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Abstract

Traditional single player first person shooter (FPS) games adopt a generally linear level design. Players are not given much choice
as to where to go next, and thus it is paramount that the designer is able to keep the player interested throughout the whole level. It
is widely accepted that in order to keep the player’s interest, it is important to offer the player a varied gaming experience by
presenting high interest and low interest encounters in an alternating fashion. However, while there are general theories and rules
of thumb as to how this can be done, there is little formal knowledge about how exactly high or low interest levels can be achieved.
Our goal is to create a better understanding on how to design encounters that affect interest levels in linear FPS games. Specifically,
how exactly a player’s interest levels can be raised intentionally.

To accomplish this, we developed a method for measuring and comparing player interest levels based on electroencephalogram
(EEG) data measured using a “Neurosky Mindset” unit, which is a commercially available EEG device. We measured player EEG
data for the first 4 levels of the FPS game “Call of Duty: Modern Warfare 2” and calculated player interest levels for the entire
length of gameplay. By referring to recorded gameplay videos, we were able to associate each increase in interest levels for each
player to a specific point in game. From this data, we found and isolated points in each level where most players showed a rise in
interest levels, and discovered that certain patterns existed between these situations.

These findings led to another study where we further analyzed these situations and found out what factors caused most players to
show a rise in interest levels. We were able to divide these factors into 6 different categories called Triggers: “Anticipation”,
“Concentration”, “Surprise”, “Frustration”, “Overwhelm” and “Fear”. As these triggers represent mutually exclusive elements that
affect a player’s interest levels, we found that in most situations where many test subjects showed a rise in interest levels, more
than one trigger is present, a phenomenon we call Stacking.

While our study is still ongoing, we believe that by using these triggers as guidelines, game designers will be able to intentionally
plan and control the player’s interest level for FPS games with a certain level of guarantee.
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1. Introduction

The traditional game design process is a “mechanics-centered” design
process. This begins with the designers devising game mechanics
assumed to be “fun” , before proceeding on to developing the game
world and assets to facilitate those mechanics. However, in recent
years, a reversed, “player-centric” design process, which focuses on
designing the player experience first and mechanics after, has become
a popular trend within the industry. Consequently, the science of
understanding player experience has also begun to draw great attention

[121B]:

Professional game designers rely on their years of experience and
expertise to understand and design player experience. But, there is
currently neither a structured methodology that allows them to pass on
or share their know-how with other designers, nor any kind of formal
knowledge readily available for less experienced designers to learn
from, much less how to incorporate it into game design [4][5][10].

With the concept of “player-centric” design become more and more
popular, there is an increasing need to develop a framework that
encompasses both game design and player experience.

2. Player Experience in FPS Games
This paper presents a method of understanding and manipulating

player interest levels within single player first person shooter (FPS)
games. FPS games are a sub-genre of action games, where the player
looks through the eyes of the player character and navigates through a
3D world, fighting other characters using a selection of projectile or
melee weapons.

Most single player FPS games to date adopt a generally linear level
structure, where the player is presented a series of challenges in a fixed
order. As players are not given much choice as to where to go next, it
is entirely up to the designer to create a level that can keep the player
interested all throughout. The general consensus of industry experts is
that in order to keep the player’s interest throughout the game, it is
important to offer the player a varied gaming experience by presenting
high interest and low interest encounters in an alternating fashion.

Our goal is to create a better understanding on how to design
encounters that affect interest levels in linear FPS games. Through the
analysis of interest levels in existing games, we aim to discover what
factors affect interest levels, and to create formalize a taxonomy of
elements that raise or lower interest levels. Our study involves a two
step research approach that allows us to evaluate player interest —
which is normally highly subjective — in an objective manner.

In the first step, we monitored player interest levels by measuring the
player’s electroencephalogram (EEG), or brainwave data during
gameplay and extracting attention level data. \We chose to use attention
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as a measure for interest, as it has been shown that high attention levels
correlate to high interest levels [6]. In the second step, we analyzed the
data collected and investigated where and why player interest levels
rose.

3. Related Works

Two separate fields of research are related to this study. Firstly, studies
that concern the development of frameworks for game design, and
secondly, work focused on gathering biometric data to understand
player experience. Examples of these are described below.

