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ABSTRACT
In competitive co-located gameplay, players use their oppo-
nents’ gaze to make predictions about their plans while simul-
taneously managing their own gaze to avoid giving away their
plans. This socially competitive dimension is lacking in most
online games, where players are out of sight of each other. We
conducted a lab study using a strategic online game; finding
that (1) players are better at discerning their opponent’s plans
when shown a live visualisation of the opponent’s gaze, and (2)
players who are aware that their gaze is tracked will manipu-
late their gaze to keep their intentions hidden. We describe the
strategies that players employed, to various degrees of success,
to deceive their opponent through their gaze behaviour. This
gaze-based deception adds an effortful and challenging aspect
to the competition. Lastly, we discuss the various implications
of our findings and its applicability for future game design.
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INTRODUCTION
In face-to-face communication, our eyes have a dual function:
to perceive the environment and to signal our point of interest
within that environment [20]. In this context, gaze is an im-
portant behavioural cue that reveals our unspoken intentions
to other people [7]; researchers call this “nonverbal leakage”
[15]. As a result, interpreting gaze is a competitive element in
many games, where players can gain advance warning of what
their opponent intends to do by accurately reading their gaze.
Variations on this tactic abound in all types of games, from
poker players wearing sunglasses indoors to hide their eyes, to
footballers using a “no look pass” to mislead opponents about
the direction in which they will move the ball. As these ex-
amples show, counter-strategies for gaze interpretation range
from the defensive (obscuring gaze) to the delusive (portraying
a false intention through gaze).
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By contrast, digital games rarely allow for gaze interpretation,
as players are hidden behind screens and sometimes physically
remote from each other. In a recent survey of gaze interaction
in games, Velloso and Carter found an increasing number of
applications in single-player scenarios [41], but limited usage
in multiplayer and online games. HCI researchers have begun
to explore the uses of shared gaze awareness in multiplayer
games, finding that gaze visualisation can increase the feeling
of social presence between remote players [27, 33]. However,
despite its prevalence in face-to-face games, gaze-based de-
ception in online gameplay has not yet been the subject of
published research. This paper contributes the first study (to
our knowledge) of human-to-human deception through gaze
visualisation in an online strategic game.

In this study, we observed pairs of players engaged in an on-
line turn-based strategy game with incomplete information, in
the form of hidden objectives. Each player’s gaze was tracked
and, in some conditions, transmitted to their opponent and dis-
played as a dynamic heatmap overlaid on the game. The study
involved three rounds of the game, corresponding to three
study conditions: no gaze visualisation, gaze visualisation of
an unaware player, and gaze visualisation of an aware player.
First, consistent with the findings of our prior study [34], the
findings of this study showed that players made more compre-
hensive and more precise predictions about their opponent’s
intentions when they were shown a gaze visualisation of an
opponent that was unaware they were being tracked. Second,
we find that players who knew their own gaze was being visu-
alised were able to deceive their opponent with gaze, through
both obscuring their true intentions and conveying false inten-
tions. Following, we discuss the implications and applicability
of these findings for future game design. Lastly, this paper
contributes a typology of such gaze deception behaviours, cat-
egorised as dissimulation and simulation deception strategies
according to the general theory of deception [4, 5].

LITERATURE REVIEW
Gaze and Intention
Gaze is a powerful form of nonverbal communication, as its di-
rection alone can convey a number of signals, including one’s
current point of attention and future intentions [26]. Gaze of-
ten gives away this private information without our knowledge
or intent, as “nonverbal leakage” [15]. It is common therefore
for players in face-to-face games to peek at their opponents’
eyes to obtain clues as to what they will do next. Psycholo-
gists theorise that this inherent human ability to discern others’
intentions stems from our Theory of Mind—the ability to put
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ourselves into another person’s position and imagine how they
might think and act—and that gaze is an important component
to this ability [3, 28].

Gaze observation is a missing component in much technology-
mediated human-human interaction. With the emergence of
affordable eye trackers, researchers have begun to explore its
uses in remote collaborative settings using visual representa-
tions of gaze (e.g. [2, 10, 30, 40]), and have shown that it can
improve both communication and coordination. Similarly, a
small body of work has emerged in recent years that explore
eye-tracking technology as an input for digital games. Pri-
marily this has concerned the creation of novel gaze-based
gameplay experiences [39, 41], with only a few studies to
date looking at shared eye tracking in competitive multiplayer
games including our own [27, 34, 35, 40]. Typically, players
of online games cannot see their opponents and so do not have
access to the kinds of immediate behavioural cues (such as
gaze) that enrich the experience of playing games in a phys-
ically shared location. In our previous work on the subject,
we found that adding a visualisation of an unseen player’s
gaze into a digital game allowed spectators to make accurate
predictions of what the player was planning to do, based on
the areas of the screen receiving the most visual attention [34].

However, digital gaze visualisation is not a perfect replacement
for face-to-face gaze observation. Researchers have found that
live gaze visualisation from an eye tracker can be distracting
and difficult for the observer to interpret, especially when there
is a mismatch between gaze and other forms of communication
[11, 30]. Furthermore, HCI researchers have found that the
intended meaning of gaze behaviour can be difficult to discern
through a visualisation [23], as it is often “hard to distinguish
between deliberate communication and unwanted inputs” [33].
Gaze and Deception
As we use gaze cues to predict the intentions of others, gaze
can be used against us as a method of deception. Players in
many games mislead their opponents by simulating a fake
intention with their gaze, as in a footballer’s “no look pass”. In
LaserViz, the researchers simulated this mechanic using a two
player shell game variation using cards, with one player wear-
ing a head-mounted laser (that corresponds to the wearer’s
gaze) acting as the mixer [40]. The wearer initially experi-
enced a disadvantage as the opponent could correctly guess
their plans based on the gaze visualisation but in subsequent
rounds, the advantage was reversed as the wearer learned to
trick their opponent by consciously looking at the wrong card.

The effectiveness of misleading gaze behaviour is predicted
by Levine’s Truth-Default Theory [29], which holds that hu-
mans have a strong tendency to presume that another person
is communicating honestly, and that lies are usually only de-
tected after-the-fact based on contradictory evidence rather
than through observation of the liar’s demeanour. Levine ex-
plains this as an adaptive tendency for most situations, as lies
are much rarer than truths, but one that leaves humans vulner-
able to deceit. We believe this theory can be generalised to
scenarios in which the communication is solely nonverbal.

Studies have found that humans have a limited ability to differ-
entiate between true and deceptive gaze behaviours (e.g. [16])

despite developing this ability at young age. Freire et al. found
that children as young as four years old could detect small
“leaked” gaze cues, and use them to infer that a person’s private
thoughts were contradictory to their verbal statements [17].
Then again, people are also able to adopt honest-seeming gaze
behaviour when they lie to avoid suspicion. For example,
Mann et al. found that people maintained eye contact when
lying to foster trust, by taking advantage of the popular belief
that liars avoid eye contact [32]. This suggests that distinguish-
ing between true and deceptive gaze signals is a difficult task
that could provide a rich resource for challenging social play.

Gaze and Plan Recognition
The problem of plan recognition has long been investigated
by artificial intelligence researchers. Kautz and Allen define
plan recognition as “the task of inferring intentions (in terms
of plans) from the actions or utterances of observed actors”
[25]. Plan recognition is an important aspect in real-time strat-
egy games, as human players who discern the plans of their
opponents can gain a significant advantage. Further, players
with knowledge of their opponents plans will allow them to
employ some form of deceptive behaviour. Cohen et al. out-
line two types of plan recognition, keyhole and intended [9].
Keyhole recognition is the inference of an agent’s goals and
plans through unobtrusive observation, as if through a key-
hole. The agent has no intent to communicate its goals to
the observer. Intended recognition is the conveyance of an
intentionally constructed impression of an agent’s goals to the
observer; it is typically found in adversarial settings, such as
warfare, in which deceptive strategies are employed to thwart
the recognition of the agent’s true plans [8].

