the means of ΔFR (Condition A: M
= 0.25, SD = 4.26; Condition B: M = -0.34, SD = 4.03), using t-test,
there was no statistical significance (p-value = 0.103 > 0.05).

Analyzing the game sections, individually, Figure 10B, again it is
not possible to identify a criteria to distinguish between the two
interaction modes, both showing identical value distributions.

Figure 10: A: Boxplots regarding the ΔFR of all the doors of a
complete game, for conditions A and B. B: Boxplots regarding
the ΔFR during the interaction with the doors, throughout
the sections, B1: Condition A, B2: Condition B.

Looking at the amplitude of the signal, whose results can be seen
in Figure 11, we see higher values of this parameter in Condition B.
Considering the contribution of all windows of a complete game
(Condition A: M = 0.57, SD =1.13; Condition B: M = 2.13, SD = 1.63),
the statistical test revealed significant differences between the two
interactions (p-value = 8.962e-34 « 0.05), which corroborates this
observation.
Similar to the differences identified, when weighting all windows,
the analysis by sections revealed a tendency for the variations in
respiratory signal amplitudes to be greater in condition B, which
was also verified using t-tests.
Several studies indicate that rapid and shallow breathing is found
during the performance of a stressful mental task and appears to be
associated with anticipation, a pattern that may in turn be linked to
a range of affective states such as concentration, resolution, tension,
anxiety, fear, and ultimately panic. Whereas, an increase in respi-
ratory rate combined with an increase in breathing depth seems
to be associated with states of arousal/activation, often related to
emotions of fear, anger, and joy [4]. Thus, the observed changes
may indicate that the stress/tension felt by participants in condition
A was higher, whereas condition B provided a greater degree of
activation/excitement in the participants.
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Figure 11: A: Boxplots regarding the ΔAmplitude RSP of the
totality of the doors of a complete game, for conditions A
and B, B: Boxplots referring to the ΔAmplitude RSP during
the interaction with the doors, throughout the sections, B1:
Condition A, B2: Condition B.

6 CONCLUSION
The main purpose of this study was to evaluate two different inter-
actions in a virtual reality horror game, according to their impact
on the players’ stress/anxiety intensity, assessed by analyzing the
behavior of several physiological indicators, obtained through EDA,
ECG and RSP signals. With this, it was intended to understand
which of the interactions provided a better game experience, this
being understood as the one in which greater changes were ob-
served in physiological parameters. As a hypothesis, it was initially
proposed that the version that would respect these criteria would
be the one in which the most realistic and closest to human actions
interactions were implemented. For this study, mean HR, number
and amplitude of SCR peaks, mean respiratory rate, and mean res-
piratory amplitude were analyzed.
The results obtained allowed us to conclude about the existence of
divergences between the physiological responses to the two con-
ditions, which may indicate different emotional reactions when
playing one version or the other. More specifically, there was a
greater variation in heart rate and a greater fluctuation in respira-
tory signal amplitude in the condition where players only had to
press the button to open the doors, which indicates a more intense
response to stress and a higher level of excitement/activation in the
participants who played this version. Through the questionnaires,
we also perceived a preference of the participants for the button
interaction.

Thus, we conclude that, in opposition to the hypothesis put forward,
the interaction that seemed to provide the best game experience
was not the one that most closely matches the natural human move-
ment of opening a door.
In view of the results achieved, in order to reach more robust con-
clusions, it would be advantageous, as a first approach, to repeat
the tests and the respective analysis, similar to the one performed,
for a larger number of participants. Some improvements should
also be made in the interaction with the door, in order to make it
more fluid, promoting a greater sense of embodiment. Addition-
ally, changes can be introduced in the markers. On the one hand,
it would be more rigorous if the marker for the opening of the
door would be at a key moment of the interaction, for example,
when the player starts the rotation movement of the handle, and,
on the other hand, it could also be interesting the introduction of
markers to verify multiple successive attempts to open the same
door. Regarding the experimental protocol, for this study, we chose
to alternate the different conditions among different participants,
even though favorable results could be obtained for the intended
study if each individual was exposed to the two types of interaction.
A physiological indicator to deduce the player’s immersion and
sense of embodiment throughout the experience could also be a
useful addition to this evaluation. Thus, in future work, EEG could
be included, a signal that has already proven useful in measuring
presence in virtual reality environments [3].
Finally, it should be mentioned that this type of analysis, based
on games, has some limitations, as each participant ends up expe-
riencing the events in a different and uncontrollable way, which
can result in a considerable variability in the data obtained, as we
have seen throughout the analysis of the different parameters. Ad-
ditionally, the fact that some participants reported feeling nauseous,
especially in condition B, may have had an influence on heart and
respiratory rates, heart rate variability, and sweating. However, due
to individual differences in autonomic regulation and variations
caused by the game experience and events itself, it is difficult to
predict the contribution in physiological responses directly related
to the cybersickness phenomenon.
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