3.1 Previous Efforts in Formalizing Game Design
Many books and articles have been written on game design by
industry experts, which tend to provide general rules of thumb and
common practices when designing games based on the author’s
experience. These texts provide broad, overarching concepts relevant
to game design, but do not provide any deep insight as to how levels
are structured, and how they affect the player.

For example, in their book Feil et. al [7] discuss the importance of
tension in games, and how well paced games employ a reoccurring
structure of tension followed by relaxation to create good gaming
experiences. A lengthy section of the book is dedicated to describing
how aspects of the terrain, such as height and access advantages, can
affect tension, but never defines clearly as to what exactly “tension”
and “relaxation” refer to and how they are affected by the game.

Schell [8] proposes a similar idea called interest curves, where the
designer intentionally manipulates the player’s interest level by
alternating high interest and low interest encounters to create a
wave-like gaming experience (Fig.1) While he goes into detail
regarding the significance of alternating high and low interest
encounters, he does not explain clearly how interest levels can actually
be controlled.
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Fig. 1: Schell’s example of a good interest curve.

Several academic efforts have been made with the goal of creaing a
structural framework for games, with the goal of developing a
formalized method with which scholars and game industry
professionals alike can study and share their knowledge of game
design.
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Milam et. al [9] conducted an experiment where several experienced
game designers were asked to play a selection of FPS games. The
authors interviewed the designers and discussed the elements used in
each game to “push” and “pull” a player through a video game. From
the interviews, they were able to identify five different patterns of push
and pull. Similarly, Hullet et. al [10] evaluated a number of modern
FPS games and proposed a taxonomy of different patterns of level
design present within FPS game levels.

Smith et. al [11] proposed the concept of rhythm groups, which is a
method of analyzing level structure in 2D platform games. A single
section of a game level that requires the player to perform a continuous
set of actions is defined as one rhythm group. Rhythm groups are
separated from each others by breaks, which are safe places the player
can rest without penalty before continuing the level. The authors also
identify several different types of actions which rhythm groups and
categorized them based on their purpose in the level.

Another approach to creating a formal methodology of understanding
and designing games was proposed by Bjork et. al [12] in the form of
game design patterns. The authors devised a method of summarizing
games into “patterns”, which can then be archived and referred to
when needed. The drawback to this method is that the guidelines for
identifying each game’s pattern are loose and subject to personal
opinion, and that the sheer number of available patterns (over 200)
make this method difficult to apply in a practical situaion.

Konzack [4] explored the different aspects of the game Soul Calibur
and was able to divide the game into seven different elements. One of
these categories, Gameplay, is further broken down into 8
sub-categories; Positions, resources, space, time, goals, obstacles,
knowledge and rewards/penalties. A similar study by Consalvo et. al
[5] looked at a simulation game and proposed 4 areas that should be
considered when studying games. Object inventory, interface study,
interaction map and gameplay log. Both these studies focused on the
need of having a method for analyzing games, and provide different
solutions for this. However, the categories defined are vague, and their
application to practical game design is left fairly untouched.
Furthermore, being qualitative studies, the authors provided no real
empirical evidence to support their claims, and it is unclear as to how

they were able to reach their conclusions.

3.2 Using Biometrics for Game Research

Biometric data is now a popular method of understanding player
experience, and a number of related talks have been held at industry
level events [1][2]. These talks share knowledge on how biometric
data is used in game evaluation at game development studios,

The objective nature of biometric data makes this category of research
a suitable approach for empirical studies in player experience. Van den
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Hoogen et. al [13] measured changes in pressure exerted on a gamepad
during racing games, as well as physical controller movement. They
discovered that players would press the controller buttons harder when
mentally aroused, and had a tendency to tilt the controllers in
conjunction with turns and corners on the racetrack.

Kallinen et. al [14] used eye tracking, facial electromyography
(EMG) and self reports to study whether sense of presence in games
changed with the ingame camera view. 50 participants were asked to
play the same 3D game in both third and first person mode. They
discovered that although players felt a greater sense of presence in first
player mode, it also caused them to generate less pleasant responses.
They were also able to deduce that there is no correlation between the
camera mode and eye movement.

Neither Van de Hoogen et. al nor Kallinen showed any intent on
developing a unified theory of game design, but their studies show the
effectiveness of biometric data in understanding player experience.

