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Fig. 1. Screenshot of the Virtual Reality game “Thief Simulator”.

This paper examines different gaze-based cue visualization techniques in a Virtual Reality (VR) exploration
game. It is argued that gaze could be a valuable design tool for providing cues to players. However, little is
known about how these elements could be visually presented and integrated to inform players and fit into the
game world. An exploratory study was carried out to investigate four different design approaches (subtle,
overlaid-virtual, integrated, emphasized) and their effects on aspects such as clarity, usefulness, and curiosity.
In general, the visualizations led to different player impressions on all scales. While players perceived the
subtle and emphasized variants as more aesthetically appealing, integrated and virtual-overlaid solutions
received more positive ratings regarding tool-related aspects such as ease of extraction and accurateness. We
anticipate future work could employ gaze-based cues in various application contexts based on their utility as
eye input in VR games continues developing.
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1 INTRODUCTION
Cues are an essential design element in games: They inform players if a door can be opened, where
to go next in a level, or where an enemy’s weak spot is located. They can manifest themselves as
visual cues, when, for instance, players hover the cursor over a relevant item in an exploration
game [70], via auditory cues, when players investigate a crime scene [77], or by haptic cues, when
a player takes damage [14].
Cues are especially relevant in Virtual Reality (VR) games that offer more natural and diverse

interaction and presentation forms than console or PC video games [64]. The presence and move-
ments of the player’s body play a relevant role in VR experiences as hand gestures [44], facial
expressions [28], and also gaze [35, 45] are employed to get in contact with the game world. The
problem is, however, how cues can be integrated within a VR experience. Players need to be aware
of something relevant for the game, but without being too explicit to provide an immersive and
engaging game experience (GX).

In this context, we deem that gaze could be a valuable addition to providing cues to players. The
potentials of using gaze in games were demonstrated in several studies (e.g., [15, 17, 25, 26, 39, 53,
57, 75, 85]). A benefit of using gaze is that cues could be triggered without any explicit input (e.g.,
pressing a button, move the controller’s pointer to a specific location). Naturally, players view a
scene to orientate themselves and scan for objects and areas relevant to the game’s and their own
goals. Besides, cues could be presented at predefined areas by knowing where the current gaze
position is located.

In this work, we will focus on one specific aspect of gaze-based cues in the context of VR games.
Research findings suggest that gaze-based interactions could be used for providing cues in PC and
video games (e.g., [39]). However, little is known about how these game elements could be visually
presented and integrated into VR. By building on the work of Dillman et al. [16] introducing a
framework for visual interaction cues in videogames, this paper explores different kinds of gaze-
based cue visualization techniques, ranging from subtle to overlaid approaches (see section 3 for
more details).

This work makes the following contributions: First, it presents an exploratory study composed
of gaze-based cues with different visualization techniques in VR. Second, it demonstrates the
application of the concepts through a VR game prototype that features gaze-based cues. Third,
the work contains a detailed discussion dealing with potential design considerations that should
support integrating gaze-based cues in games.

2 RELATEDWORK
The following section provides an overview of the state-of-the-art focusing on the topics visual
interaction cues in VR games (i.e., how cues can be visually designed to arouse the players’ interest),
gaze in games (i.e., which possibilities are available to integrate gaze in games), and gaze-based
interaction cues in games (i.e., how the gaze can be employed to guide the players’ attention).

2.1 Visual interaction cues in VR games
Creating visual interaction cues for VR games appears to be a challenging endeavor that implies
several design considerations. It is essential to contemplate factors like a consistent color palette [7]
or the placement of visual cues throughout a game [78]. Games with a strong focus on exploration,
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like Stormland [22], use visual cues to guide the player through the game world [65]. These games
are typically made up of visually complex scenes with many interactive and non-interactive game
objects that should encourage exploration. One main challenge for artists and designers is that
not all elements are relevant to the plot. It appears to be difficult to point the players in the right
direction without sacrificing the game’s challenge to keep the players’ interest [12].

By explicitly addressing the game context, Dillman et al. [16] introduce a descriptive framework
of visual interaction cues in video games. It has to be noted that their categorization addresses
games in general and not VR games. For example, the employ games like Doom [30] or the Witcher
3[13], as examples to illustrate their framework.

However, we deem that their categorization attempt can also be applied to the VR domain. This
is done in the following paragraphs by providing VR game examples for each category. Dillman
et al. [16] distinguish visual cues along three dimensions: task (i.e., the purpose of the cue), trigger
source (i.e., circumstances under which the cue is shown), and markedness (i.e., the visual design
of the cue).
Concerning the task dimension, designers employ cues to support players in discovering inter-

actable objects, gazing at a relevant entity in the game scene, or proceeding to an area or location
in the game level. For instance, in VR exploration games (e.g., The Solus Project [29]), players
move the motion controller over the scenery. As soon as the controller pointer intersects with an
object required to proceed within the game, the user interface (UI) changes its appearance (e.g.,
interact icon). Similar concepts can be found in many game genres, such as action-adventure games
(e.g., Alice VR [73]), sports games (e.g., Apex Construct [21]), or simulations (e.g., Mirosoft Flight
Simulator [72]).
The trigger dimension refers to how the cue is triggered into visibility, driven by the players’

agency, Non-Player Characters (NPCs), and persistent cues. In games such as Fallout 4 VR [74],
NPCs use nonverbal behavior to show their desire to interact with the player. In Jump’n’ run games
(e.g., Temple Escape VR [92]), players are made aware of traps by visually emphasizing dangerous
areas. The trigger dimension also deals with the type of game input that triggers the cue. For
instance, players might explicitly press a button on the gamepad to receive a cue and, coincidentally,
move the mouse cursor over a cue-sensitive area. In this regard, gaze could be an exciting form of
input as it could be harnessed as an implicit form to trigger cue-related events.

Last, the markedness deals with the visual quality of the cue and how the cue is embedded into
the game scenery, which can be subtle, emphasized, integrated, or overlaid. Markedness is especially
relevant in the context of this work (i.e., visual quality of cues in VR games). The categories by
Dillman et al. [16] provide a design direction for our work. For instance, they mention subtle cues
that comprise contrast in lighting to guide players, emphasized cues that are visualized via outlined
objects, or integrated cues that manifest themselves as virtual arrows. However, it has to be noted
that we view these qualities as visual cue attributes and not as distinct categories that exclude each
other (for more information, see section 3.3).

2.2 Gaze in games
Gaze-based interactions have also found their way into the games domain and are integrated
into different application areas [31, 61, 83]. Besides, the increased affordability of consumer-grade
eye-trackers has put gaze interaction in the focus of the game’s industry. Gaze was introduced as a
control modality in games to support or in combination with other inputs (e.g., the gamepad [11],
mouse [86], voice [56, 91], hand gestures [10] or touch [58]) or replacing them for hands-free and
eyes-only interaction [31] to foster accessibility [5]. Accordingly, the games industry has set their
interest in eye-based interaction for game control. For instance, Tobii - one of the main eye-tracker
consumer devices manufacturers - has partnered with game developers and lists on their website
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more than 160 games compatible with eye-based control, including popular franchises, AAA, and
independent games.
The increase of game applications that take input from the eyes in their gameplay led to the

creation of the EyePlay framework [84]. In their work, Velloso and Carter [84] provide a compre-
hensive list of gaze-enabled games that allow interaction, for instance, to select the objects you
look at [11]; trigger actions with the eyes [18, 32]; move the game character automatically to the
gaze point [50], or control the aiming of weapons [3, 58]. Other games leverage the eyes as implicit
and natural pointers to translate the behavior of the eyes into the digital world (e.g., rolling of
eyeballs in 3D worlds [67] and VR spaces [42]), and use the visualization of gaze point to elicit
intention to communicate with other players [47], or deceive them [54].