Strategic games have commonly been used as a context for
adversarial plan recognition research (e.g. StarCraft [24]).
Likewise, they have also been used in automated deception
detection studies (e.g. Mafia [12]), which is a challenging
problem that requires the combination multimodal inputs to
effectively detect [1]. Although a large body of literature ex-
ists in these research areas, our interest for the purposes of this
paper lies in plan recognition by human subjects. We seek to
test whether a player who follows a live gaze visualisation will
obtain the same benefits as gaze following, enabling them to
discern their opponent’s intentions and plans better.As previ-
ously mentioned, players in online games lack access to social
cues, limiting their ability to discern plans until sufficient ex-
plicit information is provided. Byom and Multu explain that
are three mechanisms of Theory of Mind: (1) knowledge of
shared contexts, (2) perception of social cues, and (3) interpre-
tation of actions, all of which are crucial when attempting to
discern future behaviours [6]. The use of an online strategic
game with incomplete information combined with the intro-
duction of gaze visualisation allows us to study this effect.
Furthermore, such games typically require players to construct
hypotheses plans (that we can measure), and at the same time
invite treachery, trickery and deception [37]. Additionally,
playing strategic games have been found to activate regions
of the brain associated with Theory of Mind [18]. Our work
lies at several crossroads, as we begin to explore the potential
of gaze as a playful nonverbal avenue for deception while
drawing on its roots in face-to-face human communication.
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AIMS
We aim to explore the uses of gaze visualisation in online
multiplayer games by understanding its potential usage for
intention-reading and deception. Gaze, being a key signal for
Theory of Mind, can assist a player to accurately imagine the
mind of their opponent and thus help them to plant false beliefs.
We formed the following hypotheses about this activity, based
on our review of the literature:

[H1] Players who have knowledge of their opponent’s gaze
are better at discerning their opponent’s overall plans.
[H2] Players who are aware that their gaze is being watched
will alter their gaze behaviour to deceive their opponent.
[H3] When a player knows their gaze is being watched and
attempts to mislead their opponent through deceptive gaze
behaviour, the opponent will not detect the deception.
[H4] Players will be less accurate at predicting the plans
of their opponent when the opponent knows their gaze is
being watched than when the opponent does not know their
gaze is being watched.

We aim to build upon our previous work [34] in three ways:
(1) By using players instead of spectators, where players
will make use of gaze visualisation of their opponent during
live gameplay, balancing the tasks of devising their own
strategic plans with making inferences about their opponent.
(2) By assessing the ability of players to interpret and re-
spond to opponents’ gaze cues over the course of a whole
game, with a particular interest in the ability to make long-
term predictions during the early game before in-game ac-
tions have been taken. Previously, we were only able to
obtain short-term predictions from the short clips used.
(3) By introducing a deception aspect where one player
is aware that their gaze is being visualised, to create an
opportunity for the player to deliberately manipulate their
gaze behaviour to potentially mislead their opponents.

STUDY
We selected the computer game Ticket to Ride following the
success of its use in our prior work [34]. In this game, players
compete to build train routes between adjacent cities across a
map of North America, and gain points for building a connec-
tion between specific pairs of cities that they are assigned on
“ticket” cards (goal cities e.g. Vancouver - Montreal), which
are unknown to the opponent. Players lose points if they fail
to complete ticket cards they hold, and can block each other’s
paths, as only one player can claim each train route. Therefore,
players must plan their train networks carefully to minimise
the risk that an opponent will block them by claiming impor-
tant routes first. More detailed information on the rules of
Ticket to Ride can be found on the game’s website1.

There are several factors that make Ticket to Ride a suitable
game for this study, in addition to keeping continuity with our
previous study [34]. As a turn-based game, it gives players
time to observe their opponent without having to focus on their
own actions concurrently. It contains hidden information in
the form of secret goals. As a map-based game, it encourages

1http://www.daysofwonder.com/tickettoride/en/usa/

Figure 1: Study Conditions. In C1, no gaze data is visible to either player.
In C2, PA can see PB’s gaze, and PB is unaware of this. In C3, PB can see
PA’s gaze; PA is aware of this, and that PB does not know PA is aware.

players to look at locations that correspond with their plans—
and provides opportunities to do so misleadingly. Finally, it
has a short gameplay time (around 30 minutes or less for two
players), and is sufficiently simple that players are able to
learn the rules and develop an understanding of the general
strategies within a few minutes. We structured our study to
ensure both players were familiar enough with the game to
make predictions about their opponent, and that Player A (PA)
would be familiar with the gaze visualisation format by the
third round (see Figure 1) to allow them to develop ideas about
how to use it against their CU-GA opponent.

Study Conditions
Each pair of players played three rounds of Ticket to Ride
against each other, with each player being subjected to a con-
dition (see Figure 1). Each condition consists of the players’
awareness of the study condition (CA: Condition Aware, CU:
Condition Unaware) and their awareness of their opponent’s
gaze (GA: Gaze Aware, GU: Gaze Unaware). Condition-
Aware players were given all details of the study condition
for that round, including what their opponent knew. Each
players’ awareness differed between rounds, as described be-
low. One player was aware of the condition in every round
(PA), while the other was naive after the first round (PB). The
second and third round correspond to keyhole and intended
plan recognition scenarios, respectively [9].

Condition 1 (Baseline)–No Gaze Visualisation of Players
The first round consisted of a standard online match with no
gaze visualisation and both players are aware of this, making
both players CA-GU (see Figure 1). This round served as a
baseline for recording the players’ behaviour under normal
gameplay conditions. It also allowed players to get experience
playing the game to minimise any learning effects, and to get
a sense of forming their own strategy while discerning their
opponent’s strategy, based only on explicit in-game actions.

Condition 2 (Gaze Viz.)–Gaze Visualisation of Unaware Player
In the second round, PA was shown the gaze of PB throughout
the game, and knew that PB was not aware their gaze could
be seen (see Figure 1). This allowed PA, as a CA-GA player,
to try to discern the intentions of an entirely naive opponent
(CU-GU) through their gaze natural gaze behaviour.

Condition 3 (Deception)–Gaze Visualisation of Aware Player
In the third round, PB received the gaze visualisation of PA.
But this time PA knew their gaze was being tracked (see Fig-
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ure 1). Not knowing this, PB (CU-GA) attempted to discern
the intentions of PA (CA-GU) through their gaze behaviour
without knowing that they could be intentionally misled.

Recruitment
We recruited 40 players (22 female) from the University of
Melbourne, and assigned them into 20 pairs. These included
undergraduate students, graduate students and non-faculty
staff, aged between 18 and 39 years (M=23.2). Players were
compensated with a $20 (AUD) gift card for their time. Before
the study, players were asked to learn the rules of the game
by watching a video tutorial, if necessary; 11 had played the
game previously. A majority self-identified as an “occasional
gamer” (23), while the rest self-identified as a “non-gamer”
(11) or “regular gamer” (6). Ten players had used eye tracking
previously, all as participants in a research setting.

Experimental Setup
The study was conducted in a university usability lab with
two players in each session under approval by the University’s
ethics committee. To simulate online gameplay, we placed
players in separate observation rooms and set up an online
game of Ticket to Ride between them. We provided snacks and
bottled water during the study in addition to the compensation
due to the duration of each session. Both computers were fitted
with a Tobii 4C eye tracker2, and the gaze data from the eye
tracker was streamed between the computers using a custom
networked system that overlaid real-time gaze visualisations
over any application (also used in our previous study [34]).
Players were also given a tablet computer that mirrored their
desktop computer screen and instructed to sketch notes about
their opponent’s strategy on the tablet using a stylus. We
placed a video camera in each room to record the players, and
the computer screens were also recorded for the duration of
each session. Lastly, we logged the raw gaze data of both
players for each game round for later analysis.

Procedure
Two researchers were present in each session to facilitate the
study and to observe the players. The researchers followed a
well-rehearsed script, so as not to reveal the study conditions
to the players. On commencement, both players were given
an initial briefing together that explained that their gaze would
be tracked throughout the study for the sole purposes of later
analysis. Players were then randomly allocated into one of the
two observation rooms, with one researcher in each. There,
players were given a written overview of the study, consent
form and basic demographic questionnaire to fill out. Fol-
lowing this, players were calibrated using default calibration
procedure of the eye tracking device, and instructed to play
the game’s interactive tutorial until both players were satisfied
that they understood the game for up to 10 minutes.