4. Test Subjects and Environment
We measured the attention levels of 7 healthy adults, all of whom with

previous experience playing FPS games. They were asked to play
through the first 4 levels of the campaign mode of Call of Duty:
Modern Warfare 2 (CoD:MW?2), a recent and popular FPS game.

Tests were conducted inside an isolated cubicle (Fig. 2) to minimize
unwanted external stimuli. Attention levels were measured using a
“Neurosky ~ Mindset”
electroencephalogram (EEG) measuring device. The game was played

unit, a commercially available
on a 24inch widescreen LCD monitor placed at approximately 75cm
from the player’s seat, resulting in a viewing angle of 38 degrees,
which is close to the “THX” standard recommended viewing angle of
36 degrees. Sound was played through the internal speakers of the
Neurosky Mindset, with all volumes at a fixed level. Gameplay videos

were also recorded for later analysis.

Fig 2: Photograph of the test environment.
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5. Methodology

The raw EEG data was converted to attention levels through
Neurosky’s algorithm, which has been shown to be effective in
measuring attention levels [15]. The Mindset samples data at a rate of
512 Hz, and averages the values recorded within each 1 second
interval to an “attention” value between 0-100 on an arbitrary scale. A
value between 0-20 is considered “strongly lowered”, 20-40 is
“reduced”, 40-60 is “neutral”, 60-80 is “slightly elevated” and 80-100
is “elevated”. The algorithm adapts to different users, and all values are
relative to each individual user [16].

Players took different amounts of time to clear the same levels. In
some cases the slowest player spent more than double the time of the
quickest player. Thus, comparing interest levels based on a time scale
would be meaningless. Instead, we compared player data based on
player progression within the map.

Here, we used the concept of “rhythm groups” proposed by Smith et.
al [11] as guideline to break each level down into distinct sections. The
data for every player was also divided in the same way by referring to
the gameplay videos and observing when the player moved to the next
area, thus creating a basis upon which player progression could be
compared. Fig. 3 shows the timeline of a portion of the map
Clifthanger broken down into 11 rhythm groups.
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Fig. 3: Example comparing attention levels between all players for a
portion of the mission Cliffhanger. The map was divided into 11 areas,
separated by the green lines. Circles connected by red lines indicate
points of common high interest (PCHI)

We identified points where each player’s interest levels suddenly rose
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to “slightly elevated” and “elevated” for each rhythm group, and
associated these points with specific moments in-game by referring to
the respective gameplay videos. Points in the game where all players
showed a rise in interest levels were identified and further extracted for
analysis. The linked red circles in Fig. 3 represent such points. \We
chose not to compare cases where players took radically different
actions, for example where some players chose to eliminate a 30
person enemy squadron, while the others avoided it. An example of
this is rhythm group 5 in Fig. 3.

6. Analysis

By comparing data between different players, we were able to reveal
several places within each level where all the players showed
heightened attention levels. An example of this is an encounter at the
end of area 3 in the level “Cliffhanger”. Here, players are required to
infiltrate an enemy base without alerting enemy guards. Early on in the
level, players encounter two enemy guards next to an important
location. If the player had previously alerted other enemy guards, only
one guard is present. In either case, the player approaches the guard(s)
from behind and can easily sneak past them, but all the tested players
choose to kill the unwary guards.
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Fig. 4: Graph comparing attention levels for an encounter in the level

Clifthanger, with the moment of kill in the center. Players approach
and attack a single enemy guard from behind, unnoticed.

A sudden spike in interest levels was observed in all players as they
aimed carefully at the motionless guards, in order to kill them as
quickly as possible to prevent them calling for help. Fig. 4 shows the
attention levels of all 4 players during this encounter, from 30 seconds
before until 30 seconds after the first guard is killed. A spike in
attention levels is clearly seen in the center of the graph, which
corresponds to the moment that the first guard is taken down. The
same phenomenon was not observed for most of the other, countless
kills during this level, suggesting that there is something specific here
which is causing a rise in attention levels.

As previously mentioned, attention and interest have been shown to be
strongly correlated, and thus in our study we considered the attention
levels measured by the neurosky mindset to be directly translatable to
player interest levels.

