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Abstract:

Affective games conventionally detect
emotional states through physiological
signals. However, this poses the issue of
obtrusive data collection and the require-
ment for specialized sensors. Researchers
have thus looked into other types of
feedback, with a promising metric being
the pressure exerted on an input device,
which relates to emotional arousal. De-
spite this, no related work has attempted
the implementation of such feedback yet.
To explore the gap in the research, this
project investigates the possibility of inte-
grating pressure as feedback in an affec-
tive game. The game performs Dynamic
Dif culty Adjustment (DDA) - i.e. contin-
uously adjusts the dif culty to t the indi-
vidual player. Two DDA systems are de-
veloped, one being based on in-game per-
formance and the other being based on ex-
erted pressure.

From an evaluation of the two DDA sys-
tems and a game version with no DDA,
it can be concluded that pressure-based
DDA resulted in a more optimal game
dif culty compared to no DDA. However,
pressure-based DDA did not perform bet-
ter than the other game versions in rela-
tion to the subjective player experience.
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Introduction

In the latest years, the global game market has seen a tremendous growth in rev-
enue and public interest [50]. Technological advancements have allowed for games
to become increasingly more complex and re ned, both in a gameplay and graph-
ical sense [9]. However, as graphical improvements are reaching a plateau [8], new
manners of creating novel gameplay are being explored.

An increasingly active topic in the research community [30] is the topic of "affective
gaming" - a concept in which a game can detect and adapt to the emotional state of
the user to deliver a better gaming experience. While different implementations of
and arguments for affective games have been made, there are still some problems
that have yet to be tackled. One such problem is the obtrusiveness of the data col-
lection, especially in cases where physiological data is required, as obtrusive data
collection can interfere with the immersion and emotional state of the player [28].

With this in mind, the project has been set up to explore how to overcome this issue.
One possible solution could be to use indirect feedback - i.e. to infer the player's
emotions from their behavior rather than measuring physiological signals with
obtrusive sensors. While different types of indirect feedback have been explored,
one seemingly promising metric is the exerted pressure on an input device, which
has been shown to correlate with arousal in several cases. An increase in game
dif culty, which has likewise been shown to correlate with arousal, resulted in
increased pressure levels [20, 45, 47]. Furthermore, according to the theory of
ow [10], a proper balance between skill and challenge invokes a state of ow in
the player, while too big a challenge causes frustration, and too small a challenge
causes boredom.

From this, it can be argued that adapting the game dif culty according to the
pressure - which has been linked with both emotional arousal and perceived game
dif culty - could increase the amount of time the player spends in a ow state,
and as an extension of this, create a more enjoyable game experience. Despite
this, there is a lack of research on the issue of integrating indirect feedback in an
affective game as opposed to direct feedback [30]. Thus, the focus of the project is
to integrate and test indirect feedback for an affective game.
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This has lead to the following initial research problem:

How does adapting the game dif culty based on input pressure impact the
player experience?

For the remainder of this thesis, research questions are rst set up based on the
initial research problem and answered through an analysis of existing background
literature on the subject. After this, a nal research problem is formulated to form
the basis of an implementation and evaluation of a game which uses pressure as an
indirect feedback to adapt the gameplay. The implementation consists of the de-
velopment of a custom pressure reader to collect pressure data and a brick-breaker
game. Three versions of the game are created, one performing pressure-based
Dynamic Dif culty Adjustment (DDA), another performing in-game performance-
based DDA, and the third performing no DDA. These three versions are then eval-
uated against one another, and the results of the evaluation are discussed in terms
of indications and limitations, and nally, the project can be concluded upon.



Background

The following sections will present and analyze previous work related to the topic
of this paper. To establish a thorough background research, a set of research ques-
tions have been formulated to be answered throughout this chapter:

1.
2.
3

4.
5.

2.1

How can you measure game experiences?

What is an affective game, and what does it involve?

. How do you measure emotions?

How have affective games been implemented in related work?