Players then played three rounds of Ticket to Ride against each
other through an online connection. To ensure timely com-
pletion, each player was given a 15 minute cumulative time
allowance for their total turns in each round; if either player
ran out of time, we manually calculated the scores for that
round. At the start of each round, we requested each player
to pick all three randomly assigned ‘ticket’ cards to complete
2http://tobiigaming.com/eye-tracker-4c/

(each representing a pair of ‘goal cities’, potentially having up
to six initial goal cities). Players were asked to ‘think aloud’
during the game about their strategy; their opponent’s strategy;
what they were thinking and what their opponent might be
thinking. The researchers prompted the player occasionally on
these topics, and took notes throughout the session on player
comments or behaviours related to the study objectives. Re-
searchers were permitted to respond to any questions regarding
the rules of the game at any time during the session. In the
conditions where the player could see gaze, we provided a
short tutorial on how we would like them to annotate on the
tablet—circling the cities they thought were their opponent’s
goals and highlighting the routes they thought their opponent
planned to take (see Figure 2). The gaze was visualised as
a dynamic real-time heatmap, as our previous study showed
that this was the best representation for discerning the goals
of a player based solely on a gaze visualisation [34]. The
dynamic heatmap visualisation was semi-transparent, and the
application allowed the player to click “through” it as normal.

At the end of each round, players completed a brief section of
the questionnaire (see Measures and Analysis section below
for questionnaire details) about the round they just played. At
the end of all three rounds, both players were invited to add
any final thoughts, and the CU-GA player was asked whether
they suspected any deception in the study. Finally, both players
were fully debriefed about the study conditions.

Measures and Analysis

Player Self-Assessment and Experience
We created two sets of questionnaires for players to complete
following each round of the game, with slightly different ques-
tions for each. In both sets, the first three questions following
all conditions asked the player to rate their ability to predict
their opponent’s short-term and long-term plans, and what
aspects of the game they had found helpful in predicting their
opponent’s plans. These repeated measures allowed an as-
sessment of the subjective effects of gaze visualisation and
deception on intention recognition ability. We expected that
players would make a higher number of predictions when gaze
was visualised and that these predictions would be more ac-
curate when the opponent was unaware their gaze was being
visualised. To test this effect, we ran a multiple regression
model on the questionnaire responses, with independent vari-
ables being gaze awareness (whether the opponent’s gaze was
visualised on their screen or not) and condition awareness
(whether the opponent was aware that their gaze was being
visualised or not).

For the second and third round, the questionnaire asked ad-
ditional questions to assess the impacts of gaze visualisation.
Both players were asked to rate their experience with the gaze
visualisation following the round in which they saw it. After
the third round, the CA-GU player was asked whether they
attempted to deceive their opponent and how. To test whether
the deception of the study had been maintained, the CU player
was asked after the second round in what ways the game had
been different to the first round; and after the third round, the
penultimate question asked whether they felt they had been
deceived about the study at any point.
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Prediction Performance
We are primarily interested in players’ actual success at dis-
cerning the plans of their opponents, as opposed to their self-
assessed abilities. To determine this, we first extracted the
ground truth (all routes each player claimed) for each individ-
ual game for each player (120 games total). We then analysed
the study recordings to list all instances in which a player made
an inference about their opponent’s plan, including both verbal
statements and tablet annotations. We then categorised these
into goal predictions (goal cities the opponent is ultimately
connecting to, i.e. their secret objectives) and subgoal predic-
tions (what cities or routes they intend to connect through to
reach their goal cities). We measured each of these predictions
against the opponent’s ground truth, defined as the secret ob-
jective cities they were assigned by the game, the routes they
ultimately claimed, and any routes they verbally declared they
were considering but did not end up claiming. We included the
latter because players could change their strategy in response
to events during the game, particularly after being blocked
by an opponent who had correctly guessed their plan. We ex-
cluded from the ground truth some incidental routes, primarily
any last-minute building decisions in the final turn that were
clearly not part of their planning before that point in the game.

We assessed players’ prediction performance using three met-
rics: (1) their accuracy in discerning goals, (2) the extent
to which they discerned their opponent’s plans, and (3) the
distance of each guess from the ground truth, in terms of
both goals and subgoals. We evaluated players’ goal and
plan prediction performance by employing the F1 − Score
(F1 = 2 × (precision × recall)/(precision + recall)) metric
from information retrieval literature [36]. We compared the
number of goal cities that were guessed correctly against the
total number of cities guessed (Precision), and against the
number of cities that were in the ground truth (Recall). We
then performed the same comparisons, replacing the number
of correctly-guessed goal cities with the number of goal cities
that had been guessed as subgoals. A F1−Score value was cal-
culated from both sets of comparisons. Lastly, we employed
the distance metric from graph theory [42]. As the playing
area of Ticket to Ride is laid out as a graph diagram, it is pos-
sible to determine an error distance by treating all cities as
nodes in a graph, and measuring how many nodes the guess
was away from the ground truth [31]. To simplify our analysis,
we take the shortest distance between the guess to any goal (or
subgoal) from the ground truth. Predictions that were adjacent
to a goal (or subgoal) thus have a distance of 1, and predictions
that correctly matched the ground truth have a distance of 0.

RESULTS
Each session lasted for at least two hours, and consisted of
three rounds of Ticket to Ride between two players, for a
total of 60 rounds or 120 rounds if each player is considered
separately. We then compared the extracted predictions made
for each player in all conditions against the ground truth for
that respective game. The use of the “think-aloud” protocol in
our study provided rich descriptions of players’ strategies and
considerations throughout each of the games. These reflections
gave us confidence in our analyses of the game data, as the
results are in accordance with what players said themselves.

Effect of Gaze Awareness and Deception
Effect on Player’s Self-Perceived Predictive Ability
We examine players’ self-perceived predictive ability, i.e. how
well they thought they discerned the plans of their opponent.
We built a multiple regression model to predict player’s self-
ratings on this measure. A significant regression equation was
found for both short-term (R2=0.23, F(3,116)=11.28, p<0.05)
and long-term (R2=0.20, F(3,116)=9.42, p<0.05) predictive
ability. We can define the model based on the latter as follows:

Response = 3.27+(1.8(Gaze))+(−1.32(Deception))

Both measures are significantly correlated across all conditions
for both players (Pearson(r)=0.78, p<0.05), meaning that if a
player rated their ability to predict specific plans highly, their
ability to predict overall goals was also rated highly. The
model also shows that there were no learning effects in predic-
tive ability, but there was an increase in players’ confidence in
their ability to form strategies and make predictions.

Effect on Player’s Outcomes and Experience
We first report on players’ self-assessments (questionnaire
responses), each measured on a 7-point Likert scale (1 being
lowest agreement, 7 being highest agreement). Subsequently,
we report on the way players spoke about the experience of
the game, and the level of success that they achieved.

Overall, players found it easier to make short-term predictions
(moves) (PA=5.6,PB=5.4) and long-term predictions (strategy)
(PA=5.1,PB=5.3) in conditions where gaze was visualised.
Both sets of players noted the gaze visualisation was useful
for formulating their own strategy (PA=4.9,PB=5.1), and that
it changed the way they played the game (PA=5.4,PB=5.2).
Both sets of players also believed that gaze visualisation had
an influence on the outcome of the game (PA=5.1,PB=4.7). In
Condition 3, the CA-GU players indicated that they changed
the way they played the game as they knew that their opponent
could see where they were looking (M=5.2,SD=1.6). Conse-
quently, the players were somewhat bothered by the knowl-
edge that their gaze was being observed (M=3.9,SD=1.7),
and all of them employed some form of deceptive strategy to
counteract this (see Gaze-Based Deception Strategies section).