Another body of work has focused on designing gaze interactions in games that are inherently
more challenging. These are grounded on mapping the behaviour of the eyes in the real world
into the game scene, namely challenging our visual capabilities with attention dilemmas [26, 87],
utilising gaze aversion to move the interaction to the peripheral visual field [27], or using our social
gaze capabilities [39, 41]. In The Royal Corgi [88], players need to be careful where they look at,
as their gaze point carries social information. For example, looking at the wall whilst talking to a
character will upset them as you are the player shows a lack of attention (and eye contact).
Moreover, other game applications have explored the design of gaze interactions grounded on

the concept of “not looking” [25] for gameplay, such as closing the eyes to make the character
disappear [18] or teleport [60] and avoiding looking at game elements to solve the game task [26, 27].
These game applications focus on highlighting the potential of gaze for game control and interaction
- for instance, how gaze interaction is integrated into the game narrative (e.g. its diegesis [61])
and the perceived value for the player experience [62], e.g. interaction efficacy, immersion and
performance.
Accordingly, previous research has predominantly focused on the use of gaze input in screen-

based games to trigger game actions either explicitly with gaze interaction control mechanics,
or implicitly when game events are activated upon the player’s visual attention to the scene. In
contrast, we extend on the utility of implicit gaze input and propose to leverage the attention
capabilities of the eyes in a VR game feature to visually guide players during the game task. We
investigate the integration and visualisation of the player’s gaze input within the game as a method
to facilitate exploration whilst fostering immersion and maintaining the game challenge.

2.3 Gaze-based visual interaction cues in games
The concept of gaze-based visual cues is closely related to the use of gaze representations and
visual feedback. Gaze interaction is limited by introducing a dual function of the eyes as both the
sensor (to scan/look at the scene) and the actuator (to interact with the interface). This requires
careful consideration of input and feedback [33, 93], for instance, to avoid the unwanted selection
of objects the user spontaneously looks at (known as the Midas Touch [82]). Accordingly, the
representation of gaze information can strongly influence interaction [55]. Previous research has
been focused on investigating how to visualize the gaze point, for instance, to support users
in co-located collaborative tasks [34, 94], to influence players’ behavior in cooperative [47] and
competitive games [48, 54], or to study the effect of gaze representation on the player presence [43].

Besides scientific endeavors, gaze input has been widely used in commercial games to highlight
objects the player can interact with. For instance, players can get gaze-based visual cues to high-
light traps (‘Survival Instinct Awareness’ in Shadow of the Tomb Raider [51]), objects they can
select(‘Interaction at gaze’ in Assassin’s Creed Odyssey [79]), and enemies to efficiently tag them
(Tom Clancy’s The Division 2) [19].
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Here, we follow previous work on investigating the effects of different gaze visualizations on
the player experience. However, we are very much in contrast by proposing gaze visual cues with
varying levels of integration in the game context (world and narrative) beyond the overlaying of a
gaze cursor. Furthermore, we aim at investigating the characteristics of cues that most effectively
draw players’ attention while not disturbing their task and increasing players’ curiosity and
motivation to explore the game scene.

3 TOWARDS GAZE-BASED VISUAL CUES FOR EXPLORATION GAMES
In our approach, we address the visualization strategies of gaze-based cues to guide players in VR
Games. Although gaze has been employed to direct attention via visual cues in desktop settings
outside of the games domain [2, 4, 68], few studies in VR Games are available [6]. In detail, there
is no in-depth investigation of visual gaze-based cues in VR games. However, the representation
and integration of visual elements are particularly relevant in VR Games, as they significantly
influence the perceived immersion [1]. In contrast to other fields of application, games are designed
to provide some form of challenge that the players need to overcome. This aspect is also reflected
in the cue design: on the one hand, they should support the players to find a solution to a given
problem, while, on the other hand, only indicate how an obstacle might be overcome.

In the context of visual cues, this design consideration is especially relevant in exploration games,
where players traverse the game environment to discover unknown locations, new items, narrative
bits, or meet other players. Here, the challenge for designers is to establish an equilibrium between
feedback clarity and subtleness. If a cue is too subtle, players might not register the provided hint.
If a cue is too overt, no challenge is posed, leading to a dull game experience.

Following this notion, we raise the question: How can gaze-based cues be visualized in VR games
that, on the one hand, help players to achieve their goals and, on the other hand, provide some form of
challenge?
We have put together an exploratory experimental setup that will be explained in more detail

within the following sections. First, we describe the VR game prototype that was created to answer
the research questions. This is followed by descriptions of the gaze-based cue mechanism and four
cue visualization approaches (i.e., conditions the test subjects were confronted with). Besides, the
following sections provide an overview of the technical setup, the participants, the experimental
procedure, and the measurement instruments.

3.1 Game Concept
The VR game prototype “Thief Simulator” takes place in a medieval fantasy game world. Players
take the role of a thief guild’s aspirant, who is to be introduced to thievery’s fine art. To complete
their training, players must pass thieving challenges to be accepted as a guild member. The house
of a powerful wizard serves as the proofing ground for the aspiring thief. The players’ goal is to
steal all eight hidden gold coins within a predefined time limit (3 minutes). Gold coins are collected
as soon as the player touches them with their virtual hands (see 2).
To steal all the gold coins, players need to search the scenery and interact with various objects

(i.e., pick up, drop, throw). This is also necessary since the gold coins are usually hidden behind
other items. Players can move through the house via walking and a teleport mechanic. An alarm
system secures the wizard’s home through moving laser beams to challenge the players. Every time
players touch one of the beams, they lose points (Thief Talent Score). Furthermore, they gain 100
points when the player collects a coin. Players need to adjust their body postures (e.g., crawling,
ducking) to avoid being detected and to obtain a high score.

During the game, players can also monitor their game score and the time left by looking at the
right and left hands (see figure 3). To not be completely helpless in the face of the challenge, the
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Fig. 2. Players have to closely investigate the game environment to find the hidden coins in the mansion.

aspirant has a gift that allows him/her to guess the location of the gold coins. As soon as players
look at a place where a gold coin might be hidden, they get a clue through one out of four visual
feedback types (see section 3.3). If the player averts his gaze from that area, the effect disappears.
Unfortunately, the player’s talent is not entirely reliable since the feedback only indicates a larger
area and not the object itself. In the following subsection, the gaze interaction will be described in
further detail.

Fig. 3. The game interface communicates the time remaining for completing the level (right hand) and
number of coins that have already been collected (left hand).