How does exerted pressure on an input device relate to the game experience?

Game experience

One of the core arguments for affective games is to deliver a better game experience
by improving the gameplay and interaction between player and computer [8, 30].
Throughout the years, different methods for measuring the game experience have
been presented. Some studies discuss the game experience in relation to the theory
of ow by Csikszentmihalyi [10]. The theory describes how a proper balance of
challenge and skill should bring people into a state of ow, in which they are
absorbed in their activities, as illustrated in Figure 2.1. A too high level of challenge
compared to the level of skill causes anxiety or frustration, and the opposite case
causes boredom.



4 Chapter 2. Background

Figure 2.1: The theory of ow illustrated.

This connection between challenge and skill is why affective games tend to focus
on arousal and game dif culty (explained more in detail in  2.3.1 Affective gamés
In theory, too high levels of arousal (anxiety or frustration) calls for a decrease
in dif culty, and too low levels of arousal (boredom) calls for an increase - thus
remaining within the ow channel for an optimal experience. The balancing of
the amount of challenge has to be continuous, as the player's skill levels should
naturally increase as they continue playing.

Aside from the theory of ow, studies also use self reports as a method of mea-
suring the game experience. While different types of self reports exist, a popular
tool is self report questionnaires, as questionnaire data is often faster to gather and
analyze.

One such questionnaire is the Self-Assessment Manikin (SAM) developed in 1994
[6]. The original version of SAM measures valence, arousal and dominance, each
on a 5-point scale with an accompanying illustration. The participant marks the
illustration they nd most tting to their current state in each of the three scales.
Although it was originally not developed to measure game experience, it has suc-
cessfully been used to measure the emotional state of players after a gaming session
in several cases [7, 19, 20, 47].

Another relatively popular questionnaire in the literature is the Game Experience
Questionnaire (GEQ) developed in 2013 [22]. It consists of several modules for
measuring game experience aspects during and after playing a game. In each mod-
ule, the participant is presented with different statements, where they can mark
their level of agreement to each statement on a 7-point Likert scale. The core mod-
ule of the questionnaire splits player experience into seven different aspects: Com-
petence, Sensory and Imaginative Immersion, Flow, Tension/Annoyance, Chal-
lenge, Negative Affect and Positive Affect. Although this questionnaire is relatively
new, it has already been used in several studies [20, 37, 46].
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Each of the questionnaires have their strengths and weaknesses, and it should be
noted that they do not set out to measure the same thing. While SAM is used to
measure the general affective state of the player in terms of affective dimensions,
GEQ measures their game experience in different categories or aspects. This may
also be a reason for using both questionnaires rather than only one [20]. Common
to both questionnaires is that due to the re ective and often retrospective nature of
self reports, they have not been used as feedback in affective games, but rather as
a tool to analyze and validate data post gaming session.

2.2 Aective computing and a ective games

The notion of affective computing and affective gaming has been around for sev-
eral years. Affective computing was originally de ned as "computing that relates
to, arises from, or deliberately in uences emotions" [40], and it was proposed that
giving computers emotional intelligence would improve and rede ne the interac-
tions between humans and computers. Extensive research has since been done on
the subject of affective computing in various contexts, and it continues to grow as
a multidisciplinary research area [11].

One of the branches of affective computing concerns itself with how video games
can be designed and implemented to react to the emotional state of the user. This is
called affective gaming, and has previously been described as gameplay "where the
player's current emotional state is used to manipulate gameplay" [25], or as "games
in which the players' behavior directly affects the game objectives and gameplay"
[29]. Previous work on the subject has accomplished this in various game genres
using various input modalities to measure the emotions of the player.

Affective games implement the affective loop, which is a concept in which the
interaction between player and computer becomes two-way; the affective state of
the player causes some changes in the game, which in turn then affects the player
[30]. Figure 2.2 illustrates this loop.

