
gamer skill prediction using
gaze tracking

jonathan perry

undergraduate honours thesis
ontario tech university – faculty of science

computer science
April 2020

supervisors:
christopher collins

faisal qureshi



A B S T R A C T

Classifying skill level of an individual for different tasks has been accom-
plished to different levels of accuracy. This paper explores different machine
learning techniques in an attempt to classify the skill level of an individual
in a highly complex task. Eye tracking of individuals was used to collect eye
gaze data during the task of playing a game of Dota 2. A classifier was not
successfully produced but there is reason to believe that it is possible.
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1 I N T R O D U C T I O N

1.1 motivation
Evaluation of an individual’s proficiency in a complex task can take

a significant amount of time and data accumulation before being able
to provide a skill determination for that individual. Many popular
online multiplayer team games (e.g. Overwatch, League of Legends,
and Dota 2) require a set amount of games played to calibrate an indi-
vidual player’s skill level. Based on skill level, the player can then be
placed among players of approximately the same skill level to ensure
that games are balanced to prevent one team from overrunning the
other. However, accurately determining proficient individuals who
are on brand new, uncalibrated accounts, is still an ongoing prob-
lem [11].

1.2 problem statement
Is it possible to use eye gaze data of an individual to determine

their skill level in a complex task? If possible, skill verification could
be done through eye gaze alone, detection of expert players would
take less time, and eye gaze could be used to detect novice players
and focus their gaze. A novel approach to attempt and quickly de-
termine a player’s Dota 2 proficiency, based on eye gaze data alone,
will be examined and expanded upon. The ultimate goal is to create
a model that can predict a player’s Dota 2 skill level from eye gaze
data. Dota 2 was the game chosen to study this problem because of
its overwhelming complexity.

1.2.1 The Complexity of Dota 2

As mentioned previously, Dota 2 is an online multiplayer game. It
is a game between two teams with five individual players per team.
Dota 2 requires raw mechanical skill, extensive game knowledge, and
team coordination. A typical game of Dota 2 takes between 20 and 40

minutes to play on average and is an extremely complex task with no
two games played being identical. A player has approximately 1000

possible actions that can be made at every tick of gameplay compared
to roughly 35 for chess [9]. There are numerous reasons why Dota 2 is
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1.2 problem statement 2

complex, but some simple calculations can be done based on central
components of the game to give a vague intuition into the complexity
of it.

Each player in each game picks and plays one of 119 playable heroes
and no hero can be represented twice in a game i.e. there are 10

unique heroes played in a game. Most heroes in the game have 4

abilities, some have 5, and one hero has 10. Each ability does some-
thing different and unique. Depending on which abilities are used,
the interaction between abilities is either entirely existent, partially
existent, or non-existent. Skilled players will pick their hero based on
its abilities and how they complement their teammates’ heroes’ abili-
ties, negate enemy heroes’ abilities, or both.

Assuming just the lower limit of 4 abilities per hero, 119 heroes
provide a total of 476 distinct abilities. The number of couplings of
different abilities — using 2 distinct abilities with each other — can
be calculated using the binomial coefficient formula n!

k!(n-k)! where n

is the number of distinct abilities (476) and k is the number of differ-
ent abilities being used (2). The number of combinations is 113,050.
However, the order in which abilities are used in game matters so
the permutation of two different abilities can be calculated with the
formula n!

(n-k)! which calculates to 226,100 permutations. However,
within each game, assuming only 4 abilities per hero, there are only
40 abilities that can be used. With only 40 abilities available, increas-
ing the number of abilities used to a nominal 3, there are 59,280 per-
mutations possible.

In addition to abilities, there are also items that players can pur-
chase with in-game gold earned. There are currently 159 items avail-
able every game once enough gold is earned. Similar to abilities, the
interaction between these items is entirely existent, partially existent,
or non-existent. Not only can items interact with other items, but
they can also interact with hero abilities. Hero abilities can also inter-
act with items. The permutations possible between all abilities and all
items is astronomical.

Dota 2 is not limited to the interactions between abilities and items,
but the numbers in a static context provide insight into the level of
complexity. Complexity also comes from interacting with other play-
ers in the game. Dota 2 is a fluid game where each player consistently
makes decisions based on the current state of game being played to de-
termine what their next move is, their team’s next move, and their op-
ponent’s next move. These decisions are dependent on many things,
but centrally: the heroes on a player’s team, what heroes are on the



1.2 problem statement 3

Figure 1: Dota 2 Highlighted User Interface Elements

enemy team, and what items each player has. Generally, the first 500

to 1000 hours of gameplay people are just beginning to have a solid
grasp of the foundations and touching on the intricacies of the game.

1.2.2 Why it Could Work - A Hypothesis

Figure 1 shows a screenshot of gameplay as well as highlights, in
red boxes, elements of the game’s user interface. The elements high-
lighted are always visible and they are always in the same spot –
they are static. However, what information is contained within them
changes depending on the state of the game as well as decisions made
by the player. An abundance of information can be gathered from
these static elements about the current state of a game. From gaze
alone, an experienced player could give a general overview of the cur-
rent state of a game from a simple screenshot of an ongoing game.
While playing the game, players can use these static elements to de-
termine their next move.

For example, the in-game clock consistently ticks every second and
keeps track how much time has elapsed so far. The clock can be
used to help a player keep track of time related events in game such
as: stacking jungle camps every minute, power runes spawning ev-
ery two minutes (starting four minutes into the game), bounty runes
spawning every five minutes (starting at zero minutes in), the time
range which Roshan can spawn again, and protecting or taking out-
posts every ten minutes. It is likely that the previous sentence listed
jargon that you cannot make sense of. This exemplifies the informa-
tion provided by in-game static user interface elements. A novice
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