3.2 Gaze interaction
We designed a set of three prerequisites to trigger a gaze-based cue (see figure 4). First, players
need to enter an interaction area, where one of the coins is hidden (i.e., area 1 in figure 4). The
purpose of this first step is to avoid feedback from large distances (i.e., players should not get any
cues when looking from another room on one of the areas where a coin is hidden). The following
requirement is that players need to look at a gaze-sensitive area (i.e., area 2 in figure 4). This area is
bigger than the gold coins geometry (collision box 1.5x1.5x1.5 meters in Unity) to provide some
challenge (i.e., cue indicates the area where the coin is hidden). Third, players need to look at area
2 for a predefined time to increase the opacity of the visual cue (dwell time to increase the cue’s
opacity value to 100 percent: 2 seconds; linear animation). This design intervention is that players
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Fig. 4. Gaze interaction prerequisites to trigger gaze-based cues: (1) the player explores the area; (2) the player
enters a predefined interaction area where one of the coins is located; (3) the player looks at the gaze-sensitive
area for a pre-determined time.

do not accidentally trigger a cue but look carefully at an area. When players avert their view, the
cue’s opacity reverts to its initial value (0 percent opacity, duration: 1 second, linear animation).

3.3 Conditions: cue visualizations
The experimental setup consists of four conditions that differentiate in the way how the gaze-based
cues are visualized (see figure 5). We created four different types of gaze-based cues (particles,
lights, spheres, and vignette) based on the cue taxonomy introduced by Dillman et al. [16] (subtle,
emphasized, integrated, and overlaid virtual cues - see section 2).
Readers must note that the attributes (e.g., animation speed, size) used to design the following

described cues were determined based on preliminary testing and piloting of the game. Moreover,
we see the qualities introduced in Dillman et al. [16] taxonomy as a visual cue’s attributes and not
as distinct categories that exclude each other.

For example, a light source in a level might be both subtle and emphasized as it could be a part
of the game environment and highlight a certain level area through a glow effect. Following this
notion, we speak of subtle cues, for example, when the subtle quality is more present than the other
qualities.

• Particles: This approach is aimed at blending into the environment seamlessly (subtle cue).
The approach can be found in the work of Lange et al. [38] who used particles to make users
aware of relevant situations. Their work, however, does not consider the players’ current
gaze position. Our approach uses a particle system that starts emitting particles when players
look at the gaze-sensitive area. From a game world-building point of view, the particles are a
plausible visualization form since the game setting indicates typical tropes of fantasy games
(e.g., whisps that guide the player, magical areas, or player skills). Furthermore, similar visual
elements (e.g., dust particles) could be found at the game level. A unique particle color was
chosen to ensure that the particle effect is not too subtle (the color was selected and used in
all conditions).

• Lights: According to Dillman et al. [16], emphasized cues visually highlight objects through
light or glow effects. Our game used purple-colored point lights that became visible when
players looked at a gaze-sensitive area. We chose lights in favor of glow outlines. In contrast
to glowing outlines, lights have the benefit of being more ambiguous when it comes to spatial
referencing (i.e., the employed spotlights had a fall-off effect and did not directly reveal the
coins’ locations). To reflect this, we coined this condition Lights.
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• Spheres: In an integrated solution, virtual objects are added into the environment to point
towards a particular area [16]. It is important to note these cues only exist on a spatial but
not on a narrative layer (i.e., they can only be seen by the player and not by the game’s
entities). In this context, Fagerholt and Lorentzon [20] characterize them as spatial interface
elements that are not part of its diegesis. In our game, we used semi-transparent spheres
with a rim-shader. This affected the material’s transparency in the spheres’ center, while the
spheres became more opaque towards their boundaries (solid color: purple).

• Vignette: In this variant, objects are added atop the viewport. Following this notion, overlaid
virtual cues are not part of the game world, neither on a spatial nor a narrative layer. They
exist to mediate and moderate the player’s view of the game world. Fagerholt and Lorentzon
[20] use the term “meta”-interfaces that manifest as camera special effects (e.g., blood splatters,
view blurring). Our approach is based on the work by Lankes et al. [40] that used a vignette
effect to guide players in a desktop exploration game. When players look at a gaze-sensitive
area, the players’ view is diminished by adding a solid color in the corners of the rendered
image. The effect is intended to resemble the players’ squinting when an object of interest is
being focused. Thus, this condition is called Vignette.

Fig. 5. Screenshots that show the cue visualizations: Lights (cue with in-game light source), Spheres (cue with
spatial reference), Particles (particle system), Vignette (screen-based vignetting effect).
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3.4 Technical setup
The game prototype was built in the game engine Unity3D 1, using the asset packages: SteamVR
Plugin 2, the Tobii XR SDK 3, and the Medieval Cartoon Furniture Pack 4. Players used the HTC Vive
Pro Eye 5 to interact with game. It features a built-in eye tracking solution by Tobii 6, grants the
manipulation of game objects via two Vive controllers, and allows subjects to walk through a game
scenery supported by the Lighthouse system (interaction space: 3 meters x 5 meters). Besides, the
technical setup consisted of a desktop PC (graphics card: Nvidia 2080 Super) and a large projection
screen to monitor the players’ activities during play.

3.5 Participants and procedure
This subsequent section holds information concerning the procedure of the exploratory study that
was conducted at the University of Applied Sciences Upper Austria. We recruited 20 participants
(11m, 9f) via a mailing list of our institution. Their age ranged from 21 to 31 years (M = 24.56, SD
= 2.24). All subjects had some experience with playing VR games. However, none of the subjects
had any previous experience with eye-tracking devices and gaze interaction in VR. During the
experiment, one member of the research staff was present who was responsible for guiding the
participants through the experimental procedure, offering support when necessary, and carrying
out interviews (i.e., responsibilities: introduction, interview).
The exploratory study was made up of the following procedure: the experimenter greeted the

participants and presented the study’s scope and structure. After this, the VR HMD eye tracking
device was calibrated (i.e., HTC Vive Pro Eye). As a start, the players signed a consent form.
Following, subjects filled in a questionnaire that held demographic information (i.e., age, gender,
education, and experience with VR games). When the players were finished with filling in the
questionnaire, the experimenter started the game (see figure 6). Subjects played a short tutorial
to get accustomed to the game goals, the mechanics, and the means of interaction. After that,
they played the first out of the four conditions (i.e., within-subject design), resulting in four play
sessions per participant (excluding the tutorial level). It is important to note that the conditions
were presented in a randomized order in each playtest (e.g., subject 1 played: Spheres, Particles,
Vignette, Lights). Besides, the coins’ locations were randomized.
In all conditions, the level was completed when the players found all the hidden eight coins

or when the time limit was exceeded (i.e., 300 seconds). When the goal of the condition was
reached, players put down the HMD and were instructed to fill in a questionnaire in Google Forms 7

that inquired them about their impression of the game prototype. Additionally, participants were
interviewed (for more information on the employed measures, see section 3.6) using the initial
set of questions and allowing for additional comments to emerge that were follow-up to gather
further information. When the players were finished giving answers, the experimenter presented
the second out of the four conditions. As in the first part, players were asked to fill in the same
questionnaire after completing each condition. The procedure took about 60 minutes per player.

