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ABSTRACT

Gaze interaction in video games, using eye tracking, is in growth. No longer only
used for novelty interaction but also as an integral part of the game’s mechanics.
However, while gaze interaction is becoming more and more prevalent, gaze aver-
sion appears to continue in novelty. Within this paper, we explore the dichotomy of
”see” and ”not see”(look, don’t look”) interactions with what we define as ”vision-
based interactions” as an alternative to traditional eye-tracking gaze interaction
for VR horror game elements. Related work applies an exploratory approach to
gaze interaction but with a focus skewed towards one end of this dichotomy, and as
such, this project is positioned as a comparative perspective on both. We contribute
the results of a study investigating how effective these interactions are at eliciting
different responses to these VR horror game elements. Our results suggest that
we might be capable of expecting different interactions with differing intricacies to
elicit stronger responses from users to VR horror game elements.
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1 Introduction

Eye tracking, as a means of video game interaction, has become more prevalent.
While this has been the case as a research topic in recent years, the gaming industry
has gained an interest in the paradigm as well. With the recent release of the PSVR2
[26] as the �rst "budget" alternative for eye-tracking capable headsets, as well as
the ability to publish on the largest console platform in the world, eye-tracking
games have begun to emerge. Such games implement eye tracking capability, not
just as a novel limited interaction[11], but as a key mechanic[10]. While this is
true, scarcity still exists. Scarcity, not only within integrative implementations of
gaze interaction but also hardware. Since the advent of eye-tracking capabilities
in VR headsets, it has not been an a�ordable a�air. While PSVR2 aims to bridge
this gap, it is still signi�cantly more expensive than the Quest 2 [18], as is used
in this project. Not just this, development with the PSVR2 is limited to certi�ed
developers, subject to approval by Sony themselves. Open platform solutions are
available, such as the Quest Pro [19], but they come with a very signi�cant price
tag. With this in mind, how could we develop something for the paradigm of gaze
interactions but without the necessary hardware to do so?

Our aim is to provide the possibility for development within the paradigm of gaze
interactions with less expensive and more widely available VR headsets. To this
end, we approach what we call "Vision-based interactions.". While not utilizing
eye-tracking capable headsets, we attempt to simulate the e�ects of which using
the head-tracking capabilities of the headset as well as casting a ray from the
center of the user's point of view. While this is not gaze interaction, as no eye
tracking is involved, we believe it could be an appropriate concession. Sidenmark
and Gellersen[25, p.4] show that while the user is capable of more, the user's gaze
rarely extends beyond 30°, although they are capable of rotation up to 50°.

We seek to study the e�ectiveness of these interactions, speci�cally within the
genre of VR horror games, and how the implementation of di�erent vision-based
interactions could increase the fright experienced by players. I.e.:

1. What are the e�ects of distinct vision-based interactions in VR-Horror games?

2. Can we expect some interactions to be scarier than others?

We approach this in the explorative manner, seen in other gaze interaction studies
by Gomez and Gellersen[22, 21, 23] and Vidal et al.[29]. However, while these papers
employ an explorative approach, they do not compare the e�ectivity of "gaze" and
"gaze aversion"(look, don't look) as interaction methods. It is our goal to explore
and compare this dichotomy through vision-based interactions, particularly in a
horror video game context. To this end, we constructed a VR study environment
to evaluate these interactions and provided the context for the relevance of our
approach.
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2 Related Work

Vision-based interactions are becoming more prevalent in the VR space and emerg-
ing slowly within the VR-gaming space. The area is rapidly gaining interest for
research; however, the commercial solutions and products available to the consumer
are scarce. Even when these solutions are available commercially, the technology is
state-of-the-art. Out of this scarcity, it has become apparent that a more method-
ical and exploratory approach to these interactions is necessary.

We aim to provide the commercial context for this scarcity and how we aim to
di�er from the existing research on these interactions.