Since all players reacted in the same way during these points of
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common high interest (PCHI), we can deduce that further analysis of
these points will likely reveal how certain specific encounters and
game elements are able to cause high attention, and thus interest levels.
We were able to identify multiple PCHI per level for analysis. Table 1
shows the number of rhythm groups and PCHI fore each of the levels
analyzed.

Table 1. Number of points of common interest (PCHI) identified

Level Level name Rhythm Number of
Number Groups PCHI
1 SSSD 8 8
2 Team Player 13 11
3 Cliffhanger 11 13
4 No Russian 8 9

7. Six Triggers of Player Interest

Through analyzing PCHI, we were able to identify six different
elements, or “Triggers” that appear to cause player interest levels to
rise.  These triggers were divided into groups based on the
cause-effect relationship between the game environment and the
player’s actions. In particular, the risk and reward involved in
overcoming a situation that the game imposes upon the player.

The different triggers are explained in detail below.

7.1 Anticipation:

Description:

The player waits for a both predicted and favorable event to occur.
Interest levels rise during the time lag between when the player
engages the situation and the moment of resolution.

Examples:

When thrown, grenades in CoD:MW?2 explode after a few seconds and
damage all enemies within a certain radius. In the mission SSSD,
players are required at one point to throw a grenade at a dummy target
as part of the gameplay tutorial. All test subjects showed a rise in
interest levels when they waited for the thrown grenade to
explode(Fig.5).

Another example is in the mission Cliffhanger, when players are
required to detonate explosives using a detonator. The player is given
an audio countdown to the detonation, during which all test subjects
showed a rise in interest levels.
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Fig. 5: Comparison of interest levels of a sample of 3 players at above
mentioned event for All players showed a rise in interest levels from
between throwing the grenade (yellow line) and detonation (red line).

Other characteristics:

Our observations showed that interest levels are elevated only until the
moment of the anticipated event. Once the event has passed, interest
levels drop almost immediately. We also noticed that the magnitude of
the effect of the player’s actions possibly has a correlation to the
player’s interest levels. For example, throwing a grenade at a single
target dummy caused a rise in the test subjects’ interest levels, while
throwing a grenade at one enemy while being surrounded by several
did not.

7.2 Surprise

Description:

The player’s situation changes suddenly and dramatically, and the
player is forced to adapt in a short time.

Examples:

In the mission No Russian, players begin the level by walking out of an
elevator with several friendly NPCs into an airport lobby populated
with neutral NPCs The player is able to move but unable to shoot.
Several seconds after exiting the elevator, all friendly NPCs suddenly
begin shooting at neutral NPCs, who begin running in all directions.
Alarms sound and screaming is heard and test subjects displayed a rise
in attention levels.(Fig. 6)
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Fig. 6: Comparison of interest levels of a sample of 3 players at above
mentioned event. All players show a rise in interest levels after friendly

NPCs begin attacking neutral NPC:s.

The mission Team Player begins suddenly with the player on lying on
the ground, unable to move. Enemies are shooting at the player from
across a river. A friendly NPC comes and helps the player get up, after
which the player is then given control of the player character. All test
subjects showed a rise in interest levels from the start of the mission
until several seconds after control is regained.

Other characteristics:

In all recorded instances of surprise, the test subjects’ interest levels
rose very fast (within 1 second) of the trigger initiating, and then
slowly dropped over the course of several seconds. \We noticed a
possible inverse correlation between the duration of heightened interest
level and the player’s skill or experience with FPS games (which we
confirmed verbally). However, at the time of the experiment we were
unable to objectively measure the player’s skill level, and thus unable
to confirm this hypothesis. The significance of the duration of
heightened interest is also unknown.

7.3 Concentration

Description:

The player focuses on completing a certain task at hand. The task
cannot be immediately overcome, but has a clear goal and an apparent
method of achieving it.

Examples:

CoD:MW?2 offers an alternative shooting mode which allows players
to aim down the sights of their gun, zooming in on the target and
increasing accuracy at the cost of mobility. In almost all cases where it
was necessary to use this mode, players did so and showed a rise in
interest levels.
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For example, players are presented with a situation where they are
required to defeat several enemies hidden behind a short barricade in
the mission Team Player. While the barricade blocks the player’s
bullets, it is only knee-high and so the enemies are partially exposed,
but the player needs to aim carefully to hit the enemies. When players
did so, a rise in interest levels was recorded.