In a comparison of the actual game outcomes in Conditions 2
and 3, we found that the CA players were no more successful
than the CU players. This was despite their information ad-
vantage, as demonstrated by their greater ability to discern the
opponent’s true intentions (see Table 1). To explain this, we re-
fer to the comments from the CA player for both conditions. In
Condition 2, CA-GA players commented that the gaze visuali-
sation was distracting and drew their attention away from their
own plans, both by providing additional information about
their opponent’s plans and by creating visual clutter on the
screen. We believe that this was likely exacerbated by the fact
that real-time gaze visualisations were an unfamiliar interface
element for all players. The CA-GA players also commented
that the visualisation influenced them towards a ‘blocking’
strategy, which was focused on interfering with their opponent
rather than pursuing their own goals. This strategy proved
relatively ineffective in many cases, as it caused the aggressor
to waste as many turns and resources as the player they were
trying to block. For example, P6A stopped their opponent
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Goal Prediction Plan Prediction Distance

Condition Player Won Avg. Predictions F1 −Score1 F1 −Score2 Precision (Recall) F1 −Score Total Mean

Cond. 1 (Baseline) PA (CA-GU) 13 5.8 0.06 0.13 0.49 (0.13) 0.19 25 0.22
PB (CA-GU) 7 4.5 0.11 0.19 0.51 (0.11) 0.17 29 0.32

Cond. 2 (Gaze Viz.) PA (CA-GA) 11 12.7 0.23 0.44 0.48 (0.34) 0.39 75 0.30
PB (CU-GU) 9 5.8 0.02 0.04 0.49 (0.13) 0.18 24 0.21

Cond. 3 (Deception) PA (CA-GU) 12 4.0 0.09 0.17 0.48 (0.09) 0.14 24 0.30
PB (CU-GA) 8 11.7 0.18 0.35 0.41 (0.28) 0.31 111 0.48

Table 1: Prediction Performance Results. The F1–Score2 is calculated based on all cities (goals and subgoals) guessed against the ground truth to find
out if players did discern the goal cities did not recognise them as goal cities while F1–Score1 is calculated based on only correctly guessed goal cities.

from completing 2 out of 3 ticket cards, but completed none
of their own objectives. The CA-GU players spoke about the
difficulty of maintaining their deceptive strategies while also
thinking about their plans, especially early in the game, noting
that it was the best time to be deceptive as their opponent had
no other cues. This difficulty in maintaining deception echoes
the findings of the LaserViz study [40]. Many of the CA-GA
players commented that they felt like they were ‘cheating’
in the second round with an ‘unfair advantage’, whereas the
final round felt more challenging, and generally more exciting.
Nevertheless, the CA-GU players found it interesting and en-
gaging to know that their gaze was being watched, and stated
that it gave the game added depth.

At the conclusion of each study session, the deceived player
was asked whether they suspected that they had been deceived
at any point. Only one player expressed some suspicion while
the rest did not express any at all. All players expressed the
opinion that both they and their opponent had improved their
performance each round, which they attributed to ordinary
factors such as the luck of the draw or taking greater care in
planning their strategies.

Effect on Prediction Performance
Table 1 displays a summary of prediction performance results
for all three conditions. A total of 889 predictions (guesses)
were made by both players across all conditions. The introduc-
tion of gaze increased the average number of raw predictions
made compared to when players could not see gaze. Further,
we noted that players were able to make their first predictions
significantly earlier when given the ability to visualise the
gaze of their opponent than in the other conditions without
gaze, on average within the first minute from the start of the
game. In the conditions without gaze visualisation, the first
prediction on the opponent’s plans was only made after the
opponent claimed a few routes, typically a few minutes into
the game. Predictions did become increasingly difficult if an
opponent was effective in hiding their intentions. On occasion,
the researchers would prompt the player on what they thought
their opponent’s plans might be, which would often result in a
negative response from the player (e.g. “I don’t know”, “I am
not certain”, etc.), or a brief response with no solid prediction
that the researcher could record.

A reason for low prediction counts, particularly in the condi-
tions where players were gaze unaware, is that players often
focused on their own plans initially and were less concerned
about their opponent’s plans until completing their own. This

was more likely in round 1 as new players got used to the
game. Players may have been particularly good at hiding their
plans, in line with the game design, making it hard to make
predictions. This led to the predicting players only making
predictions when they were confident, leading to a low number
of average predictions with high precision but low recall.

In the conditions where players were gaze aware, they explic-
itly mentioned that they used the gaze visualisation extensively
to make predictions, especially in the early stage of the game.
This was as expected, as few actions are played in the early
stage and the formation of their own plans was still in its in-
fancy. We highlight that players used a variety of in-game
actions as well to make predictions, such as observing which
colour cards the opponent picked from the deck and matching
that to the colour of routes on the board, or observing the
general direction in which the opponent was building. Experi-
enced players used the average distance between pairs of cities
to gauge whether their opponent had completed a ticket. Other
in-game cues contributed to their predictive ability, such as
observing which train cards were not selected and analysing
opponent’s building patterns. Players who frequently anno-
tated on the tablet found it effective for keeping track of their
opponent’s plans.

In the third condition, the CA-GU players made fewer predic-
tions about their opponent’s plans than in the previous rounds.
We believe this is for three reasons. Firstly, players focused
first on deceiving their opponent and second on attempting to
complete their own goals, leaving little attention for discerning
their opponent’s plans (“I wasn’t focused on predicting their
movements but rather on how to throw them off since I know
I’m being watched.” [P9A]). Secondly, the deceptive gaze
activity required these players to keep track of two sets of
plans (true and deceptive), making it hard to keep track of a
third. Thirdly, players felt less confident about their predictive
abilities after seeing the gaze visualisation and then having it
removed (“I was less able to assess my opponent’s strategy
than I thought I could. It allowed to see the real advantage
of having the eye tracking in the second round. With the eye
tracking, I would have been able to see if she was looking at
the east coast the entire time.” [P11A]).

Upon calculating the different metrics to determine the effect
of gaze and deception on prediction performance, we found
that the CA-GA players performed the best overall in Condi-
tion 2 amongst the other rounds, despite having the highest
number of predictions. There was some degree of error indi-
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Figure 2: Ticket to Ride Gaze Visualisation Prediction Example. The three figure above shows three stages (early, mid, late) of the same game from
left to right, and the real-time heatmap visualisation used in our study. The green tracks belong to the CA-GA player (who has annotations in yellow
highlight) while the red belongs to CU-GU player. In early stage, the CA-GA has already predicted part of their opponent’s plans, discerning that the
opponent is interested in a particular route(s) when no trains have been played yet by the opponent. In the mid stage, we can see how the predicted
strategy has been played out and now better discern a different part of their plan. In the late stage, we can see more of the predictions materialising.
The figure has been enhanced by reducing the contrast of the background to better show the real-time visualisation, paths claimed and the annotations.

cated by the total distance (75), but this appears to be in the
normal range when averaged, meaning that the predictions
made did indeed have a distance but was of low value. In con-
trast, performance scores for the CU-GA players in Condition
3 reveal that they still made more correct predictions based
on the goal and plan prediction scores compared to conditions
with no gaze. Further, the distance metric did reveal that only
36.6% of the CU-GA players predictions had a distance of
over 1 (CA-GA was 26%), showing that the players could still
judge their opponents’ plans with reasonable accuracy.

We expected the likelihood of players discerning the goals of
their opponents to be generally low, especially in conditions
without gaze, and this proved to be true (F1 −Score1). As a
further step, we wanted to see if players would guess their
opponents’ goals as part of a route (i.e. as subgoals) without
discerning them as end goals (i.e. without circling them or
stating that they were a ‘ticket’ destination). The results for
this analysis were higher (F1 −Score2), meaning that players
did indeed discern goal cities without recognising them as end
goals. A further comparison revealed that CU-GU players in
Condition 2 had a constant low prediction score, which we
believe is attributable to three factors. First, the CA-GA play-
ers kept their plans hidden better, by playing a more reserved
strategy. Second, the CA-GA players often employed a block-
ing strategy, causing the CU-GU players to make incorrect or
fewer predictions. Third, the CA-GA players completed less
of their own intended plans in this round, so there was less
on-board information for the CU-GA players to make infer-
ences from. As an additional point, we observed that players
commonly extended their routes beyond their goal cities to get
bonus points (Ticket to Ride gives bonus points to the player
with the longest overall route), which made it harder to discern
whether the ‘ticket’ goal was the end of a route or not. In
Condition 3, CA-GU players (e.g. P15A) commonly looked
beyond their goal cities as a form of gaze misdirection.

The CA-GA players in Condition 2 scored an average plan
prediction score of 0.39 (SE=0.031) when they could see their
opponent’s gaze, compared to 0.19 (SE=0.036) in Condition
1 when they could not. A Welch Two Sample t-test indicated
a significant difference between rounds (t=4.20, df=37.23,
p<0.05), along with a medium-sized effect r=0.57. We thus
reject the null hypothesis [H1]. The CU-GA players in Con-
dition 3 scored an average distance error of 0.48 (SE=0.050),

whereas the CA-GU players in Condition 2 scored an average
distance error of 0.3 (SE=0.033). A Welch Two Sample t-
test indicated a significant difference between rounds (t=3.01,
df=413.32, p<0.05), with a small-sized effect r=0.15. We thus
reject the null hypothesis [H4].