2.1 Gaze interactions and VR

When de�ning the landscape wherein our solution will exist, we must consider the
commercial context. How do we de�ne what the commercial context is when we
wish to consider vision-based interactions in VR horror games? Eye-tracking is be-
coming more and more prevalent in video games. With the release of the PSVR2,
an eye-tracking capable VR headset, games utilizing eye-tracking technology be-
came more prevalent. Eye tracking allows for the translation of the user's gaze to
input. However, even though this project does not utilize eye-tracking technology,
eye-tracking solutions are still relevant as related work. Although the user can use
a wider range of vision with eye tracking, it has been shown that the user rarely
does[25]. Sidenmark and Gellersen[25] show that while the user is capable of more,
the user's gaze rarely extends beyond 30°, although they are capable of rotation
up to 50°. Keeping this in mind, a solution that does not use eye tracking but a
collider or ray emitted from the head of the user could achieve equally accurate
input. This is only guaranteed, however, should the ray or collider's diameter be
wide enough to encompass a similar section of the user's FOV. Several launch titles
for the PSVR2 headset use eye-tracking technology.

"Before your eyes"[10] is an upcoming PSVR2 game for the PlayStation platform.
The game follows the player's life in 
ashing moments, allowing the player to con-
trol the progression of these moments by blinking.
"Switchback"[11] is yet another upcoming PSVR2 horror game, making use of eye
tracking for another "blink" mechanic. The player enters an area of the level and
is met by stationary �gures. These �gures' intimidation is increased the more the
user blinks.

Existing research does exist within the paradigm of exploratory eye-tracking re-
search. Gomez and Gellersen[21] explore the "not looking" aspect of gaze inter-
actions. This approach allows them to explore the more intricate and atypical
interaction of "not looking"[21] in gaze interactive video games. While gaze inter-
action as a paradigm is mostly studied in a more direct sense, meaning the use of a
more typical "looking" interaction, the inverse is rarely so. Gomez and Gellersen[21]
created a framework to analyze and categorize these "not looking" interactions in
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gaze-interactive video games. For each game present in the framework, the players
are made to look away from said game,... up to the extent they close their eyes[21,
p.1].

While this approach is explorative, as ours, the exploration of these interactions is
not for intentional gaze interaction[21, p.1], the focus is instead; on what are the
outcomes of unexpected using unexpected gaze interactions and how we approach
interaction design for gaze with this in mind. This does not, however, mean that
the dichotomy of looking or not looking is not present in their research. Still, the
perspective is skewed to the unintentional use within this dichotomy and to the
betterment of how to further gaze interaction design with this perspective in mind.
As such, ours is an intentional approach. Studying how both looking and not look-
ing could be two di�erent interactions and the performance of each of these within
a horror VR approach. The conclusion of the article is also that the exploration of

Figure 1: Unexpected Gaze Interaction Framework[21, p.3]

this "ambiguous"[21, p.6] not looking interaction could become a tool for designers
to explore the limitations of the technology. As such, we follow up on this conclu-
sion, approaching the unexpected interaction as an independent approach.

Looking Outside the Box: Re
ecting on Gaze Interaction in Gameplay[22] is an-
other exploratory study for gaze interaction in video games. The goal is to chal-
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lenge the understanding of gaze interaction use cases for video games. This is done
through the "common"[22, p.1] use of gaze as a pointer, used for navigation, selec-
tion, and aiming within their game "Twileyed." While this approach is exploratory,
the goal is similar to that of Gomez and Gellerson[21], which is to further the con-
versation and discussion on the topic of gaze interaction within video games while
thinking outside the box of the technical limitations of eye tracking. While we do
not attempt to explore the intricacies of the "common" use of gaze or vision-based
interactions in video games, our scope is that of the dichotomous "look" and "don't
look." This project extends in the direction of di�erent interaction types(static and
dynamic) and how the intricacies of these interactions a�ect the user's experience.
For example, would there be a discernible di�erence in how the user reacts to this
behavior of a dynamic horror element while looking vs. not looking?