1https://www.unity.com
2https://assetstore.unity.com/packages/tools/integration/steamvr-plugin-32647
3https://vr.tobii.com/sdk/
4https://assetstore.unity.com/packages/3d/environments/fantasy/medieval-cartoon-furniture-pack-15094
5https://www.vive.com/eu/product/vive-pro-eye/overview/
6https://tobii.com
7https://www.google.com/forms/about/
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Fig. 6. Technical setup: players used the HTC Vive Pro Eye to play the game “Thief Simulator”. Players could
move freely in a predefined interaction space (3 meters x 5 meters).

3.6 Measures
We adopted the questionnaire introduced by Wallner and Kriglstein [89] used to evaluate the
perceptual quality of cues, to measure the perceived quality of the different gaze-based feedback
variants. It consists of ten items rated on a 7-point Likert scale ranging from 1 (“poor”) to 7
(“excellent”). It comprises the aspects of clarity (“Clarity: Is the gaze cue information displayed
easily interpretable”), readability (“Readability: is the gaze cue visualization easily discernible
from other visual elements), informativeness (i.e., how much cue information were you able to
gather), aesthetic appeal (i. e., how visually appealing is the gaze cue visualization”), accurateness
(“Accurateness: how accurate is the gaze cue visualization”), usefulness (“Usefulness: how useful
was the gaze cue visualization for the game”), and ease of extraction (“Ease of extraction: how easily
can information be extracted from the gaze cue visualization”). To gather detailed information on
the exploration game, we added the aspects exploration (“Exploration: how well did the gaze cue
visualization help you exploring the game”) and curiosity (“Curiosity: did the gaze cue visualization
motivate you to explore the environment”). The item exploration aims at finding out how the
employed methods support players in exploring the level. In this regard, fostering exploration
does not simply imply helping players reach the game goals (i.e., find all coins). It focuses on the
interaction and reflection with the game environment in general (i.e., get in contact with the details
and elements of the game world, make unexpected discoveries). Curiosity, on the other hand, deals
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with the question of how the used approach motivated the players to get in contact with the game
level. This notion implies that players are more motivated to explore the level by suppressing crucial
information at the beginning of a situation (e.g., players enter a room and do not immediately get
feedback where one of the coins is hidden). Apart from the questionnaire, players were questioned
via a semi-structured interview dealing with the topics perceived quality of gaze-based interaction
(i.e., how did you perceive the gaze cue visualization?, what did you like/dislike about the gaze cue
visualization?, and how could the gaze cue visualization be improved?). Participant answers were
recorded via note-taking for later analysis. Besides, we also tracked the number of coins collected
to measure the effectiveness of the gaze-based feedback.

3.7 Data analysis
Concerning the quantitative part, all analyses were conducted using repeated-measures ANOVA.
All parametric tests were performed after validating the data for assumptions of ANOVA use.
Degrees of freedom were corrected using the Greenhouse-Geisser method, if the condition of
sphericity was not satisfied. Pairwise comparisons used the Bonferroni method of adjusting the
degrees of freedom for multiple comparisons (post-hoc-tests). All analyses were performed with
Jamovi 8 based on R 9. Significance was set at 𝛼 = 0.05.

4 RESULTS
In the following section, results of the study are presented. Insights are provided if the four
conditions (gaze-based feedback variants) have an influence on the dependent variables clarity,
readability, informativeness, accurateness, usefulness, ease of extraction, curiosity, exploration, and
the number of collected coins. Furthermore, an analysis of the statements given in the open-ended
questionnaires will be provided. Thus, the section 4 is subdivided into the sections 4.1 and 4.2.

4.1 Quantitative findings
The subsequent sections shall illustrate the quantitative results in detail by presenting the gathered
data of each dimension (see figure 7). It has to be noted that neither the the aspect of gender nor the
subjects’ age did not have any significant differences concerning the mean values of the measured
aspects.

4.1.1 Clarity. Results indicate a significant effect of the visualizations on the clarity dimension
(𝐹3 = 7.36, 𝑝 < 0.001, [2 = 0.22). Pair-wise comparisons show that the Lights received significantly
higher clarity ratings (M:6.45, SD:0.83, 𝑝 < .001) than Particles (M:5.45, SD:1.10). However, it
has to be noted that no significant difference was found when comparing Lights with Spheres
(M:6.55, SD:1.10 ,𝑝 = .078) and Vignette (M:6.7, SD:0.73, 𝑝 = .0.38). Furthermore, Spheres differed
significantly (𝑝 < .001) from Particles but did not show any significant results in comparison to
Vignette (𝑝 = 0.64). Last but not least, Vignette was rated significantly higher (𝑝 < .001) in relation
to Particles.

4.1.2 Readability. Results of the ANOVA indicate a significant effect of the visualizations on
the readability dimension (𝐹1.59 = 8.48, 𝑝 < 0.001, [2 = 0.25). Pairwise comparisons revealed that
Lights received significantly lower clarity ratings (M:5.9, SD:1.55, 𝑝 = 0.005) than Spheres (M:6.82,
SD:0.25). However, no significant difference was found when comparing Lights with Vignette
(M:6.70, SD:0.73 ,𝑝 = 0.076) and Particles (M:5.75, SD:0.72, 𝑝 = .0.65). Furthermore, Spheres differed
significantly (𝑝 < .001) from Particles but did not show any significant results in comparison to

8https://www.jamovi.org.
9https://cran.r-project.org.
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Fig. 7. Top row: Means for dependent variables (questionnaire by [89] of all conditions on a scale from 1 (“very
poor”) to 7 (“excellent”). The error bars show the 95% confidence interval. Bottom row: signficant differences
between all conditions per sub-scale ( Significance was set at 𝛼 = 0.05)

Vignette (𝑝 = 0.083). Additionally, Vignette was rated significantly higher (𝑝 < .001) in relation to
Particles.

4.1.3 Informativeness. The ANOVA results show a significant effect of the visualizations on the
informativeness dimension (𝐹2.04 = 5.92, 𝑝 = 0.005, [2 = 0.19). No significant effects could be found
when comparing Lights (M:5.75, SD:0.72) with Spheres (M:6.40, SD:1.10, 𝑝 = 0.055), Vignette (M:6.05,
SD:0.87, 𝑝 = 0.249), and Particles (M:5.35, SD:0.49, 𝑝 = 0.088). Significant effects could be revealed
when comparing Spheres with Vignette (𝑝 = 0.049) and Particles (𝑝 = 0.003). Furthermore, Vignette
showed significantly higher ratings than Particles (𝑝 = 0.012).

4.1.4 Accurateness. Results show a significant effect of the visualizations on the acurateness
dimension (𝐹2.17 = 6.56, 𝑝 < 0.001,[2 = 0.19). Post-hoc test showed that Lights received significantly
lower clarity ratings (M:5.8, SD:1.06, 𝑝 = 0.002) than Spheres (M:6.85, SD:0.36). No significant
difference was found when comparing Lights with Vignette (M:6.35, SD:1.09 ,𝑝 = 0.11) and Particles
(M:6.00, SD:0.56, 𝑝 = .0.41). Spheres differed significantly (𝑝 < .001) from Particles but did not
show any significant results in comparison to Vignette (𝑝 = 0.086). Besides, Vignette was rated
significantly higher (𝑝 = .049) in relation to Particles.