Figure 2.2: The affective loop.
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As for how the system detects the player's affective state, Lara-Cabrera & Cama-
cho argues that the kind of feedback used to adapt affective games can either be
direct or indirect [30]. They describe direct feedback as the gathering and anal-
ysis of physiological reactions, as emotions have previously been shown to cause
various physiological effects (more on this in 2.2.1 Measuring emotions The down-
side of direct feedback is the necessary monitoring hardware sensors, which can
be uncomfortable or distracting to the player and thus potentially in uence their
affective state.

Indirect feedback attempts to overcome this shortcoming by inferring the affective
state of the player without physiological data. This could for example include es-
timating emotions through the pressure applied to buttons on the input device, or
building an emotional model of the player through the analysis of their in-game
behavior. However, the downside of indirect feedback is that correctly de ning and
analyzing the gathered data can be time-consuming and not necessarily as precise
as physiological signals.

2.2.1 Measuring emotions

For a computer to be able to respond to emotions, it requires the ability measure
the emotional state of the user. However, emotions do not have a clear de nition,
and as a result, different models for categorizing or labeling emotions have been
proposed throughout the years. Such models typically map emotions according to
categories or in relation to dimensions [43]. As related work on affective gaming
typically discusses the player's emotions in relation to dimensions of arousal or
valence, a relevant emotion model is the two-dimensional circumplex model of
affect created by Russell [42]. This model can be seen in Figure 2.3.

Figure 2.3: The circumplex model of affect created by Russell [42]. The vertical axis is the level of
arousal (high/low), and the horizontal axis is the valence (negative/positive).
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Previous work has looked into various modalities and how they relate to aspects
of a person's emotional state during a gaming session. These different modalities
can generally be split into physiological, behavioral and "self report" approaches.
The physiological approach uses specialized sensors to measure various physio-
logical signals. These signal can be used to assess the level of arousal, as arousal
levels are controlled by the autonomic nervous system [24]. Some of the most com-
monly used signals in relation to affective games are the galvanic skin response
(GSR) and heart activity (such as blood volume pulse or heart rate), which have
both been shown to correlate with aspects that are related to arousal such as stress,
anxiety or perceived game dif culty [12, 26, 27, 31, 36]. As for valence, it has pre-
viously been shown that emotions can be inferred through the analysis of facial
microexpressions [15]. Facial electromyography measures the electrical activity of
muscles in the face, and this approach has successfully been linked to the valence
of the emotions that players have felt during gaming sessions [17, 31, 37]. Some
studies have also discussed the applicability of respiration rate and skin tempera-
ture as indicators of the player's game experience and emotions [7, 41], although
these modalities are less featured in the literature than the aforementioned.

The behavioral approach is indirect, as it involves inferring emotions from certain
behaviors. Examples of such behaviors include body posture [8, 20], vocal charac-
teristics [8, 34], facial expressions in image sequences or videos [53] or the pressure
exerted on the buttons of an input device. The latter will be explained more in
detail in 2.3.2 Measuring pressure in a gaming context

Finally, the self report approach entails measuring emotion or experiences through
some form of subjective self assessment [34]. This could for example include think-
ing aloud while playing, reviewing footage of the gaming session retrospectively,
performing an interview or lling out a questionnaire. It should be noted that self
reports are retrospective rather than real-time (as opposed to physiological and
some behavioral modalities), and think-aloud could potentially be disturbing the
player's experience [17, 32]. While this would make self reports mainly unt as
direct input in an affective game, self reports can still be useful for determining the
player's emotions and experiences with the game post gaming session, and this
can be used to triangulate and verify the data or results obtained in experiments
[39, 46, 48].

2.3 Related work

In the following subsections some of the previous work that has been done related
to affective gaming will be presented and analyzed. The related work covers the
implementation and evaluation of various affective games, as well as the evaluation
and discussion of button pressure levels as an affective metric in a gaming context.
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2.3.1 A ective games

While research has been done on how various modalities can be used to infer player
experience, it would seem that there's a relative lack of research that discusses how
to actually implement a game that uses these modalities in an affective loop. A
literature review on adaption in affective video games found that setting a few
criteria for paper selection, most notably requiring the presentation of a video
game adapted by affect-based techniques, narrowed down their collected articles
from an initial 300 to 14 suitable studies [5]. For this subsection, we have selected
8 studies that present their approach to implementing an affect loop in a video
game. Table 2.1 gives an overview of the modalities, types of games and adaptive
components that the studies have used.