What about "not looking," also called "gaze aversion"? SuperVision[23] concerns
gaze aversion, what we have previously called "don't look," and peripheral vision.
Two parts of what we have explored here in this thesis. They constructed a frame-
work in which this paradigm of gaze aversion is introduced and subsequently intro-
duced a concept called "SuperVision." SuperVision is a collection of three games
that play with gaze aversion and peripheral vision. The goal of these games, and
the paper, is to challenge players through interactions that force them to play us-
ing their peripheral vision. Their �ndings showed that despite players only utilizing
their peripheral vision, they found not only did they successfully complete the video
games, but their peripheral awareness would also appear to have improved[23, p.9].
SuperVision's research shows us that it is possible to implement aversion as a suc-
cessful means of interaction in video games. However, where our approaches di�er
is not only in the genre in which we present these interactions but also in how
they function. While SuperVision concerns speci�cally the ability of the user to
complete tasks only within the periphery of their vision, this project concerns the
ability of the user to understand that they can and how they can interact with the
environment using their vision. Subsequently, what impression these interactions
leave the users with is also a key di�erence since SuperVision mainly concerns the
performance of the users interacting with the game[23, p.9]. Gomez and Lankes[24]
proposed a diegetic perspective to gaze interactions. In doing so, they suggested a
diegetic approach to gaze mechanics in video games, introducing "gaze roles"[24,
p.4] and "gaze metaphors"[24, p.6] as concepts. Gaze roles are described as follows:

ˆ Social Gaze: The use of gaze related to trigger social constructs,
behaviors, and those events related to human relationships of at-
tention. This role illustrates the gaze mechanics used to interact
with characters, e.g., greeting or show attention socially.

ˆ Gaze Power: When gaze is used to trigger actions that would be
considered �ctional or not possible in real-life. This role represents
the gaze mechanics that allow the player to use special features that
belong to the game avatar just by looking.

ˆ Gaze Hurdles: The function of gaze assumes a curse or di�culty
and a problem to the player posing a game challenge. This role
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illustrates the gaze mechanics that penalise the player for looking.
[24, p.5]

Ultimately categorizing and listing surveyed gaze interactions[24, p.8] in order to
support designers in integrating gaze into existing implementations and using gaze
as an integral part of other project's mechanics. Our aim is to integrate vision-based
interactions as an integral part, and as such, our solution, if it were eye-tracking,
could be categorized using this diegetic approach.

Extensive work is already present[23, 22, 29, 21, 24]; however, the concerns of
these papers are not to cover gaze interactions' dichotomous "look," "don't look,"
but rather explore the intricacies of these two in relative isolation. Some, like Vidal
et al.[29], cover the potential for gaze aversion in the context of social interaction.
Some, like Gomez et al.[22], cover the potential for discovery outside the realm of
the "common" use for gaze interaction.

2.2 VR and horror

Considering how vision-based interactions have been implemented in horror games
and VR-horror games, particularly, is of interest. "Don't Look Back"[8] is a VR
application that simulates the experience of an o�ce worker being menaced by a
supernatural entity. The user takes the place of the o�ce worker and experiences
this supernatural entity. The user looks for anomalous environmental e�ects in
order to know when the entity is present.

The player's virtual sanity depends on maintaining a balance between
their mundane work responsibilities and their anxious curiosity about
the advancing horror.[8, p.2]

Built with the same engine, as well as utilizing the same libraries for VR develop-
ment, Don't Look Back has the same developmental prerequisites as this project.
The user must keep a monster at bay behind them and look at them in order to do
this. Looking at the monster makes it disappear, allowing for a "grace period"[8].
The user's real-life movement is translated into the game via. the headset, allowing
the user to turn their head in-game physically [8]. As with this project, "Don't
Look Back" aims for the key game mechanic to be the user's vision. The game uses
the "sanity bar"[8] mechanic, which is present in many horror video games. The
bar is a representation of the player's sanity, and a decrease too great will cause
the player to fail.
Replacing the traditional antagonistic mechanics that games regularly use, such as
literally attacking the player, sanity mechanics allows for a more visceral response
to an enemy. It also opens the door to di�erent interactions with enemies in the
game. As with games such as "Amnesia: The Dark Descent"[9], the sanity meter
is drained, not only when interacting with an enemy but also when lingering in the
dark or experiencing something sinister. After this, the player's vision would begin
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to become impaired, simulating an increasingly strong headache. The "painting"
(5) elements present in this project were considered as an implementation of a san-
ity mechanic; however, this aspect was relegated to future work.
To elicit a more visceral interaction with the game elements, the horror elements
were of necessity made to be frightening. As is with frightening elements, not just in
video games, suspense proves e�ective. To that extent, a methodology was applied
meant to heighten the suspense of the player's gameplay within the test environ-
ment, as warning systems in horror games have proven e�ective at eliciting the
sought-after response[20]. Forewarning has been shown to increase the emotional
response to horror elements in video games[20] as well as suspense.