4.1.5 Usefulness. Results of the ANOVA indicate a significant effect of the visualizations on the
usefulness dimension (𝐹1.34 = 3.99, 𝑝 < 0.046, [2 = 0.14). Pairwise comparisons reveal that Lights
received significantly higher ratings (M:6.65, SD:0.19, 𝑝 = 0.032) than Particles (M:5.90, SD:1.65). No
significant difference was found when comparing Lights with Spheres (M:6.85, SD:0.37 ,𝑝 = 0.21)
and Vignette (M:6.20, SD:0.70, 𝑝 = .0.06). Furthermore, Spheres differed significantly from Vignette
(𝑝 < .001) and Particles (𝑝 = 0.016). Vignette did not differ significantly (𝑝 = .0532) in relation to
Particles.

4.1.6 Ease of extraction. Results reveal a significant effect of the visualizations on the ease of
extraction dimension (𝐹3 = 3.17, 𝑝 = 0.031, [2 = 0.12). Lights received significantly lower clarity
ratings (M:6.65, SD:0.19, 𝑝 = 0.032) than Particles (M:5.90, SD:1.65). No significant difference was
found when comparing Lights with Spheres (M:6.85, SD:0.37 ,𝑝 = 0.58), Vignette (M:6.20, SD:0.70,
𝑝 = .0.69), and Particles (M:6.85, SD:0.37 ,𝑝 = 0.13). Spheres differed significantly from Particles
(𝑝 = .002), but showed no differences in relation to the Vignette (𝑝 = 0.368). Vignette differed
significantly (𝑝 = 0.037) in comparison to Particles.
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4.1.7 Curiosity. A significant effect of the visualizations on the curiosity dimension (𝐹3 = 4.64,
𝑝 = 0.006, [2 = 0.14) was shown. Post-hoc tests showed that Lights received significantly higher
clarity ratings (M:6.35, SD:0.74, 𝑝 = .012) than Spheres (M:4.70, SD:0.92). No significant difference
was found when comparing Lights with Vignette (M:6.20, SD:0.69 ,𝑝 = .038) and Particles (M:6.60,
SD:0.82, 𝑝 = .0.26). Besides, Spheres differed significantly (𝑝 = .017) from Particles and Vignette
(𝑝 = 0.49). Vignette did not show any significant differences (𝑝 = .202) in comparison to Particles.

4.1.8 Exploration. Results of the ANOVA revealed a significant effect of the visualizations on the
exploration dimension (𝐹3 = 23.70, 𝑝 < 0.001, [2 = 0.50). Lights received significantly higher clarity
ratings (M:6.15, SD:0.37, 𝑝 < .001) than Spheres (M:4.60, SD:0.68). No significant difference was
found when comparing Lights with Particles (M:6.10, SD:0.72 ,𝑝 = .71). However, Vignette (M:5.55,
SD:0.69, 𝑝 = .0.07) was rated significantly different in comparison to Lights. Furthermore, Spheres
differed significantly (𝑝 < .001) from Particles and Vignette (𝑝 < 0.001). Additionally, Vignette did
not show any significant differences (𝑝 = .270) in relation to Particles.

4.1.9 Aesthetical appeal. Findings show a significant effect of the visualizations on the aesthetical
appeal dimension (𝐹3 = 9.31, 𝑝 < 0.001, [2 = 0.31). Lights received significantly higher clarity
ratings (M:6.55, SD:0.51, 𝑝 < .001) than Spheres (M:4.85, SD:2.01). No significant difference was
found when comparing Lights with Particles (M:6.65, SD:0.49 ,𝑝 = .54). However, Vignette (M:5.10,
SD:1.29, 𝑝 < .001) was rated significantly different in comparison to Lights. Furthermore, Spheres
differed significantly (𝑝 < .002) from Particles but not in comparison to Vignette (𝑝 < 0.71). Besides,
Vignette showed significant differences (𝑝 < .001) in relation to Particles.
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Fig. 8. Means for all dependent variables of all conditions concerning the number of coins collected. The error
bars show the 95% confidence interval.

4.1.10 Coins gathered. Results of the ANOVA indicate a significant effect of the visualizations
concerning the number of coins collected (𝐹3 = 6.39, 𝑝 < 0.001, [2 = 0.23). In Lights player gathered
significantly lower number of coins (M:5.70, SD:1.13, 𝑝 < .001) than Vignette (M:6.50, SD:0.32). No
significant difference was found when comparing Lights with Spheres (M:6.55, SD:0.42 ,𝑝 = .084).
Besides, Particles (M:4.85, SD:1.57, 𝑝 = .081) was rated significantly different in comparison to
Lights. Furthermore, Spheres differed significantly (𝑝 = .003) from Particles but not in comparison
to Vignette (𝑝 < 0.89). Besides, Vignette showed significant differences (𝑝 = .005) in relation to
Particles.

4.1.11 Summary. In general, the gaze-based cue visualizations to led different player impressions
on all scales. The difference is particularly evident when comparing Spheres and Particles. While
Spheres received the highest scores for the scales readability, informativeness, accurateness, usefulness,
and ease of extraction, it performed worst for the scales curiosity, exploration, and aesthetical appeal.
A reversed picture can be seen for Particles: Here, curiosity, aesthetical appeal, and exploration, in
particular, were rated positively, whereas the other aspects did not receive good ratings. The ratings
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of Lights are similar to those of Particles: here, too, the elements listed above were considered good.
For scales, such as clarity, it performed slightly better compared to Particles. The ratings of Vignette
provide a similar picture to those of Spheres.

4.2 Qualitative findings
The qualitative content analysis from Mayring [49] was utilized to evaluate the survey’s open
questions and semi-structure interview notes. For this purpose, the choice fell on the inductive
category formation approach to obtain the categories for this evaluation method. Coding units,
selection criteria, and the level of abstraction were defined. The format of the data units was
of varying lengths (words, short sentences, and long paragraphs). They ranged from the their
impressions regarding the quality of the gaze-based cues, their usefulness in regard to the game
goals, comparisons between subtle and overt visual design strategies, and opinion extracts. There
were a total of 203 units. After coding by one of the experimenters for about a third to a half of
the entire data (15 initial codes), the created categories were reevaluated and discussed within the
research team. In this step, categories and codings were merged, covering a similar topic (result ten
codes) via an affinity mapping strategy. After finishing the reevaluation, the rest of the data was
coded (see table 1).

Table 1. Final codes’ set for the thematic analysis.