Table 2.1: Overview of implemented affective games and their modalities.

Modality Game Adaptive components  Source

HR Custom shooter Dif culty, story, music [33]

GSR Custom racing game Avatar speed [4]
Dif culty (paddle size,

HR, GSR Pong o~ [13]
Audio-visual effects,

HR, GSR Half-Life 2 (FPS) various gameplay [12]
components

Facial expression  Tetris Dif CUIFy (speed of [52]
tetrominoes)

RESP Pacman", 'Bubble Sh"ooter, Various gameplay (55]

custom "tilt to move" game components

RESP, ECG, TEMP, Custom 2D side- scrolling  Various gameplay [38]

GSR, EMG, Gaze shooter components

ICG, ECG, BVP, Pong, custom anagram-

EMG, GSR, TEMP, g g Dif culty [31]

solving game
Heart sound 99

Abbreviations used: BVP = blood volume pulse, ECG = electrocardiography, EMG = electromyo-
graphy, GSR = galvanic skin response, HR = heart rate, ICG = impedance cardiography, RESP =
respiration, TEMP = temperature

The rst thing to note is that the modalities that are used to adapt the games
mainly fall in the physiology category, with the main signals used being heart rate
(HR) and GSR. This relates well to the previously stated fact that HR and GSR have
been found to relate to arousal, which again is linked to the perceived dif culty
of the game (see2.2.1 Measuring emotions The arguments for using physiological
modalities mainly consist of the research that has previously been done on the link
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between in-game events and physiological responses [4, 13, 31].

However, one paper notes that their test participants found the physiological sen-
sors to be distracting [12], and another paper chose to analyze facial expressions
for the exact reason that no sensors needed to be in contact with the player [52].
It was also found that GSR may not be suitable for short, fast-paced gaming ses-
sions [13], possibly because of a lack of signi cant change in the tonic response
(the long-term component of a GSR signal).

The second thing to note is that although the papers use a wide array of games,
they tend to stick to certain genres. All but one papers use either a shooting game
or a remake of a classic arcade game. The arguments for choosing these genres
tend to include having a variety of parameters to tweak [12, 33, 38] and the fast
pace or stress-inducing nature of the gameplay [4, 31, 33, 55].

One paper tested an affective version of a game they classify as a horror FPS. They
made the observation that those test participants who were unfamiliar with the
FPS genre were also less engaged with the environment [12]. Furthermore, the
test participants who noted that they did not enjoy the horror genre preferred the
non-affective version over the affective version. This underlines the importance of
using a game genre that is universal and easy to get into, so as to avoid alienating
the players.

The third thing to note is that half of the papers concern themselves with adjust-
ing the dif culty of the game dynamically to suit the player. This concept, called
Dynamic Dif culty Adjustment (DDA), is meant to improve the gaming experi-
ence by ensuring that the game is at an appropriate dif culty level according to
the individual player [14]. Maintaining this balance between challenge and skill
evokes a state of ow where the player would neither be bored nor frustrated [10].
One paper also argues that an adaptive game dif culty can be blended in within
the context of the game more easily than changing e.g. the virtual surroundings
directly, so as to not disrupt the immersion of the player [33].

Finally, while the papers generally agree that affective gaming has potential, some
also make some remarks about the actual applicability of affective games. One
argues that while new forms of interaction in games may be more immersive,
traditional interaction may be superior in terms of user preference or performance
[38]. Another paper also noted that while their affective game had improved the
user experience, it did not seem to improve the user performance [13].