Player fright has also been shown to be greater in moments where PSI[16] elements
are present in VR horror games. Such elements are de�ned as:

\the illusion that what is happening is real even though you know that it
is not real." (Slater, 2009, p. 3561). For example, in a survival horror
VR game, we know that the zombies are not real, but when they walk
up to us, our bodies and brains respond as if they were...[16]

By employing a dynamic antagonistic element to the environment, we are trying to
elicit the PSI illusory response from the user, producing player fright. If successful
in our attempt to trigger this illusion, we hope for greatly improved user fright and,
thus, a greater immersion due to the player's gut reaction.

We will examine the design and implementation of these interactions and, subse-
quently, how a study environment where in which to evaluate them was constructed.

3 Development process

3.1 Preliminary prototyping and test environments in Unity

The initial idea we had for an interaction using vision in virtual reality consisted of
a dynamic horror element (a monster in this case) you had to pass without looking
at it. If you look at it, it will start to chase you until you look away again. The
level involved a narrow corridor where the monster would stand between you and
the exit. We started out creating a small and simple level to see whether or not
the idea had any merit at all. The level consisted of a small, fully textured corridor
with an enemy or a monster in your path (2). We got the monster model from a
website hosting free 3D models [15]. We even implemented animations (using the
Adobe Mixamo website [1]), so the monster actually has an idle animation and a
chase animation that can be switched between. Textures and meshes are from the
Unity Asset Store [7]. The interaction was made using a simple raycast that is
being sent forward from the middle of the VR view in the direction of the camera.
The ray is able to detect a collision with a 3D collider and change the state of the
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object it is in collision with. Later we discovered a much more versatile method for
doing this using Unity's OpenXR VR package instead of our own custom script.
This idea of something chasing you based on where you look in VR turned out to
be rather e�ective in terms of immersion and scare factor, we thought. This laid
the foundation for further exploration of similar kinds of interactions.

Figure 2: First test level

3.1.1 The atmosphere in horror games

The atmosphere is a vital part of any horror game [13]. It helps set the tone/mood
and immerse you. Therefore, we wanted to try and explore the look and feel of
di�erent horror games. We looked at di�erent art styles in modern commercial
horror titles to �nd one that felt scariest to us. One type of modern horror game
that stood out to us was the type that tries to imitate old PlayStation 1 graphics.
Old classic PS1 horror games like Resident Evil [4] or Silent Hill [14] have something
very eerie, strange, and just plain wrong about them [12]. PlayStation 1 graphics
have characteristics like vertexes and meshes jitter as you move the camera, no
texture �ltering and low-resolution textures, etc. We tried to explore this style
by using an open-source shader in Unity, allowing for this style to be added to a
modern game engine. Adding this to the corridor level made it feel very unsettling
to us. The shader enables vertex jittering using the Universal Render Pipeline's
shader graph. On top of that, we downscaled the textures used to a maximum of
128x128 pixels and disabled texture �ltering, giving it a very pixelated look and
staying true to the PS1 style of graphics (3).

However, translating this graphics style into VR had a negative impact on us
in terms of motion sickness, especially because of the vertex jittering when moving
the camera because your head is in constant motion in VR. Furthermore, one of the
e�ects of VR is that games feel more like real life, but using the PS1 style has quite
the opposite e�ect and makes it very obvious that you are playing a video game.
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Figure 3: Corridor level with PS1 graphics style

Instead, we ended up going a very di�erent route by taking heavy inspiration from
some of the most popular horror video game titles instead, like Amnesia: The Dark
Descent [9], Layers of Fear [27], and the newer Resident Evil titles [4]. These all
use much more modern graphics to create an immersive experience for the player,
such as realistic shadows, high texture quality, and polygon count. All of these are
absent from the older PS1 style of graphics. To further explore di�erent types of
interactions using vision in VR, we created a very simple test environment. The
di�erent colored cubes represent di�erent interactions using vision (4).

The main interactions we tested in this environment were:

ˆ See to make an enemy chase you (red cube)

ˆ See to stop the enemy from chasing you (red cube)

ˆ See to make the enemy move away from you (green cube)

We did not �nd the green cube interaction particularly scary, and we do not
think it �ts very well in a horror video game context. We think that making the
player feel vulnerable makes it more scary. That is why we chose to move forward
with the two chase interactions.

