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ABSTRACT human cognitive processing tasks, the eye gaze is tightly linked

This work studies the use of a conventional eye tracking system
for analysis of an online game player’s thinking processes. For this
purpose, the eye gaze data of several users playing a simple online
turn-based checkers game were recorded and made available in
real-time to gaze-informed players. The motivation behind this
work is to determine if making the eye-gaze data available can
help these players to predict the gaze-tracked opponent player’s
further moves, and also how this can be most effectively done. We
also tested different orientations of the screen on which the gaze
data were displayed. By our visual and algorithmic analysis we
validated (1) that prediction is possible and (2) that accuracy highly
depends on the moves of players throughout the game as well as on
the screen orientation. We believe that our study has implications
on visual problem solving in general, especially in collaborative
scenarios.
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1 INTRODUCTION

Digital games have been around for more than half a century now,
but eye movement and visual attention studies have piqued the
interest of researchers much earlier than that and many techniques
have been devised for this purpose [2]. Studies have shown that
eye gaze is one of the most reliable indicators of what a person
is "thinking about" [7]. The direction of the gaze carries informa-
tion about the focus of the user’s attention [11]. Specifically in
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to brain processing [6]. Additionally, directly before speaking a
word or taking any action, the eyes move to the object about to be
addressed [6] and the same could be related with any task that is
to be performed. Not only is eye gaze highly reliable, it is also an
implicit, subconscious reflex of the thinking process [6].

Thus far, the application of eye tracking in gaming and non-
gaming environments have mostly been used as a means for input,
substituting or complementing traditional input methods such as a
mouse, a keyboard or a joystick [9, 14, 17]. The main focus of using
eye tracking as an alternative input method is to make games more
accessible to those with motor difficulties where eye movements
can become an aid for game control [16].

While eye tracking has been well proven and demonstrated as a
valuable analysis and evaluation instrument in areas such as the
web [1], metro maps [13, 15] and television [4], it has yet to con-
vince game researchers. Our work seeks to make advances in that
direction. As eye-trackers become more reliable and cheaper, there
is a great chance that within one decade, all personal computers
will be able to record and analyze user’s gaze. This gives software
interaction designers the opportunity to use gaze based information
to build more efficient and more intuitive user interfaces [3].

Motivated by these findings, we have been investigating the role
of eye gaze in human machine interaction. We selected a particular
application to gain insight on how this might be accomplished,
namely, the moves made by players while playing two-player or
multi-player games. To reach this goal, we designed a visual analy-
sis approach that is able to support the insight detection, i.e., we
become able to derive patterns and anomalies from the eye move-
ment visualization. We conducted our research with a controlled
system where users can look at a graphical interface while playing
the game, and at the same time are able to look into the gaze plots
of the opponent making it more or less a real-time visual analy-
sis application. It is different from systems in which users are not
proactively involved. In contrast, eye gaze in the proposed work is
a subconscious input which naturally occurs within the cognitive
process. Since eye movements are executed automatically and non-
voluntarily, this unique setting is fundamental for understanding
any human interaction with graphical interfaces.

This paper reports on our approach on this topic primarily ad-
dressing the object activation problem as well as first results we
have obtained. The second part of this paper addresses work re-
lated to game and gaming environments with eye tracking. Section
3 describes the complete experimental set-up as well as the way
in which the experiment has been conducted. The fourth section
summarizes the results and the conclusion along with future work
is discussed in the fifth section.
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Figure 1: (a) : Display (A) augmented with an eye tracker used by the first player - the gaze-tracked player (GTP). (b) : Auxiliary
Display (B) with eye gaze plots derived from the GTP’s eye gazes to help the second player - the gaze-informed player (GIP) -
in predicting GTP’s moves on Display (C) and making his own moves on (C). The two players sit in well separated locations.