Theme Code Set Name Data Units

1. Visualizing Cues About visual clarity of cues 23
Reflecting on consistencies between cues and game world 15

2. Providing Cues Putting cues in relation to game goals 28
Animation and immediacy of cue feedback 14

3. Finding an equilibrium between overt and subtle Comparing subtle and overt visualization strategies 21
Adapting cues to the game situation 19

4. Plausibility of Gaze-based input in VR exploration games Making sense of gaze-based cues 22
Usefulness of gaze-based cues in the exploration games 15

All The game experience 22
None Gameplay description 24

4.2.1 Theme 1: Visualizing Cues. Players took notice of the gaze-based cues’ visual qualities.
In detail, they were positive about the subtle and emphasized gaze-based feedback variants. The
subtle version (particles) was often positively mentioned as subjects had the impression the the
visualization fitted well into the fantasy game setting. This observation can be seen in statements,
such as “I now tried to focus on the particles when looking for coins and not randomly searching
around: I think this system fits well into the overall scene and does not distract from the main goal.”-P03
or “I did not dislike anything about it. It fits the magic-looking world well and doesn’t give away too
much, since it breaks open the space within which items are hinted at”-P11. Subjects also reported
visual commonalities between the visual cues and other game environment entities. Similarly,
participants provided feedback regarding the light’s condition visual quality: “It fits into the world
almost as nicely as the particles but pops up more "aggressively". This and a very planar projection into
the game space make it easier to find needed items.”-P18. Based on the player statements, it seems
that overt gaze-based cues are described as being prominent that raise awareness. As indicated
by the quantitative data, only minor differences between the subtle and the emphasized condition
were mentioned: “I disliked only a little, that in comparison to the particles the lights version is a
bit easier to find what you need because it narrows down space a bit more. On the other hand, I like
that it is only a light and therefore being broken up into the world it is projected into, making it a
lot more diegetic than the sphere.”-P07. However, the vignette (overlaid version) received different
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associations compared to lights and particles feedback. One aspect that was stated several times
was the view limitation “I disliked the reduction of the view”-P01. Other players remarked that the
cue was too obvious (“Make the visualization more subtle.”-P13). Players suggested using other
colors (P04), reduce the effect’s intensity (P14 and P18) and the animation speed (P18). Besides, the
spheres variant also got less favorable comments, such as "It looks a little dull and unimaginative -
it is clearly not part of the world."-P17 or “I disliked the design because it was so different to the theme
and a bit extreme.”-P09. P04 stated: “The gaze visualization shows obviously where to go next, and it
is maybe good for beginners since you find the coins very quickly. Personally, I like the other one with
the particles more since it is more integrated.”.

4.2.2 Theme 2: Providing Cues. Subjects immediately noticed the cues’ presence and their
function. For instance, participants reported that the overlaid and the integrated feedback version
helped them to reach the game goals (i.e., finding and picking up the coins). Significantly, the
overlaid version (vignette) was reported to be helpful: “It was easy to recognize the cue and (I found
the the items) through “triangulating”. However, it did not feel any magical.”-P15, or “it very clear
when you look in the direction of the coin and no object in the game world affects this visualization”.
P09 noted, “It was a bit irritating at first, but once you understand it, you can use it for your advantage
when collecting coins.”. Furthermore, the integrated approach (i.e., spheres) was mentioned several
times in the context of helpfulness: “It was clear and prominently featured in the picture."-P01,
"The purple sphere was much easier to recognize than the simple light source.”–P20, or “I liked the
accurateness and the usefulness to find hidden objects”-P02. Additionally, the animation quality had
an impact on the cues’ perceived presence: P06 remarked that “The particles spawned a little bit too
slow.”. Furthermore, P15 said, "The particles are quick and easy to see and help a lot when playing.
Maybe you could make the particles appear a bit earlier and not only when the player looks directly
towards the coin”. The vignette effect appeared to be relatively straightforward for the players,
which is also supported by the qualitative findings: “As soon as you look in the direction of a coin,
tunnel vision comes, and you know the direction the coin is in. Very easily perceptible.”-P12. However,
according to P11, it needs some fine-tuning: “the time to focus on the point of interest could be
increased to make it less “jumpy” and apparent but also better integrated into exploring the world.”-P17.
In this regard, P06 remarks: "Tunnel vision comes and goes very quickly. As I roam around the room
with my gaze, I usually only look briefly at a coin, whereby the tunnel vision activates every now
and then and disappears again immediately.” and P11: “Fast feedback is always welcome. I think fast
feedback is always pretty good, but I would combine the gaze feedback with other navigation feedback
to make sure that the user does not get lost.”.

4.2.3 Theme 3: Finding an equilibrium between overt and subtle. Players made several com-
ments concerning the balance between subtle and overt gaze-based cues. By increasing/decreasing
certain visual elements, the feedback could be more easily detected and more visually appealing.
P10 noted, “Make the environment light less purple to avoid overlappings.”. Regarding the sphere
feedback variant, P16 mentioned, “If the ball were larger, the player would not immediately know
where the coin is and would have to look a little harder in a smaller area.”. P12 added, “Maybe you
could try to make the sphere more transparent and smaller, so it better fits into the style, but this would
also make the difficulty harder.”. After playing the subtle condition (particles), P02 remarked, “It
helps navigate to the scene, but you can never be sure as the audience if the particles are the only
indicator. It was a bit distracting that the same particle size was also used for the window for lighting
effects.”. Additionally, P19 noted, “More particles. The cue helps to point to the location; considering
the style of the scenario, I would suggest bigger cues.”.

Proc. ACM Hum.-Comput. Interact., Vol. 6, No. CHI PLAY, Article 237. Publication date: October 2022.



237:16 Michael Lankes & Argenis Ramirez Gomez

4.2.4 Theme 4: Plausibility of Gaze-based input in VR exploration games. Players mention
the plausibility of using gaze in VR exploration games. For example, P08 “...found that gaze could be
used very usefully in such a game. And further, I have already gained some experience with VR games.
So far, I have no experience with gaze-based VR systems. Previous approaches use head position to
select things. Gaze seems much better to me and feels less tiring.”. Similarly, P17 argues that “...instead
of frantically turning my head to find out where a coin is hiding, I entered a scene and let my gaze
wander first. If something is engaging in a place, then I go to take a closer look. That’s what I would do
if I were looking for something in real life.”. Players also mentioned that they did not even notice
the conscious use of gaze in specific feedback variants. This is especially true of the integrated
and subtle feedback conditions. P13 said that “at first it was still a bit unfamiliar, and I struggled to
trigger something somewhere. After I found the first coins, I looked less tense and didn’t notice my
vision at all - especially with particles and light. I saw it even longer with the spheres and vignettes
because they were very much in the foreground.”. P06 has a similar opinion: “After the eye tracker was
set, I wasn’t sure what was coming - it felt a bit strange to use my gaze consciously. But after playing
for a few minutes, I quickly got used to it. I particularly liked the lights because the gaze feedback
blended well with the scene and wasn’t as abrupt as in the vignette.”.

5 DISCUSSION
In the following, three topics are discussed that are intended to present design implications. Wemust
acknowledge our results do not favor a specific cue design but different strategies could be adopted
for distinct purposes. First, we discuss design implications of cues depending whether designers
aim their utility to facilitate productivity or foster motivation, and how different design strategies
might generate different outcomes. Moreover, we put forward future design opportunities of cues
by leveraging spontaneous gaze attention to seamlessly guide player interaction. Furthermore, we
reflect on the value of different cue design strategies by taking into account their diegesis with the
game world, game narrative and game platform, or their role within the game challenge or as a
tool for engagement. Finally, this section addresses the limitations of the exploratory study.