Two of the papers that concern themselves with DDA furthermore comment that
combining both in-game performance and affective metrics may be more optimal
for making just decisions in changing game parameters than opting for only one
of the two [31, 52].
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2.3.2 Measuring pressure in a gaming context

As evident from the previous subsection, physiological modalities are prevalent in
affective games; affective games with indirect feedback as opposed to direct feed-
back are a minority within the eld. Furthermore, to our knowledge, no affective
game has been implemented that relies on covert pressure on an input device to
infer emotions and adapt the gameplay. This is despite the fact that studies that
have explored pressure as an evaluation metric for game experience consider it to
be a promising metric [23, 35]. In our own previous work on the subject, it was
even concluded that in a test setup with two rounds of 5-minute gaming sessions,
pressure was better at indicating arousal as opposed to HR and GSR [49].

The correlation between pressure exerted on an input device and the level of
arousal has been discussed in multiple instances. Van den Hoogen et al. did
a study in which they found a strong correlation between maximum pressure
applied to a mouse in an FPS game and game experience aspects that relate to
arousal (competence, frustration and challenge) [20]. Tijs et al. had test participants
play Pacman at three different game speeds to induce different levels of arousal,
and found that keyboard pressure could help distinguish between all three game
speeds (slow, normal and fast) [47]. Sykes & Brown found somewhat similar re-
sults when test participants played Space Invaders with a gamepad at different
dif culty levels. They found that the buttons were pressed signi cantly harder in
the "hard" dif culty compared to the "medium" or "easy" dif culty [45].

Some studies have also looked into whether button pressure can indicate other
aspects than arousal levels, and have found that it can relate both to the level of
sensory immersion [19] and the type of in-game behavior that the player is cur-
rently engaging in [18]. One paper notes, however, that while they found that
pressure related to the level of arousal that players experienced, they were unable
to tell whether the arousal was positive or negative (i.e. no valence levels could be
inferred) [45].

The type of games that are used in studies on pressure generally belong to the
same game genres that other studies on affective games have previously used (re-
gardless of whether they measured pressure or not). The best represented genre is
classic arcade games, including both Breakout, Pacman and Space Invaders. These
games, like the ones mentioned in 2.3.1 Affective gamedave various straightfor-
ward parameters that can be tweaked to manipulate the dif culty and have a fast
paced gameplay.
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As for how pressure data is gathered and treated, there have been various proce-
dures. The input devices that have been used to evaluate pressure during gaming
include:

» A keyboard rigged with Force Sensing Resistors (FSR) [18, 47].
* A mouse rigged with FSR [20].

» A Sony PlayStation 2 controller, either with FSR or using the native pressure
sensitivity in the buttons [19, 45].

* A Microsoft Surface Pro 3 tablet, where the pressure level is inferred from
the size of the contact area of the ngertip [35].

In general, there are two ways that the data is subsequently treated. One approach
is to consider the maximum pressure value per key press and average that across all
key presses [20, 35], while another is to include the full key press in the calculation
of a mean pressure value (i.e. also the readings immediately before and after a
peak) [18, 20, 35, 45, 47]. A single key press can be distinguished through e.g. peak
detection algorithms or thresholds [47]. To avoid individual differences between
participants to affect the data, papers also often normalize the pressure data per
participant [18, 19, 47].

As a nal note, although pressure has been shown to be a valid game-related metric

in multiple cases, none of these cases have used pressure as real-time feedback in
an affective game. Van den Hoogen et al. argues that in order to use pressure
as an input in an affective game, the sensitivity of the measure would need to be
established at an individual level, and at much shorter time-spans than what is the
case for most of the referenced papers (seconds rather than minutes) [20].

2.3.3 Dynamic Di culty Adjustment

Researchers have previously underlined the importance of presenting players with
a proper level of challenge; it is a fundamental factor in game design [2]. An
improper balance of challenge and skill can cause frustration or boredom in the
player, potentially risking that they lose interest [54]. DDA attempts to overcome
this issue by automatically adapting the game dif culty to t the player's skill
level, which may be one of the reasons why DDA has become such an active
topic within the affective gaming research community [56]. Several of the papers
that have already been presented also concern themselves with game dif culty,
either dynamically adjusting the dif culty or presenting pre-determined levels of
dif culty to participants in a test.