2 RELATED WORK

Isokoski et al. [9] identified four different ways in which eye track-
ing could be implemented in games. The first does not require any
specific modification within the game and is known as the "dwell-
time based selection’ technique. The second solution requires the
use of additional software. The third solution implies modifications
in the game code which will allow eye control. The fourth solution
is the most labor intensive and implies the development of a game
from scratch.

More similar to our work, Patrick et al. [10] used eye gazes for
post-analysis to unveil the coordination and expertise of players in
collaborative Tetris. However, they did not use eye gazes for collab-
oration tasks in real time. They note that real-time feedback can be
quite disturbing because it interferes with the main task representa-
tion and because it is not always precise enough to support deictic
references. Various other systems, such as Clearboard [8] or GAZE
groupware [18] have also been designed to give collaborators access
to the gaze directions of others, similarly to a face-to-face situation.
Charness et al. [5] also used eye tracking to find the perceptual
aspect of skilled performance in chess and found the differences in
attention allocations between experts and novices. Kiichelmann et
al. [12] have introduced an efficient way for automatic analysis of
chess player’s visual behavior that can be used for setting up an
intuitive chess assistant system for training purposes.

To the best of our knowledge, to date no commercial games
have been developed to make full use of eye tracking. However,
many individual and academic projects have resulted in original
or adapted games that explore the potential of eye tracking as an
input method. We specifically address the genre of basic strategic
computer games where turn based moves make it easier to access
the data and make it less challenging as described in [10].

3 EYE TRACKING STUDIES

Our two-player experimental setup is heterogeneous in which only
one player has access to the eye-gazes of the other player. This al-
lows us to assess the advantages this first player has over the second,
if any. We call the first player the GIP - the gaze-informed player
while we call the second player the GTP - the gaze-tracked player.
Our study focuses on the eye-and-mind relation in the gaming en-
vironment, where the GIP might be able to predict the GTPs move

before he actually makes it. We hypothesize that this methodology
will yield insight in building a multi-player gaze-based gaming
platform where displaying a players eye gazes might lead to better
communication among several players in a team. To find insights
into the visual task solution strategies and design interface, of the
study participants we compare their eye movements as dependent
variables recorded during the eye tracking studies.

3.1 Hypothesis & Research Question

The main purpose of this work is to study eye behavior in a gaming
environment, namely a turn based multi-player game, specifically
on how players direct their gaze, what they fixate at, where they fix-
ate, and when they fixate certain things. We consider eye fixations
as measurements of the player’s ongoing state of mind and evolving
strategy in solving the problem at hand, i.e. winning the game by
making these gazes available to the opponent (the GIP) to predict
the player’s moves (the GTP). As stated in [10], real-time feedback
can be quite disturbing, and so a strategic game was chosen which
gives enough time to analyze the gazes gathered from one player
and provided as feedback for the other. This arrangement was ex-
pected to give positive results for the player who has access to eye
gazes in order to predict the opponent’s move.

Fig. 1 shows the physical setup. The GTP’s and GIP’s primary
displays are (A) and (C), respectively. Having read much of the
literature on the eye-mind relation [11], that a tight coupling exists
between eye and the mind, which lays the groundwork for our
hypothesis H1 : we expect that it would not be difficult for the GIP
to predict the next moves of the GTP, when GTP gaze data was
available on (B) as real-time feedback. We tested two orientations for
Auxiliary Display (B) on which the GIP has access to the GTP’s eye
gazes: (1) NORMAL (Figure 2(a)) where the display is aligned with
the GTP’s primary screen (A), and (2) with a 180° rotation, aligned
with the GIP’s primary screen (C) (Figure 2(b)). H2 : We expect that
the GIP will be able to do better predictions with orientation (2).
To prove this hypothesis, we aimed to find out how accurately GIP
can predict GTP fixation-based next moves and draw conclusions
on intent.
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3.2 Stimuli and Task