5.1 Designing Cues: Efficiency and Motivation
Cues are designed to contain and represent complex information in a simple manner, either visually
and/or via other modalities such as sound or haptics. For instance, in games, players might hear a
ringing soundwhen an item is collected as a confirmation cue or feel a controller-based vibration cue
when the game character is hurt to communicate health damage. In the context of gaze interaction
applications, cues are often used as feedback cues to assist the user in disambiguating the dual
function of the eyes (looking versus actuating). For instance, Bala et al.’s Keyewai [3] relies on the
display of the gaze point’s position as a torch light projection cone to allow players understand
where their eyes are looking at and facilitate game interaction (explicit interaction). On the other
hand, Newn et al.’s Ticket to Ride [54] relies on the utility of showing where one player is looking
to create awareness of the gaze attention of the opponent (implicit interaction). Therefore, the
relevance of gaze-based cues is to facilitate information to improve interaction productivity and
efficiency while minimizing errors. For example, to guide the flow of interaction with visual cues
that are easy to interpret (e.g., equivalent to the mouse icon changes when clicking to grab and pan
a document [63]), or to communicate interactivity properties of digital objects the user looks at
(e.g., by highlighting their outlines [69]).

In Thief Simulator, gaze-based cues leverage the spontaneity of eye input to display visual
information that guides players through the game task by drawing their attention as they scan
the scene and motivate further exploration. Accordingly, cues must be easy to locate and interpret,
so players are more effective in finding hidden coins. However, the results from our user study
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show none of the different cues’ design strategies demonstrated any significant advantage over
the opposing solutions. This suggests a need to address cues’ unique attributes - for instance,
their visual salience - to determine their suitability for the specific application. Visual saliency
is a perceptual quality that makes objects immediately stand out from the scene and grab our
attention [81]. Visual attention is, therefore, key when designing effective gaze-based cues that are
discernible from other visual elements yet informative and easy to interpret, as we get naturally
attracted to visual stimuli that pop up [59].
We could dissect the concept of visual salience of cues with two properties: overtness and

disruption. For instance, cues can be overt and explicit as their contrast is evident in the scene
(Spheres, Lights); or hidden and implicit to avoid crowding the visual focus (Particles, Vignette).
Moreover, cues’ visual design can disrupt the visual field to the extent that areas of the scene
get - partially - occluded (Spheres, Vignette); or be displayed with a discreet animation (Lights,
Particles). As such, results from our user study provide insights on perceived lower readability and
informativeness of disruptive cues (Lights and Particles) than for cues integrated into the game
scene. Additionally, implicit cues (Particles) scored lower clarity and ease of extraction than explicit
ones, affecting their perceived utility (Particles and Vignette). These results support the design
of cues that are “eye-catching" rather than subtle to draw the player’s attention, of interest in
applications in which users’ input is urgently needed.
However, cues in exploration games face a utility duality in grabbing the players’ attention

whilst motivating the player to be curious and further explore the prompted area. Accordingly,
our results provide insights by suggesting disruptive and visually salient cues (Spheres) were not
perceived to invite curiosity or exploration. In contrast, cues that are less explicit yet disruptive
(Vignette) show potential to potentiate curiosity but remain neutral at motivating exploration.
Nevertheless, the utility of the distinct cues could be of relevance to different application domains.
For instance, cues used as notifications require users to catch the information displayed effectively
but might necessitate remaining undisruptive of the task at hand. Moreover, in the context of user
experience design in the digital economy, systems could prompt cues to users in processes such as
user onboarding experiences to guide users through a series of steps or commands they need to
attend to and interact with.

5.2 Natural Gaze Interaction
The use of gaze input in the virtual space allows for integrating the users’ spontaneous attention
behavior in the digital world as used in real life. As our senses are mapped into VR, eye input
offers information that other body cues cannot reveal, for instance, cognitive activities such as
scanning the scene or indicating interest [71]. This sets the opportunity to prompt cues in the
virtual world guided by the user’s natural attention. As such, cues can only appear when attention
is set in the appropriate location. Accordingly, gaze-based cues provide an advantage compared
to non-gaze-aware cues as they are displayed only when the user explicitly looks at the area of
interaction, thus facilitating extraction.

However, eye input is dependent on the accuracy and precision of eye trackers. Generally, state
of the art research on gaze interaction accuracy has primarily focused on the empirical assessment
of the input quality [24], with little attention to the users’ perceived accurateness or usefulness of
eye input. The user study results presented here suggest that gaze-aware cues are considered useful
and representative of where participants were looking. As such, results highlight the potential of
gaze input to introduce spontaneous attention in virtual environments.
Indeed, the eyes are considered a “natural” input modality as we look at the objects we are

interested in [93]. Therefore, the appeal of eye input for interaction has been grounded in the
adoption of gaze as a pointing device. Gaze is faster than other modalities, we move our eyes
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effortlessly in comparison to hand or head, and eye movements usually precede actions [46] (i.e., we
look at the object we need before we grab it). However, we could argue there is nothing “natural"
about selecting (thus highlighting as part of feedback) virtual objects with the eyes, even though it
might feel intuitive and effortless. Consequently, the explicitness of gaze-based interaction could
decrease the feeling of immersion and necessitate an integrative approach to designing eye-based
game interactions to avoid it. The qualitative results from the study presented here support this
claim as participants reported noticing where their eyes were looking at when they started playing
the game and gradually forgot about it, even turning into something “invisible".

Moreover, translating the spontaneous behavior of the eyes from the real world into the virtual
could lead to a greater feeling of immersion. This has been studied in Natural User Interfaces
(NUIs) research, for instance, in the context of voice interaction and player identity [9]. Carter
et al. emphasize the relevance of the relationship between the actions the player does in the real
and virtual world because when it is your voice coming out of the game character, you feel more
closely identified with them, thus increasing their immersion [9]. Accordingly, the mapping of
spontaneous gaze behavior in the digital space could facilitate the design of virtual experiences
that introduce seamless interaction and feel as natural as possible, of relevance - beyond games - to
future virtual simulations (e.g., surgical training).

5.3 Game Diegesis, Challenge and Engagement
In the context of an exploration game, such as Thief Simulator, cues are intended to draw the
players’ attention to increase their performance, minimizing disruption and maximizing curiosity
and motivation to explore the game world. Participants reported perceiving the relevance of the
visual integration of cues in the game scene. As such, the utility of gaze-based cues in the context
of exploration games is highly dependent on their aesthetic appeal, with less visually restrictive
cues (Lights, Particles) favored against those occluding the game view or the visual field.
Moreover, cues’ visual attributes have the potential to avoid disruption of the game task, as it

is closely aligned with the concept of diegesis - used to define game elements that are integrated
or belong to the game world or story against those that do not [37]. In the context of gaze in
games, we are interested in Ramirez Gomez and Lankes [61] integrative approach based on the
use of metaphorical narratives and “dramatic” roles that contextualize gaze within the game story.
Although we did not utilize any narrative or metaphorical context to inspire the design of cues,
there are some similarities between gaze diegesis and visual salience. Thus, to some extent, most
cues’ styles introduced here are diegetic to the game scene but might relate to different layers of
game design, e.g., game scene/world, story/narrative, or even the game platform (headset).