Summary
Our results showed that gaze added value when used to discern
plans in a strategic game, especially early in the game, con-
sequently revealing a large part of the tracked player’s plans
as the game progressed. Figure 2 illustrates how gaze was
displayed, followed by its early and partial prediction of an
opponent’s plan. Further, we found that deception did have
an effect on predictive performance, though the player’s true
intentions still leaked through their gaze. The CA-GU players
did need to look at their real plans on occasion and, over time,
gave them away as they claimed more routes. As a result,
CU-GA players guessed both true and deceptive plans. The re-
sults are also consistent with Hypothesis [H3], as the CU-GA
players did not state that they were being deceived (as pre-
dicted by the Truth-Default Theory [29]), when in fact all the
CA-GU players did attempt to deceive. Gaze visualisation had
overall positive effects on both player experience and player
performance, although it was also found to be ‘distracting’.
The findings also show that the deception condition did cause
the CA-GU players to change their gaze behaviour, as they
became more aware of where they were looking and sought
to deceive their opponent, validating Hypothesis [H2]. The
strategies employed are summarised in the section below.

GAZE-BASED DECEPTION STRATEGIES
All CA-GU players in the final round stated that they at-
tempted to deceive their opponent by manipulating their gaze
behaviour, and described one or more strategies they used to
do so. We categorised the strategies according to the general
theory of deception, which divides deception methods into
two main categories: dissimulation (covert, hiding what is
real) and simulation (overt, showing the false) [4, 5]. Within
these categories, we have created a more specific typology that
draws on both the general theory and deception concepts in
military strategy, such as camouflaging [13].

Dissimulation Deception Strategies
We observed several ways that players sought to conceal their
plans when they knew their gaze was being observed. The
most frequently employed and direct dissimulation strategies
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were Gaze Averting (6) and Information Reduction (6), fol-
lowed by Gaze Scattering (5). The least employed strategies,
Risk reduction (3) and Obstruction (4) were more oblique,
seeking to deny the opponent an accurate target to uncover.

Gaze Averting: Players sought to avoid looking at the routes
and cities that were of interest to them. In Bell and Whaley’s
typology, this was a kind of masking [5]. The practice was dif-
ficult to sustain; players frequently expressed frustration at the
conflict between their desire to see what they were doing and
their anticipation that doing so would give away their plans to
the opponent. From observing and listening to players, it was
apparent that this avoidance tactic took concentrated effort to
maintain, and as such, it tended to lapse for increasing lengths
of time as the game went on. In face-to-face communication,
gaze averting is often attributed as a tell-tale sign of someone
lying [14], but this was not detected in our study.

Gaze Scattering: Players went a step further than aversion,
by actively scattering their gaze around the screen to give the
impression that they were looking “everywhere”. This tactic
was intended to make it hard to distinguish moments of real
planning from moments of arbitrary looking—similar to Bell
and Whaley’s concept of dazzling [5]. Gaze scattering also
served as a kind of attack on the opponent’s concentration.
In Condition 2, all of the CA-GA players noted that the gaze
visualisation distracted them from planning their own strategy
under time pressure. In turn, players replicate this distraction
for their opponent in Condition 3 by scattering their gaze,
essentially “weaponising” the gaze visualisation.

Information Reduction: Players employed several tactics to
reduce the amount of information their actions could give away.
For example, players favoured drawing cards from the blind
deck over drawing face-up cards, so that the opponent could
not see what colours they were collecting. Other players took
their turns as quickly as possible, minimising their opponent’s
time-frame for making inferences about their gaze and actions,
causing the opponent to concentrate on their own plans instead.

Risk Reduction: Players adopted a more flexible strategy
when they were aware that their gaze was being observed,
to minimise the effect of being blocked by their opponent. For
example, players chose to build across areas that offered the
most alternative pathways, rather than going for a more direct
and efficient route. Players who adopted this strategy typically
tried not to claim any train routes for the first half of the game,
and focused instead on collecting cards; this both reduced
the information available to the opponent (gaze and in-game),
and allowed the player to re-plan their route if the opponent’s
actions got in the way of their initial plan. Risk reduction
strategies such as these ensured the player’s intentions could
not be pinned down, because they were left open to change.

Obstruction: Players sought to disrupt their opponent as a
form of counter-attack, taking the focus away from their plans
by playing aggressive moves such as taking cards and routes
that they thought their opponent might need. The intended
benefits of this were twofold. First, if done well, it forces the
opponent to use up their resources to work around the blocking
moves, which ideally left the opponent unable to complete

their objectives by the game’s end. Second, by forcing the
opponent to play reactively, it neutralises the opponent’s in-
formation advantage as the opponent would be less concerned
about the gaze-tracked player’s secret objectives. This was a
high-risk strategy, as the player attempting it had less informa-
tion available to them to know whether their aggressive moves
were, in fact, obstructing their opponent’s plans.

Simulation Deception Strategies
As well as hiding their true intentions, players sought to ac-
tively mislead their opponent through various kinds of Gaze
Misdirection (3), a specific example of which was Decoys (16).
Players also used Gaze Camouflage (4) strategies to create a
false impression about the meaning of their actions.

Gaze Misdirection: Players attempted to give their opponent
a false idea about what they were thinking by exhibiting be-
haviour that was consistent with an imagined alternative plan.
For example, the player might stare at a route they think the
opponent wants to build on, to scare them into thinking they
will be blocked; this was intended to induce a degree of panic
and to keep them from noticing the player’s real plans. At
times, players would take this further by alternating fixations
between the route and a face-up card of the matching colour,
to heighten the impression that the player was planning out
their own construction, rather than idly looking at the map.

Decoys: A common sub-case of gaze misdirection was the
use of decoy paths and is the most common deception strategy
employed. Players who employed this strategy chose a set
of cities far away from their real objectives, and repeatedly
traced a path between them to give the impression that they
were planning to build there. The decoy was usually chosen
at the beginning of the game, shortly after the player had
received their real objectives. Players typically watched out
for their opponent building on their decoy path, and took this
as confirmation that they had deceived the opponent. For the
disinformation to be effective, however, the enemy must know
how it is being accepted and interpreted by the target [22].

This strategy appears to be the most effective, particularly as
opponents showed a degree of confirmation bias in their obser-
vations. Typically, the opponent expressed an early suspicion
about one or two locations that the CA-GU player had looked
at, and subsequently, they would notice any time the player’s
gaze overlapped that point, while being less alert to other areas
that the player was looking at. This meant that opponents who
were deceived by an early decoy often remained distracted by
it, even after the CA-GU player has moved on from the decoy.
Below is a chronological example from Session 17 (P17B):

[03:09] “She’s really focusing on Pittsburgh.”
[05:57] “I’m still convinced she’s going to go Pittsburgh
somehow. She won’t stop looking at Pittsburgh.”
[08:39] “She wants to do a loop down underneath. I just
don’t know how she plans to get to Pittsburgh after that.”
[09:02] “Ok now she wants to get to Pittsburgh from here”
[after opponent claimed Helena to Denver route]
[11:49] “I still think she is trying to get to Pittsburgh.”
[12:46] “Maybe she didn’t need to go Pittsburgh at all.”
[after opponent started to take new ticket cards]
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Gaze misdirections and decoys became less effective as the
board filled up with claimed routes, as these were taken as
more reliable evidence of the players’ intentions than the gaze
tracking. To counter this, there are instances where CA-GU
players even spent resources to claim a route along their decoy
path, just to sell the idea that they were planning to build there.

Gaze Camouflage: Players used elements of the game board
as cover for their real point of attention. This corresponds to
repackaging in Bell and Whaley’s typology [5]. This strategy
involved the player fixating for an extended period on routes
that had already been claimed, to give the impression that they
were considering this existing network, when in fact they were
using their peripheral vision or brief side glances to plan a
new path on nearby unclaimed routes. At other times this was
done with elements outside the main game board, such as the
cards around the outside. In some cases, the player appeared
to be unaware that their face was turned towards the intended
“cover point” but their eyes were still directed at their real goal,
so the deception was unsuccessful.