We used an online checkers game for this experiment. Our game
design offers four alternative moves, i.e. forward diagonal left &
right and backward diagonal left & right, unlike other checker
games with only two alternative moves i.e. diagonal left and right
only in the forward direction. The objective of the game is to get
as high a score as possible and predict all of the GTP’s moves
accurately. All pieces on the checkerboard are visible to both players
at all times. As the game proceeds, the GIP was tasked to predict the
moves of the GTP (based on the eye gazes available to him) before
the GTP makes the move (but is ready to move). The prediction
includes: (1) the piece the GTP will move and (2) the place where the
piece will be moved. In our experiment, GTP is asked to think aloud,
i.e. has to tell the GIP that he was ready for making a move. This
was done to let GIP know that GTP is decided with his move and
GIP can predict the same, which is validated by the experimenter.

3.3 Environment Condition and Technical
Setup

The study was conducted in a laboratory isolated from outside
distractions. Participants were instructed to switch off their mobile
phones to reduce possible distractions during the study. A Tobii
X2-60 eye tracker was associated with Display (A) for the GTP.
It was linked to the Auxiliary Display (B) for the GIP who used
Display (C) to view the actual moves of the GTP and make his own
(refer to Figure 1). During the experiments, the GTP was asked to
sit in front of (A) with the eye tracker fixed on him at a distance of
about 60-65 cm (Figure 1a). Conversely, the GIP could not see (A)
(and vice versa) but could view the GTP’s eye-trajectories on (B)
(Figure 1b). A standard 9 point calibration was done before each
study for calibrating eye tracker.

3.4 Participants

The study participants were students from our university. We chose
a between subject study design with 18 participants which resulted
into 9 study trials. All participants reported that they read text from
left to right and were right handed. We did not specifically test
for color blindness as it was deemed irrelevant since color plays a
minor role in our experiment. There were 8 females and 10 males.
Their average age was 23 years; the youngest participant was at the
age 19 and the oldest at 31. All participants had normal or corrected-
to-normal color vision and three of them wore glasses while two
of them wore contact lenses. However since it proved difficult for
the eye tracker to detect the eye gazes of participants with contact
lenses we did not take their plots into consideration. Only 2 out of
18 reported that they had played checkers before.

3.5 Study Procedure

This experiment was conducted in two set-ups, where a GTP was
asked to play the game and was asked to sit away from Display (B)
and (C) which were placed together so that the GIP could easily view
the gaze plots on (B) (Figure 1). The set-up for the first experiment
was done with similar orientations of the screens of (A) and (B) as
shown in Figure 2(a) while the second set-up includes a rotation of
(B) by 180° to make it similar with the screen of (C) as shown in
Figure 2(b).
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Figure 2: (left to right) Display A augmented with an eye
tracker (control PC) used by the GTP, (center) Auxiliary Dis-
play B with eye gaze plots from GTP (similar to Display A)
to help GIP moving the game pieces on Display C (shown on
the right), with (a) being the NORMAL orientation of Dis-
play B, as of Display A, while (b) being rotated by 180° to
have orientation similar with the screen Display C.

The objective of the game for the GTP was to get as high a score
as possible. A similar goal applies to the GIP with the additional
task to predict the moves of the GTP. Each game was assumed to
last five to seven minutes, with a brief period for synchronization at
the start and end of the game from which 8 predicted moves were
recorded by the experimenter for analysis of predicting accuracy
at the end.

All participants played the game after a training phase for 2-3
minutes. The experiment involved two players where the GTP was
playing the game normally against the GIP, whereas the GIP also
had to track the gaze plot of the GTP through the Auxiliary Display
PC (B). This was done by a special feature of the software Tobii
Studio Live Viewer which let eye gazes to be viewed on another
Display PC connected to the same system from which the control
PC is being connected. The selection of GTP and GIP among 2
players were done randomly and their role was same throughout
the study. The move by GTP was to be predicted by GIP and at the
same time the GIP was asked to plan his move from the real-time
analysis of GTP’s eye gaze.