When designing a DDA system, there are certain considerations to keep in mind.
The system should be designed in such a way that it can automatically track the
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player's skill level and adapt to it, even as it rises or falls throughout a session [56].
It has also previously been argued that DDA is best done without the player's
awareness, so as to not disrupt their immersion within the game [3] - players may
even feel "cheated" if the game adjusts during the gaming session [21].
Furthermore, the system requires some measure of dif culty in order to map the
levels of skill and challenge, which could for example be the players' current num-
ber of resources, losses or victories [56]. This measure can differ from game to
game, as success conditions and relevant game aspects vary.

The literature offers various examples of implemented and tested DDA systems.
Hunicke [21] developed a performance-based DDA in the FPS-game Half-Life 2.
The system estimates a probability of player death based on the present enemy
types, number of enemies and the damage done to the player. By predicting the
likelihood of player death, the system knows when to intervene. Intervention can
happen in the form of extra items (e.g. health packs and ammunition) or mod-
ifying player or enemy values (e.g. hit points and the strength of their attacks).
Testing the system revealed that the system could indeed increase the enjoyment
of players familiar with the FPS genre (while results were inconclusive in the case
of novice players).

Sutoyo et al. [44] gives another example of a performance-based DDA. Their sys-
tem was developed to adapt the dif culty of a tower defense game. Their system
adapts the dif culty based on the player's and enemies' hit points, as well as which
passive skills the player decides to invest their in-game skill points on. The dif -
culty is adjusted by changing the strength of enemies, amount of enemies per wave
and the amount of in-game currency that the player receives upon clearing a level.

Another approach to DDA consists of doing adjustments according to a player's
affective state rather than in-game performance. As an example, Dirrik & Lam-
propoulos [13] proposed and tested a DDA system that uses physiological signals
(GSR and HR) to adjust the dif culty in an adapted version of the classic arcade
game Pong. They found that while the user performance (measured in game score)
did not improve with DDA, the user experience did.

Liu et al. [31] also proposed an affect-based DDA system, albeit with a wider
variety of affective data. Their system recorded a wide variety of physiological sig-
nals (related to cardiovascular activity, muscle activity, skin conductance and skin
temperature) and used the data real-time to adapt the dif culty of Pong and an
anagram solving game. They concluded that most participants found the affect-
based DDA game versions to be more satisfying and challenging compared to
performance-based DDA game versions, and that the performance of the majority
of the participants improved with the affect-based DDA. This is in contrast to the
results from Dirrik & Lampropoulos, who found no difference in performance.
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It should be noted that there are certain constraints to keep in mind when develop-
ing a DDA system. For example, the impact of DDA on the game experience may
be dependent on the individual player's familiarity with a game genre. Alexander
et al. [1] argues that while experienced players may enjoy the challenge, novice
players may prefer the easier levels. This was also the case in a study by Hunicke
[21], in which it was found that ‘familiar players' had an increased enjoyment of a
game with DDA, while no similar results were found for novice players.

Players' motivation for playing also poses an issue for DDA. Yun et al. [54] im-
plemented a DDA system in a third-person 3D shooting game, and noticed that
although one of their participants had been marked as an expert player, he played
the game on the easy dif culty for most of the time. Since their data showed that
he did indeed enjoy the game (despite it being too easy for his skill level), they
note that his motive for playing could be classi ed as seeking easy fun (focusing
on enjoyment of game activities) rather than hard fun (focusing on winning con-
ditions). Alexander et al. [1] likewise argues that DDA is acting against players
who want to play at their own pace - for example in the case of an expert player
preferring the easy dif culty.