A different kind of example is towards the end of the mission
Clifthanger. Here, players ride a high speed snowmobile down a snow
mountain. One part of the course takes the players through an area
scattered with obstacles (trees). The snowmobile moves very fast, and
players have to concentrate and react quickly to avoid bumping into
the trees. Test subjects showed raised interest levels during this portion
of the course.
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Fig. 7: Comparison of interest levels of a sample of 3 players at above
mentioned event. All players showed arise in interest levels when they
engage the enemies (red line).

Other characteristics:

Concentration was the most commonly observed trigger, appearing in
an average of 65% of all PCHI recorded. The duration of heightened
interest levels in players during cases of concentration were also
generally longer than other triggers. This can be associated with the
fact that the concentration trigger by definition requires the player to
engage in some kind of continuous task, as opposed with other triggers
such as anticipation and surprise where players are reacting to a
momentary event.

7.4 Frustration
Description: When the outcome of the player’s actions is different

from what the player expects.

Examples: The mission SSSD includes a trial run phase where players
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have to move through a training course and shoot dummies that appear
as quickly as they can. Some of the dummies are “civilian” dummies,
which players are penalized for shooting, but the player is not notified
of their presence until one is shot. All test subjects showed a rise in
interest levels when this happened.

Partway through the mission No Russian, players are presented with a
type of enemy that is protected by an impenetrable handheld shield.
The shield is large enough to cover the enemy’s whole body, and the
player must attack from the side or from behind in order to kill the
enemy. However, when this enemy first appears, all test subjects
attempted to kill it from the front by shooting the shield. Naturally, the
enemies could not be defeated, and the test subjects soon changed
strategies. Until then, however, test subjects all showed heightened
levels of interest.

One common example occurs when players are required to reload in
the midst of a firefight with enemies, such as in Fig. 8.
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Fig. 8: Comparison of interest levels of a sample of 3 players required
to reload during the same firefight. All players showed a rise in interest
levels for the duration of the reloading animation (red area).

Other characteristics:

Like concentration, heightened interest levels due to frustration last
longer than for surprise and anticipation. Cases of frustration tend to
occur when the player is given a task with special requirements, such
as the examples listed above. Naturally, this causes the player to take a
longer time to complete the task, hence leading to a longer duration of
heightened interest.

7.5 Fear
Description:
The player is given indication of impending failure, or when failure
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becomes inevitable.

Examples:

In all cases where the player character receives a large amount of
damage and is close to dying, test subjects showed an instant rise in
interest levels, such as in Fig. 10. Most of these situations occurred as a
result of emergence in game rather than a predesigned event.

However, intentional cases of the fear trigger also exist, such as in the
level Cliffhanger. One part of the starting area requires the player to
jump across a chasm high up on a cliff, which triggers a scripted
(predesigned) real time event where the player character slips and
almost falls off, before being rescued by an NPC character. All test
subjects showed a rise in attention levels from when the slip occurs
until the NPC is able to rescue the player character.
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Fig. 9: Comparison of interest levels of a sample of 3 players receiving
a large (near fatal) amount of damage during the same event. All
players showed a rise in interest levels upon receiving the damage (red
line)

Other characteristics:

Similar to concentration and frustration, fear often triggers a somewnhat
lengthy period of heightened interest levels. This is because most
situations of fear are caused by the player character being low on
health. The player health system in CoD:MW2 is designed such that
health regenerates over time, during which he fear trigger remains
active.

7.6 Overwhelm
Description: When the player is given a challenge greater than
expected or able to handle.
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Examples:

In the mission No Russian, shortly after the first set of shielded
enemies appears, a second set of the same type of enemy emerges.
This type of enemy takes longer to kill than the usual, unshielded
enemies, and as a result by the time the second set of shielded enemies
arrives, all test subjects were still engaged with the first set. Here, all
test subjects showed a rise in interest levels and retreated to a sheltered
area.

Another example is when the players enter an area where enemies
endlessly reappear immediately after being killed. Here, the player
eventually understands the situation and is forced to escape. During the
escape period, players showed heightened interest levels(Fig. 10)
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Fig. 10: Comparison of interest levels of a sample of 3 players
escaping from endlessly respawning enemies. All players showed a
rise in interest levels while escaping (red area).