DISCUSSION
Players demonstrated a deep understanding of how to utilise
gaze visualisation and their added knowledge about their op-
ponent’s plan. This went beyond simply discerning the oppo-
nent’s intended paths and blocking them. A common tactic
was to plan the timing of an action based on its proximity to
the opponent’s gaze: if the player saw the opponent looking
in the vicinity of a path they wanted, that path became the
player’s first objective; other paths were de-prioritised relative
to their distance from the opponent’s area of focus. If the
opponent’s gaze was far away from all of the player’s goals,
the player was more likely to build up resources and bide their
time before claiming any routes, allowing them to play in an
efficient manner that avoided signalling their own plans to
the opponent. When players were confident in their predic-
tions, they were able to plan for deception. For example, P9A
predicted a multi-step path that their opponent would take,
waited until the opponent had built along most of that path
(confirming the prediction), and then claimed the final section
at the last moment, forcing the opponent to take a long detour
after they had invested many resources into the original route.
Gaze unaware players were much less likely to engage in such
aggressive tactics, as they were less confident that their actions
would be in the to stop or disrupt their opponent.

The benefits of the gaze visualisation were offset by a cost
in players’ time and attention. Players reported that the vi-
sualisation was distracting, and made it hard to concentrate
on planning their own strategy: "If my task is only to predict
my opponent’s moves, that would be substantially an easier
task, especially with the eye tracking. But when you try to
make predictions and play the game with a time constraint, the
cognitive load starts to build up." [P2A]. Accordingly, we ob-
served that players who could see the gaze visualisation spoke
less about their own strategy and more about their opponent.
Players who could not see the visualisation were more likely
to talk about the opponent’s strategy in terms of potential risks
and contingencies for their own strategy. Further, players spec-
ulated that the visualisation might be a net disadvantage in

terms of winning the game due to its distracting nature, al-
though most took a guess and mentioned that it would become
more advantageous once players became accustomed to it.

The level of distraction may be partly attributable to the visual-
isation style. A few players commented that they would prefer
a simple moving dot to the dynamic heatmap used in the study.
The choice of the dynamic heatmap was informed by our prior
study [34], in which it was the most accurately interpreted and
second-most preferred visualisation style among nine formats
compared. However, participants in that study were observers
of a game rather than active players. It is possible that a less
information-rich visualisation would be more manageable for
players, who need to focus on developing their own plans as
well as discerning those of an opponent. Moreover, the prior
study showed substantial variations in preferences between
participants. All in all, this suggests that it would be beneficial
to give players some control over the gaze visualisation style,
such as the ability to change its appearance or switch it on and
off to manage the flow of information.

Non-live gaze visualisations could also help to avoid the dis-
traction effects observed in this study. Mechanisms can be
implemented to give each player a summary of where their
opponent in an online match has looked, and for how long.
For example, in GeoGazemarks, fixations were recorded and
clustered to give a history of a user’s points of interest to sup-
port free map exploration [19]. This is similar in function to
the dynamic heatmap visualisation used in this study, although
our heatmap provided a persistent summary only of gaze be-
haviour over the past few seconds; this persistent-summarising
quality was one of the characteristics for which it was favoured
in our prior study [34]. However, a non-live gaze visualisation
would lose some of the affordances that provided for interest-
ing gameplay opportunities found in our study, such as the use
of gaze scattering strategy to distract an opponent.

While our study supports the general consensus of prior lit-
erature that gaze visualisations can be disruptive as well as
informative, it also points to an opportunity for game design-
ers to utilise this as a double-sided resource for players. We
provide three examples of how this resource might be used
as a “power up” in online multiplayer games. First, we can
provide live information about where an opponent is looking,
at the cost of distracting visual noise and the risk of being
misled by false signals. This can also take the form of non-live
gaze visualisations, giving the player a summary of the oppo-
nent’s gaze but leaving open the possibility that the opponent
had manipulated their gaze to be deceptive. Second, we can
limit where gaze visualisations appear; either activated by the
player, activated arbitrarily (such as on a timer), or activated by
other gameplay systems (for example, only appearing in areas
that the player has previously explored, similar to fog of war
in concept). Allowing the player to see gaze visualisations in
only part of the game could leave them with a strategic choice
of whether to seek further gaze information, at the potential
cost of distraction, or allow themselves to be oblivious to their
opponent’s gaze. Third, we can use awareness of gaze sharing
as a game resource, so that under certain conditions a player
is notified when their opponent can see their gaze, allowing
them to undertake deception strategies.
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Generalising the implications of this study to other types of
games should be done with caution, however. Ticket to Ride
was chosen as an appropriate game for gaze sharing as it is
turn-based and both players see a largely identical screen, so
they can watch each other taking turns. These qualities are
common to many digital board games, but are not present
in many popular genres of online games. For example, in
a real-time strategy game such as Starcraft, players scroll
across a game map that is larger than the boundaries of their
screen. A gaze visualisation for this kind of game would
have to be anchored to the in-game location that a player is
observing, rather than just the coordinates on the screen. This
would reduce the amount of time each player spent observing
their opponents’ gaze, as it would allow them to monitor gaze
activity only in areas they are concerned with, or only in areas
they have previously explored (as in fog of war). A player
may deduce, for example, that their opponent is not launching
an attack as long as their gaze activity is isolated to the area of
their own base. However, in a real-time game such as this, we
assume the level of distraction caused by gaze visualisation
would be even more acute than in a turn-based game as players
do not have time to sit and think.

Players were successful in devising deception strategies that
reduced their opponent’s prediction accuracy about their plans,
but also found degrees of difficulty in maintaining them (in
line with [40]). All of the strategies we observed were con-
ceived independently by the players, without suggestions from
the researchers, and the stated inspiration behind many of the
strategies was the player’s own experience of observing the
gaze visualisation. Players were largely successful in convert-
ing their own experience into an accurate enough model of
their opponent’s thinking that they could implant a false belief
about their strategy, or disrupt the prediction process in other
ways. This demonstrates the application of Theory of Mind, as
the ability to deceive is considered one of its hallmarks [28].

The effects of gaze visualisation were most pronounced in the
early stage of the game. This was true both for the ability to
make predictions and for the ability to deceive the opponent.
At this stage, gaze data is a relatively clear signal, as there is lit-
tle other information available in the form of routes claimed on
the board. As the game progresses, deception through altered
gaze behaviour becomes more difficult, as the accumulation
of claimed routes on the board provides stronger evidence of
intention than gaze behaviour. Claimed routes act as a costly
signal due to the investment of resources involved, and so
where there is a mismatch between routes and gaze (lack of
correspondence, in Levine’s terms [29]), the gaze information
is ignored in favour of the route information.

This study extends prior work (e.g [34, 40]) by demonstrating
that human subjects can make long-term predictions and em-
ploy deception given the ability to visualise gaze for longer
durations. However, players commented that they lacked the
attention and memory capacity to fully utilise the information
that was theoretically available to them through the gaze visu-
alisation. From our human observations, we found that players
in our study ignored large areas of the board (e.g. whole left
side) when they could see that their opponent was not looking
at it. Based on their comments, it is apparent that this ability

to triage the board on a wide scale was a substantial part of the
competitive benefit players derived from gaze visualisation,
comparable at least to the more fine-grained prediction of spe-
cific routes. We believe that future gaze-aware systems can do
the same, by ignoring elements that are irrelevant to minimise
computational cost. Our study also showed gaze enabled play-
ers to make earlier and more accurate predictions, which have
positive implications for automated plan recognition systems
[38]. Researchers have demonstrated that systems that can
predict intentions based on gaze patterns [21], but beyond the
question of how well computer systems can predict human
intentions through gaze, there is the question of whether these
systems could detect deception in human gaze behaviour, and
distinguish “true” intentions from false.

Limitations
Whereas our previous studies have looked at gaze interpreta-
tion by passive observers (spectators) [34], this study involved
gaze interpretation by active players. This allowed players to
forestall their opponents’ plans, potentially changing the out-
come. As a result, a degree of human judgement was necessary
to determine whether predictions were accurate at the time
they were made, as players sometimes had to deviate from
their original plans due to events in the game. Players used a
combination of the gaze visualisation and in-game actions for
their predictions, and we did not discriminate between guesses
that were largely informed by one or the other.

During the study, players were prompted for their predictions
only when they had been silent for a period of time, rather
than at regular intervals; this helped to preserve the natural-
istic flow of gameplay, but meant that prediction intervals
varied between players and rounds. Asking for predictions at
fixed intervals would standardise the results and allow a more
standardised comparison between conditions and players, at
the cost of a somewhat more artificial gameplay experience.
Conversely, our results are subject to the experimental design—
prompting players to make inferences about their opponents’
strategy is likely to have influenced how they reasoned about
the game, to at least a small extent.