We could understand diegesis as the integration into the game scene. For instance, Lights-based
cues blend seamlessly in the environment to introduce implicit and non-disruptive information
that invites the player to explore the highlighted area. Moreover, cues could be seen as diegetic
with the game story/narrative. For example, in Thief Simulator, players become the thief and adopt
their gaze gift or superpower to locate coins just by looking at the game scene. Particles-based
cues introduce animation properties that could make the cue perceived as diegetic to the game
story, especially when granting special powers. This is not unique to animated cues, but designers
could also contextualise highlighting (Lights) or superposing (Spheres) -based cues in the game
narrative. Finally, cues such as Vignette could be seen as a “dramatic element" that is diegetic to the
game platform (VR, 1st person game) and the input modality (gaze) by simulating the natural gaze
focus. In the real world, when we focus our gaze on an object, the centre of our visual field gets
acute, whereas our peripheral vision blurs [66]. However, Vignette-based cues were reported to
have a neutral to low aesthetic appeal. This effect could be related to the limitations of VR headsets
as the available width of the visual field is constrained, thus utilising a cue that further occludes
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the player’s vision, therefore perceived as restrictive. Nevertheless, this highlights the opportunity
to create diegetic elements that go beyond the game world and the story and are inclusive to the
potential of the aesthetic player experiences introduced by emerging input modalities such as gaze
input.

On the other hand, although less visually explicit cues have shown a higher curiosity to explore
the highlighted areas, one could argue cues provide a game advantage. Gaze-aware cues facilitate
the player with information to boost their performance by showing where to go next. Accordingly,
cues that leverage players’ spontaneous attention might introduce the risk of removing the game
challenge, affecting fun and enjoyment. Although this might suggest that cues could affect the
perceived fun, we are interested in addressing this through the concept of anticipatory play. For
instance, when a gaze-based cue appears, the player might experience excitement as they anticipate
a hidden collectable in the highlighted game area. Indeed, Koster [36] relates anticipation with fun by
explaining that anticipating a task can be as exciting as performing it as dopamine (neurotransmitter
implicated in the feeling of “fun") is released in anticipation of a successful outcome.

In the context of games, Upton defines anticipation as a manifestation of play [80]. When playing
games, players create a mental model of how the system works, imagining future and potential
outcomes, such as their next move. When players use their imagination: they anticipate and adjust
their actions as they play, and therefore, anticipation is itself a way to play. As the game develops
and players become more proficient, game satisfaction comes from the confirmation that earlier
anticipation was successful [80]. Moreover, research on game rewards has found that players
feel pleasure when anticipating predictable rewards and often get reminded (e.g. by Non-Player
Characters) as a design strategy to maintain a fun level of anticipation [90]. Accordingly, designers
might wish to find a balance when designing objective-driven, diegetic and aesthetically appealing,
yet clear and easy to extract or interpret cues, e.g., Lights. Furthermore, we could consider the effect
of gaze-aware cues on the game experience as two-fold, as cues find a balance between challenge
and fun, utilising visual aesthetics to increase anticipation and fun.

In addition, gaze-aware cues are relevant beyond exploration contexts. For instance, the display
of cues when the player needs help to advance the game challenge. Game difficulty could negatively
affect the perceived game engagement, as players lose interest in solving the puzzle. Future games
including gaze input, could display cues only when player inactivity suggests they are lost or
need help. Then, gaze-based cues could facilitate instructions where the player’s attention is set.
This approach has the potential to introduce game systems that adapt their mechanics to players’
experience, and of relevance, for example, for re-engagement with the game experience.

5.4 Limitations
Although the exploratory study led to some promising findings, several limitations have to be
acknowledged. First, only one specific genre (i.e., exploration games) was investigated. Genres
entail certain design conventions on how the game world works and looks. As the name implies,
exploration games focus on exploring the environment through game mechanics and a visual style
that is intended to foster exploratory actions. Typically, players are confronted with obstacles
that can be overcome easily (in our game: laser traps). We also included a time limit in our game
to pressure the player and keep the various playthroughs comparable. It would be interesting to
examine what would happen if the players can decide how long they would like to explore the level
(i.e., the influence of time pressure on the players’ exploration behavior). Designing the gaze-based
cues as a limited resource could also significantly affect how players register and interpret the
provided cues. By making the cues scarce, players need to act more strategically and cautiously,
leading to a higher awareness of the cues’ usefulness. Furthermore, it would be interesting to
see if similar results can be obtained when comparing the four conditions in genres that require
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other player skills (e.g., twitch or strategic skills [8]). Would players still recognize the subtle
cues when they have to fight against hordes of enemies? Would it be necessary to change the
color of the vignette if the light setting changes drastically (e.g., from bright lights to pitch black)?
Would the spheres condition receive better aesthetic ratings when its visual style fits into the
game environment (e.g., Superhot Team [76])? Another aspect that is deemed to require further
investigation is the cues’ aesthetic complexity. In Thief Simulator, we created relatively simple
feedback forms using primitive shapes, such as spheres and circles. Apart from more complex cues,
other modalities could be integrated (as it could be found in Lankes et al. [40]) that provide visual,
auditive, and haptic cues. For example, future studies could examine cues embedded deeply into
a game’s narrative (e.g., similar to the narrator of the game Bastion Games [23] that comments
on the players’ action via voiceovers). Besides, the employed VR technology had a limited field of
view (HTC Vive Pro Eye 10 - FoV: 110 degrees) in comparison to the human visual system (FoV: 210
degrees). This limitation had the effect that cues designed to be located in the peripheral vision area
(in our case: the vignette effect) cannot be adequately implemented. We believe that more advanced
future technologies could be used to make peripheral cues more subtle. Last but not least, the cue
system that we investigated was constantly available to the player. The perceived usefulness and
aesthetic quality could change when the cue system is triggered in certain conditions. This could be
explicit (e.g., players press a button to activate the cue system) or implicit (a system automatically
detects if players need a cue).

6 CONCLUSIONS
This paper investigated different gaze-based cue visualization techniques in a VR exploration
game. An exploratory study was conducted to explore four different design approaches and their
effects on aspects such as clarity, usefulness, and curiosity. Quantitative findings revealed that the
gaze-based cue visualizations led to different player impressions on all scales. Players also addressed
the various qualities of the visualizations in the qualitative interviews. Future work is planned to
investigate the following aspects: we plan to compare refined gaze-based visualization strategies.
This could be done by creating, for instance, different kinds of emphasized gaze-based cues (glow
with various colors and intensities). Besides, other genres could be examined (e.g., First Person
Shooter games, Strategy games). Another research direction forms the investigation of multi-modal
feedback conditions (e.g., visual and auditory) to overcome the limitations of a visual-only approach,
gaze-based guidance in other genres, and the inclusion of player types [52] in the experimental
setting. In general, we see gaze-based cues in games as a promising field for future activities.
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