Other characteristics:

While overwhelm may seem similar to a previous trigger, fear, they
differ in that overwhelm has only a possibility of failure if the player
stays in the same state or position. In such situations players react
cautiously, and may, for example, fear death and choose to find cover
before they are damaged. Fear, on the other hand, represents cases
where the player is faced with an immediate threat, with failure being
imminent unless immediate action is taken.

8. Trigger Stacking

As these triggers are mutually exclusive to each other in concept, it is
possible to have several triggers occur in the same situation. We called
this phenomenon “stacking”. 29 out of the 40 total PCHI we studied
were composed of more than one trigger. This can be seen in Table 2,

where the combined values exceed the total number of PCHI observed.

Stacking occurs in two different ways; simultaneous stacking and
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consecutive stacking.

Table 2. Number of times each trigger was observed in each level

Level | paion | S5 | paon | aion | P | el
5 3 5 2] o 0

2 4 4 8 3] 5 1
3 8 2 6 1NE 1
4 2 1 7 A 2

8.1 Simultaneous Stacking:

Simultaneous stacking is when two or more triggers are presented to
the player at the same time. As a result, the rise in player interest levels
in this case can be attributed to more than one trigger. For example, the
scenario described above in the level No Russian where players are
confronted with shielded enemies contains both frustration and
concentration. The player is frustrated as the enemies are not killable
by simply shooting them from the front, and at the same time
concentrates on trying to move to a position from where they can
damage the enemies.

The scenario in Cliffhanger where players approach an enemy guard
from behind presents the player with both anticipation and
concentration. Players anticipate the enemy’s death as they sneak up
quietly behind it knowing it cannot fight back, but at the same time
concentrate on aiming carefully to ensure a quick and instant kill.

The most common combinations of simultaneous stacking observed
include anticipation with concentration, which occurred for a total of
10 times throughout the 4 missions tested.

Our data showed that simultaneous stacking did not have a significant
effect on the magnitude of the test subjects’ rise in interest levels.
Player interest levels for situations where more 3 or 4 different triggers
were stacking simultaneously did not differ from situations where only
1 trigger was present.

8.2 Consecutive Stacking:
Consecutive stacking is when multiple triggers are presented to the
player one after another, each before the player’s interest levels have
recovered from the previous trigger.

For example, in the mission Team Player, the player is rides a jeep
through a suburban area. At one point, an explosion occurs and the
player is thrown off the jeep and onto the ground. For the next few
seconds, the player is able to look around using the mouse but unable
to move. During this time, a number of enemies surround and shoot
the player to low health, after which the player regains full control of
the player character. Surprise, frustration, fear and overwhelm are
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stacked here, in this order. Surprise occurs when the player is thrown
off the jeep, frustration when the player realizes that control over the
player character has been lost, fear when the player receives damage,
and overwhelm when the player regains control but does not have
enough health to engage all the enemies present.

Consecutive stacking is was less common than simultaneous stacking
in our experiment, with a total of only 6 attributed PCHI as opposed to
24 for simultaneous stacking.

9. Conclusion

In this study, we measured and recorded player EEG data while they
played FPS games, from which we were able to extract the player’s
interest level data. We identified points in-game where all test subjects
showed a rise in interest levels (PCHI), which we further analyzed. We
were able to categorize all the PCHI into six categories, or “triggers”
which appear to be the cause of the test subjects’ rise in interest levels.

While our study is still ongoing, we believe that by using these triggers
as guidelines, designers will be able to intentionally plan and control
the player’s interest level for FPS games with a certain level of
guarantee. Furthermore, triggers can be used as a standardized format
of analyzing and discussing games, providing a first step in the
development of a formalized framework for understanding game
design.

To test the validity of our triggers, we are in the process of designing a
map using these six triggers, and plan to conduct play tests to see
whether player interest levels respond as expected. Furthermore, we
plan to investigate the effect triggers have on player opinion and
evaluation of FPS games through self reports and surveys.

Naturally, as our study focused only on single player linear FPS games,
it is likely that different triggers exist for multiplayer games as well as
games of different genres. We hope that our study can act as a base
which future studies can develop on, perhaps eventually leading to a
unified theory of user experience and game design.
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