CONCLUSION
In a lab study of an online strategy game enhanced with one-
way shared gaze visualisation, we found that players were able
use gaze visualisation to improve their ability to predict an
opponent’s intentions. Players were also able to alter their own
gaze behaviour deliberately to hide their true intentions and
convey false impressions, to a degree. We defined a typology
of gaze-based deception strategies, which reflects the general
theory of deception [5]. However, this deceptive behaviour
required sustained effort, and players could not prevent some
of their intentions from ‘leaking’ to the opponent through
their gaze. Players found this gaze-based deception task to
be challenging and engaging, and we have identified several
avenues that may be fruitful for game design to explore.

ACKNOWLEDGMENTS
We acknowledge the Australian Commonwealth Government
and the Microsoft Research Centre for Social NUI for their
support on this project. We would like to thank our colleagues,
Yomna Abdelrahman and Vassilis Kostakos for their input.

CHI 2018 Paper CHI 2018, April 21–26, 2018, Montréal, QC, Canada

Paper 261 Page 10



REFERENCES
1. Mohamed Abouelenien, Veronica Pérez-Rosas, Rada

Mihalcea, and Mihai Burzo. 2014. Deception Detection
Using a Multimodal Approach. In Proceedings of the
16th International Conference on Multimodal Interaction
(ICMI ’14). ACM, New York, NY, USA, 58–65. DOI:
http://dx.doi.org/10.1145/2663204.2663229

2. Deepak Akkil, Jobin Mathew James, Poika Isokoski, and
Jari Kangas. 2016. GazeTorch: Enabling Gaze Awareness
in Collaborative Physical Tasks. In Proceedings of the
2016 CHI Conference Extended Abstracts on Human
Factors in Computing Systems (CHI EA ’16). ACM, New
York, NY, USA, 1151–1158. DOI:
http://dx.doi.org/10.1145/2851581.2892459

3. Simon Baron-Cohen, Ruth Campbell, Annette
Karmiloff-Smith, Julia Grant, and Jane Walker. 1995. Are
children with autism blind to the mentalistic significance
of the eyes? British Journal of Developmental
Psychology 13, 4 (1995), 379–398. DOI:
http://dx.doi.org/10.1111/j.2044-835X.1995.tb00687.x

4. Whaley Barton. 1982. Toward a general theory of
deception. Journal of Strategic Studies 5, 1 (1982),
178–192. DOI:
http://dx.doi.org/10.1080/01402398208437106

5. John Bowyer Bell and Barton Whaley. 1991. Cheating
and deception. Transaction Publishers.

6. Lindsey Byom and Bilge Mutlu. 2013. Theory of mind:
mechanisms, methods, and new directions. Frontiers in
Human Neuroscience 7 (2013), 413. DOI:
http://dx.doi.org/10.3389/fnhum.2013.00413

7. Andrew J Calder, Andrew D Lawrence, Jill Keane,
Sophie K Scott, Adrian M Owen, Ingrid Christoffels, and
Andrew W Young. 2002. Reading the mind from eye
gaze. Neuropsychologia 40, 8 (2002), 1129 – 1138. DOI:
http://dx.doi.org/10.1016/S0028-3932(02)00008-8

8. Sandra Carberry. 2001. Techniques for Plan Recognition.
User Modeling and User-Adapted Interaction 11, 1 (01
Mar 2001), 31–48. DOI:
http://dx.doi.org/10.1023/A:1011118925938

9. Philip R Cohen, C Raymond Perrault, and James F Allen.
1981. Beyond question answering. Strategies for natural
language processing 245274 (1981).

10. Sarah D’Angelo and Andrew Begel. 2017. Improving
Communication Between Pair Programmers Using
Shared Gaze Awareness. In Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems
(CHI ’17). ACM, New York, NY, USA, 6245–6290. DOI:
http://dx.doi.org/10.1145/3025453.3025573

11. Sarah D’Angelo and Darren Gergle. 2016. Gazed and
Confused: Understanding and Designing Shared Gaze for
Remote Collaboration. In Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems
(CHI ’16). ACM, New York, NY, USA, 2492–2496. DOI:
http://dx.doi.org/10.1145/2858036.2858499

12. Sergey Demyanov, James Bailey, Kotagiri
Ramamohanarao, and Christopher Leckie. 2015.
Detection of Deception in the Mafia Party Game. In
Proceedings of the 2015 ACM on International
Conference on Multimodal Interaction (ICMI ’15). ACM,
New York, NY, USA, 335–342. DOI:
http://dx.doi.org/10.1145/2818346.2820745

13. James F. Dunnigan and Albert A. Nofi. 2001. Victory and
Deceit: Deception and Trickery at War. Writers Club
Press.

14. Shiri Einav and Bruce M Hood. 2008. Tell-tale eyes:
children’s attribution of gaze aversion as a lying cue.
Developmental Psychology 44, 6 (2008), 1655. DOI:
http://dx.doi.org/10.1037/a0013299

15. Paul Ekman and Wallace V. Friesen. 1969. Nonverbal
Leakage and Clues to Deception. Psychiatry 32, 1 (1969),
88–106. DOI:
http://dx.doi.org/10.1080/00332747.1969.11023575

PMID: 27785970.

16. Tom Foulsham and Maria Lock. 2015. How the Eyes Tell
Lies: Social Gaze During a Preference Task. Cognitive
Science 39, 7 (2015), 1704–1726. DOI:
http://dx.doi.org/10.1111/cogs.12211

17. Alejo Freire, Michelle Eskritt, and Kang Lee. 2004. Are
Eyes Windows to a Deceiver’s Soul? Children’s Use of
Another’s Eye Gaze Cues in a Deceptive Situation.
Developmental Psychology 40, 6 (2004), 1093 – 1104.

18. Helen L. Gallagher and Christopher D. Frith. 2003.
Functional imaging of ‘theory of mind’. Trends in
Cognitive Sciences 7, 2 (2003), 77 – 83. DOI:
http://dx.doi.org/10.1016/S1364-6613(02)00025-6

19. Ioannis Giannopoulos, Peter Kiefer, and Martin Raubal.
2012. GeoGazemarks: Providing Gaze History for the
Orientation on Small Display Maps. In Proceedings of
the 14th ACM International Conference on Multimodal
Interaction (ICMI ’12). ACM, New York, NY, USA,
165–172. DOI:
http://dx.doi.org/10.1145/2388676.2388711

20. Matthias S. Gobel, Heejung S. Kim, and Daniel C.
Richardson. 2015. The dual function of social gaze.
Cognition 136, Supplement C (2015), 359 – 364. DOI:
http://dx.doi.org/10.1016/j.cognition.2014.11.040

21. Chien-Ming Huang, Sean Andrist, Allison SauppÃl’, and
Bilge Mutlu. 2015. Using gaze patterns to predict task
intent in collaboration. Frontiers in Psychology 6 (2015),
1049. DOI:http://dx.doi.org/10.3389/fpsyg.2015.01049

22. R Hyman and O Druckman. 1991. A broader concept of
deception. In the mind’s eye: enhancing human
performance (1991).

23. Robert J. K. Jacob. 1990. What You Look at is What You
Get: Eye Movement-based Interaction Techniques. In
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI ’90). ACM, New
York, NY, USA, 11–18. DOI:
http://dx.doi.org/10.1145/97243.97246

CHI 2018 Paper CHI 2018, April 21–26, 2018, Montréal, QC, Canada

Paper 261 Page 11

http://dx.doi.org/10.1145/2663204.2663229
http://dx.doi.org/10.1145/2851581.2892459
http://dx.doi.org/10.1111/j.2044-835X.1995.tb00687.x
http://dx.doi.org/10.1080/01402398208437106
http://dx.doi.org/10.3389/fnhum.2013.00413
http://dx.doi.org/10.1016/S0028-3932(02)00008-8
http://dx.doi.org/10.1023/A:1011118925938
http://dx.doi.org/10.1145/3025453.3025573
http://dx.doi.org/10.1145/2858036.2858499
http://dx.doi.org/10.1145/2818346.2820745
http://dx.doi.org/10.1037/a0013299
http://dx.doi.org/10.1080/00332747.1969.11023575
http://dx.doi.org/10.1111/cogs.12211
http://dx.doi.org/10.1016/S1364-6613(02)00025-6
http://dx.doi.org/10.1145/2388676.2388711
http://dx.doi.org/10.1016/j.cognition.2014.11.040
http://dx.doi.org/10.3389/fpsyg.2015.01049
http://dx.doi.org/10.1145/97243.97246