2.4 Research problem

Affective games seek to improve the game experience by adapting the gameplay
according to the player's emotional state. The subjective game experience tends
to be measured with specialized questionnaires post gaming session, while several
different methods for measuring the emotional state during the gaming session
have been proposed throughout the years. They can generally be categorized as
either physiological, behavioral or self report approaches. These methods typically
consider emotions in relation to the dimensions of arousal and valence.

An analysis of related work on affective games revealed that physiological ap-
proaches tend to be dominant, and that the existing work tends to use game dif -
culty as the adaptive component. Because dif culty is a frequently adapted compo-
nent in affective games, related work on the concept of DDA was presented, which
showed how DDA can effectively improve the game experience for the player.

No papers were found to use the pressure on an input device (a behavioral metric)
in an implementation of an affective game, despite this metric consistently being
shown to correlate with arousal and certain game experience aspects.

Based on the presented research, the research problem for this thesis has been
formulated as follows:

How can pressure be used as indirect feedback in a DDA system?
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In order to conclude upon this, it has been decided to design and conduct an
experiment with the purpose of measuring and comparing the player experience of
an affective game with pressure-based DDA against a regular performance-based
DDA and no DDA.

Such an experiment should allow for a discussion on the success and effectiveness
of this new type of DDA that infers the emotional state of the player from the
pressure exerted on an input device.



Implementation

The implementation follows an iterative design process in which the different com-
ponents of the prototype are designed, implemented and tested, with each test
aimed at improving the next prototype iteration. The sections in this chapter are
thus dedicated to describing the details of a new prototype iteration, with the sub-
sections describing each component of the prototype as well as the test results for
the speci c prototype.

Before the implementation of any prototype, decisions had to be made on which
game to use and how to implement the affective aspect.

Based on the background research, it was decided that the game should fall in
the classic arcade game genre. Typical of games within this genre is that they
are universal, easy to pick up and has simple controls. More speci cally, it was
decided to base the game off of Arkanoid a classic arcade game by Taito from 1986
[51]. The concept of Arkanoid is similar to its predecessor Breakoutby Atari Inc.,
which we have previously had success with using in relation to affective gaming
[49].

The emotional state of the user will be inferred through the pressure they apply
to the input device. Related work on pressure as a metric in affective games have
tested on both computer mice, keyboards and gamepads with success. As an
ordinary keyboard is likely a familiar tool for many, it has been decided to use

a keyboard as the input device. Furthermore, the importance of abstracting from
individual differences when analyzing the pressure data in the affective game has
also been noted.

Finally, it was decided that the affective aspect of the game would be a DDA system
that can change the dif culty based on the inferred emotional state of the user. Two
requirements for the DDA system were formulated:

1. The dif culty should adapt continuously throughout a level at set time inter-
vals rather than only in between levels.

2. The adaption should be hidden from the user.
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The rst requirement was set as each level in the game can potentially last several
minutes. Therefore, it would be preferable to intervene several times during a level
in order to maximize the time that the user spends in the ow channel, rather than
being restricted to making changes only between levels. The second requirement
was set based on what is known to be the best practice of DDA (as described in
2.3.3 Dynamic Dif culty Adjustment). By hiding the adaption from the user, the
DDA does not risk disrupting the player's immersion in the game.

Two DDA systems were developed, one being based on pressure and the other be-
ing based on performance. To obtain the data for the pressure-based DDA system,
a custom pressure reader was built. Furthermore, an adapted version of Arkanoid
was developed in the Unity game engine.

3.1 The pressure reader

As the game will be controlled with a keyboard, the pressure reader should be
able to read the pressure applied to a keyboard and send this information to Unity

to be used by the game to perform pressure-based DDA. The data should also be
saved for later data analysis.

The pressure reader was built using an Arduino Uno single-board micro-controller
and a 0.5 inch round Force Sensing Resistor (FSR). The sensor is connected to the
Arduino with a 10k W pull-down resistor and 5V, as shown in the circuit schematic

in Figure 3.1. The signal is sampled with a frequency of 20 Hz.

Figure 3.1: The circuit schematic of the pressure reader.
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