Three sets of data were recorded for each trial: (1) the eye tracker
data, (2) the data related to the prediction which was recorded by
the experimenter for 8 moves of both players, and (3) a simple
questionnaire at the end. Eye movement data was recorded every
4ms by the software. The prediction data resulted in 8 different
correct or incorrect responses by the GIP. Data collected by the eye
tracker during the experiment has many attributes but we were
only interested in the eye gaze positions in both x and y space, the
fixation duration which tells about the time one spent at a particular
location, the saccade amplitudes, and the fixation index. The raw
data was preprocessed by I-VT filtering focusing on removing noise
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Table 1: Screen orientation effect (out of 8 moves on average)

Orientation Attempted Correct Correct (%)
Normal 8 5.5 68.75
Inverted 8 6.2 71.5

Table 2: Scanning board while playing (out of 8 moves on
average)

Scanning Attempted Correct Correct (%)
Partial 8 5.9 73.75
Full 8 6.5 81.25

and applying linear interpolation. The questionnaire consisted of
six questions which dealt with participant expertise levels, their
interest in online gaming and their experience while playing in
both situations and rating them.

4 RESULTS

We witnessed that the orientation of views shown on (B) had a major
role in helping the GIP in the prediction task. When the screen was
in normal orientation (Figure 2(a)), the prediction accuracy was
68.75% as shown in Table 1. This was due to the fact that it was
difficult for the GIP to mentally switch the board orientation easily
from (B) to (C), respectively, which is answered by the player’s in
the questionnaire answered at the end of the game. Changing the
view orientation of (B) to match the board orientation of (C) as
shown in Figure 2(b), boosted the prediction accuracy to 77.5% (see
Table 1). This proves the hypothesis that screen orientation has a
major impact on playing while making availability of eye gazes.

It can also be seen in Table 2, that prediction accuracy is 81.25%
when the GTP scanned almost the whole board while playing, as
compared to the scenario where only partial scanning (a section
of checkerboard is covered) was done while playing, as shown in
Figure 4 (2" row of 3x3 clustered gaze and heat map). By doing so
the player likely tried to form a strategy to win and the eye gaze
revealed this thinking process due to long scanpaths. However,
this confirmed the hypothesis of the participant answers in the
questionnaire, that it was easier for them to predict when there
were less dots on the board resulting into larger movements by the
eyes, which resulted in an overall scanning of the gaming board.

Another interesting finding is that the corners of the board has
been neglected in most of the cases which can be seen in Figure
3 and Figure 4. This could be due to expertise level of players,
calibration error or some other psychological phenomenon, which
is yet to be proved by this study.

5 CONCLUSION AND FUTURE WORK

In this paper, we reported on an experiment where a board game
player was informed by an opponent player’s eye gazes while plan-
ning the next move. We used a computer (online) version of the
game of checkers as the game environment. We observed that the
eye gazes can indeed be used for prediction tasks and seem to have
a relation with the thinking process of a player. We also found
that it is advantageous to transform the gaze-tracked player’s view
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Figure 3: Clustered gazes where the left most lower part has
been neglected whereas the whole of the board has been
scanned during the game making larger saccades.

Figure 4: Heat map of gazes that reveal that the left lower
part has been neglected in almost all of the test cases.

into that of the gaze-informed player. In our experiment, we chose
a heterogeneous setup, but the same experimental methodology
could also be used with both of the players having access to the
opponent gazes.

We are currently investigating set-ups in which we provide the
GIP information of the GTP’s eye gazes for the last few seconds or
for the entire last move in a more detailed manner, to determine if
this will help the GIP. In this case, it might be that overlaying gazes
for longer durations leads to visual clutter. Addressing this potential
is the focus of this current work. What we also have not analyzed
yet are the winning probabilities for the player with and without
access to the opponent’s eye gazes. This will also be addressed in
our future work.

We believe that our research has promising implications in col-
laborative gaming with multi-players where gazes of respective
teams could be used to design better strategies for the game. It
might also have implications for collaborative work in general.
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