24. Froduald Kabanza, Philipe Bellefeuille, Francis Bisson,
Abder Rezak Benaskeur, and Hengameh Irandoust. 2010.
Opponent Behaviour Recognition for Real-time Strategy
Games. In Proceedings of the 5th AAAI Conference on
Plan, Activity, and Intent Recognition (AAAIWS’10-05).
AAAI Press, 29–36.
http://dl.acm.org/citation.cfm?id=2908558.2908563

25. Henry A. Kautz and James F. Allen. 1986. Generalized
Plan Recognition. In Proceedings of the Fifth AAAI
National Conference on Artificial Intelligence (AAAI’86).
AAAI Press, 32–37.
http://dl.acm.org/citation.cfm?id=2887770.2887776

26. Adam Kendon. 1967. Some functions of gaze-direction in
social interaction. Acta Psychologica 26 (1967), 22 – 63.
DOI:http://dx.doi.org/10.1016/0001-6918(67)90005-4

27. Michael Lankes, Bernhard Maurer, and Barbara
Stiglbauer. 2016. An Eye for an Eye: Gaze Input in
Competitive Online Games and Its Effects on Social
Presence. In Proceedings of the 13th International
Conference on Advances in Computer Entertainment
Technology (ACE2016). ACM, New York, NY, USA,
Article 17, 9 pages. DOI:
http://dx.doi.org/10.1145/3001773.3001774

28. Alan M Leslie. 1987. Pretense and representation: The
origins of “theory of mind.”. Psychological review 94, 4
(1987), 412.

29. Timothy R. Levine. 2014. Truth-Default Theory (TDT):
A Theory of Human Deception and Deception Detection.
Journal of Language and Social Psychology 33, 4 (2014),
378–392. DOI:
http://dx.doi.org/10.1177/0261927X14535916

30. Jerry Li, Mia Manavalan, Sarah D’Angelo, and Darren
Gergle. 2016. Designing Shared Gaze Awareness for
Remote Collaboration. In Proceedings of the 19th ACM
Conference on Computer Supported Cooperative Work
and Social Computing Companion (CSCW ’16
Companion). ACM, New York, NY, USA, 325–328. DOI:
http://dx.doi.org/10.1145/2818052.2869097

31. Darren Lim. 2007. Taking Students out for a Ride: Using
a Board Game to Teach Graph Theory. In Proceedings of
the 38th SIGCSE Technical Symposium on Computer
Science Education (SIGCSE ’07). ACM, New York, NY,
USA, 367–371. DOI:
http://dx.doi.org/10.1145/1227310.1227439

32. Samantha Mann, Aldert Vrij, Sharon Leal, Pär Anders
Granhag, Lara Warmelink, and Dave Forrester. 2012.
Windows to the Soul? Deliberate Eye Contact as a Cue to
Deceit. Journal of Nonverbal Behavior 36, 3 (2012),
205–215. DOI:
http://dx.doi.org/10.1007/s10919-012-0132-y

33. Bernhard Maurer, Michael Lankes, Barbara Stiglbauer,
and Manfred Tscheligi. 2016. EyeCo: Effects of Shared
Gaze on Social Presence in an Online Cooperative Game.
Springer International Publishing, Cham, 102–114. DOI:
http://dx.doi.org/10.1007/978-3-319-46100-7_9

34. Joshua Newn, Eduardo Velloso, Fraser Allison, Yomna
Abdelrahman, and Frank Vetere. 2017. Evaluating
Real-Time Gaze Representations to Infer Intentions in
Competitive Turn-Based Strategy Games. In Proceedings
of the Annual Symposium on Computer-Human
Interaction in Play (CHI PLAY ’17). ACM, New York,
NY, USA, 541–552. DOI:
http://dx.doi.org/10.1145/3116595.3116624

35. Joshua Newn, Eduardo Velloso, Marcus Carter, and Frank
Vetere. 2016. Exploring the Effects of Gaze Awareness
on Multiplayer Gameplay. In Proceedings of the 2016
Annual Symposium on Computer-Human Interaction in
Play Companion Extended Abstracts (CHI PLAY
Companion ’16). ACM, New York, NY, USA, 239–244.
DOI:http://dx.doi.org/10.1145/2968120.2987740

36. C. J. Van Rijsbergen. 1979. Information Retrieval (2nd
ed.). Butterworth-Heinemann, Newton, MA, USA.

37. Katie Salen and Eric Zimmerman. 2003. Rules of Play:
Game Design Fundamentals. The MIT Press.

38. Gita Sukthankar, Christopher Geib, Hung Hai Bui, David
Pynadath, and Robert P. Goldman. 2014. Plan, Activity,
and Intent Recognition: Theory and Practice (1st ed.).
Morgan Kaufmann Publishers Inc., San Francisco, CA,
USA.

39. Jayson Turner, Eduardo Velloso, Hans Gellersen, and
Veronica Sundstedt. 2014. EyePlay: Applications for
Gaze in Games. In Proceedings of the First ACM SIGCHI
Annual Symposium on Computer-human Interaction in
Play (CHI PLAY ’14). ACM, New York, NY, USA,
465–468. DOI:
http://dx.doi.org/10.1145/2658537.2659016

40. Vincent van Rheden, Bernhard Maurer, Dorothé Smit,
Martin Murer, and Manfred Tscheligi. 2017. LaserViz:
Shared Gaze in the Co-Located Physical World. In
Proceedings of the Eleventh International Conference on
Tangible, Embedded, and Embodied Interaction (TEI ’17).
ACM, New York, NY, USA, 191–196. DOI:
http://dx.doi.org/10.1145/3024969.3025010

41. Eduardo Velloso and Marcus Carter. 2016. The
Emergence of EyePlay: A Survey of Eye Interaction in
Games. In Proceedings of the 2016 Annual Symposium
on Computer-Human Interaction in Play (CHI PLAY ’16).
ACM, New York, NY, USA, 171–185. DOI:
http://dx.doi.org/10.1145/2967934.2968084

42. Douglas Brent West and others. 2001. Introduction to
graph theory. Vol. 2. Prentice hall Upper Saddle River.

CHI 2018 Paper CHI 2018, April 21–26, 2018, Montréal, QC, Canada

Paper 261 Page 12

http://dl.acm.org/citation.cfm?id=2908558.2908563
http://dl.acm.org/citation.cfm?id=2887770.2887776
http://dx.doi.org/10.1016/0001-6918(67)90005-4
http://dx.doi.org/10.1145/3001773.3001774
http://dx.doi.org/10.1177/0261927X14535916
http://dx.doi.org/10.1145/2818052.2869097
http://dx.doi.org/10.1145/1227310.1227439
http://dx.doi.org/10.1007/s10919-012-0132-y
http://dx.doi.org/10.1007/978-3-319-46100-7_9
http://dx.doi.org/10.1145/3116595.3116624
http://dx.doi.org/10.1145/2968120.2987740
http://dx.doi.org/10.1145/2658537.2659016
http://dx.doi.org/10.1145/3024969.3025010
http://dx.doi.org/10.1145/2967934.2968084

	Introduction
	Literature Review
	Gaze and Intention
	Gaze and Deception
	Gaze and Plan Recognition

	Aims
	Study
	Study Conditions
	Condition 1 (Baseline)–No Gaze Visualisation of Players
	Condition 2 (Gaze Viz.)–Gaze Visualisation of Unaware Player
	Condition 3 (Deception)–Gaze Visualisation of Aware Player

	Recruitment
	Experimental Setup
	Procedure
	Measures and Analysis
	Player Self-Assessment and Experience
	Prediction Performance


	Results
	Effect of Gaze Awareness and Deception
	Effect on Player's Self-Perceived Predictive Ability
	Effect on Player's Outcomes and Experience
	Effect on Prediction Performance

	Summary

	Gaze-Based Deception Strategies
	Dissimulation Deception Strategies
	Simulation Deception Strategies

	Discussion
	Limitations

	Conclusion
	Acknowledgments
	References 