So far, we have only dealt with dynamic moving elements, but we also wanted
to experiment with the interaction of static horror elements using vision in VR.
A common example of a static element in horror video games is paintings. For
example, in the games: Amnesia: The Dark Descent [9] or Layers of Fear [27],
paintings may change their appearance over time. They might go from a seemingly
normal-looking painting to something scary or unsettling. Using this as inspiration,
we created our own similar painting in Unity (5). Using a shader that could be
manipulated over time, the painting will slowly change appearance over time if
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Figure 4: Test environment experimenting with di�erent interactions on dynamic
horror elements

looked upon. However, we later ended up using a much more similar interaction
as the dynamic element in the user study, allowing us to compare the two di�erent
kinds of elements better.

Figure 5: Static horror element in the form of a painting

3.2 Finalizing interactions

3.2.1 Dynamic element

We also explored di�erent parameters for each interaction, such as speed, delay,
rotation of the enemy, etc. For example, setting the speed of the enemy too high
made it much more di�cult to 
ee from it and made one wrong move much more
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critical for the player. We ended up setting the speed in the nav mesh agent to
1. This allowed the player to have a much better chance of avoiding the enemy,
thus lowering the di�culty. Using rotation on the nav mesh agent made the enemy
move more naturally because it would face the player when moving toward it. (See
Appendix .3 for nav mesh settings).

In some modern commercial horror game titles such as Resident Evil [4], Ghost-
wire: Tokyo [3] and even in television (Doctor Who, \Blink" episode [2]), there is
a type of horror enemy or antagonist that only moves when you are not looking
at it. Reminiscent of the children's game "Red light, green light," also known as
"statues" [17]. It felt very natural to try and experiment with this kind of interac-
tion in VR. This became the inspiration for the red cube in our test environment.
We found that some of these horror games tend to add a very slight delay to the
movement of the enemy when it stops. That way, you are barely able to tell that
it moved apart from the fact that it changed position from when you �rst looked
at it. We wanted to explore the e�ect of this delay in our user study section of
the paper. The delay was added to the enemy by using our own custom C-sharp
script. With Unity co-routines, you can postpone a function call by any number
of seconds. We found that 0.2 seconds made you able to barely notice the delay
and that something moved without making it obvious. Similar to the horror titles
mentioned. In these horror games, the enemy also moves toward the player if the
monster can not see the player. So if something obstructs the path between the
player and the enemy, it will move towards the player until nothing is obstructing.
The enemy is, therefore, always going to be nearby. We think this adds another
sinister layer to the enemy. It feels like it is always watching your every move and
knows precisely where you are at all times. We wanted to implement this into our
enemy's behavior as well. Using a ray cast between the player and the enemy, we
can check if something is colliding in between. If there is a collision, the enemy
moves towards the player until there is a clear line between (6).

3.2.2 Static element

Drawing inspiration from the interactions of the dynamic element, we also im-
plemented the same interactions for the static element but instead of chasing the
player, it will change appearance (7). For example, one interaction is changing the
appearance when not looking and then switching back when looking. Using a slight
delay, like with the dynamic interactions, the player is barely able to glimpse that
something is o� about the painting. In the study, we will explore the e�ect of such
a delay.

4 Study Environment

For the design of the study environment, the goal was to create something as close to
a popular commercial horror video game as possible. The inspiration was primarily:
Amnesia: The Dark Descent [9], Resident Evil [4], and Layers of Fear [27]. In these
titles, you are often navigating rooms that are reminiscent of those in a haunted
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Figure 6: Test environment with the dynamic enemy being able to navigate rooms
and move until it is able to see the player

Figure 7: Painting changing appearance when not looking

house. This was the primary inspiration for the level design. The prototype for
the study functions like a typical video game, which means the player has a goal
or a destination, and there are challenges to face along the way. The goal of the
game is to �nd a key that is hidden somewhere in the level. We made a level
for each interaction. There are six di�erent kinds of interactions to test for each
horror element (dynamic and static) which makes twelve levels in total. Each level
is made up of a 3x3 grid of same-sized rooms, and there is only one path forward
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