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Equipped with his five senses, man explores the universe
around him and calls the adventure Science.

— Edwin Powell Hubble



A B S T R A C T

This internship thesis intends to facilitate cognitive experi-
ments for gameplay experience studies. To achieve this a psy-
chophysiological logging framework was developed, which
automatically reports the occurrence of specific game events
to a log file and to the parallel port. Via the parallel port the
communication with psychophysiological systems is possi-
ble. Thus, psychophysiological data can be correlated with
in-game data in real-time. In addition, this framework is able
to log viewed game objects via an eye tracker integration. This
gives some information on how certain game elements affect
the player’s attention.

For the development of this system the Source SDK, the
game engine of Half-Life 2, has been used. Consequently,
custom-built Half-Life 2 levels had to be developed, which are
suitable for cognitive experiments. In this context, tools for
level editing will be introduced.

This thesis shapes the basis for further research work in
the area of psychophysiological software development and
is intended to facilitate this for future scholars facing these
issues.
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Z U S A M M E N FA S S U N G

Diese Praktikumsarbeit beabsichtigt kognitive Experimente im
Bereich von Untersuchungen zu Computerspielerfahrungen
zu erleichtern. Zu diesem Zweck wurde ein psychophysiolo-
gisches Logging System entwickelt, das das Eintreten von
gewissen Spielereignissen automatisch an eine Log Datei
und an den Parallel-Port meldet. Die Datenübertragung zum
Parallel-Port ermöglicht psychophysiologischen Systemen di-
rekt auf die gewonnenen Daten zuzugreifen und mit an-
deren Daten zu korrelieren. Darüberhinaus ist das System
mittels eines Eye Trackers automatisch im Stande angeschaute
Spielobjekte zu speichern. Dies kann Aufschluss darüber
geben, inwiefern bestimmte Spielelemente die Aufmerksamkeit
des Spielers beeinflussen.

Für die Entwicklung dieses Systems wurde das Source SDK,
die Game Engine von Half-Life 2, genutzt. Als Folge wurden
spezielle Half-Life 2 Level entwickelt, die für die Verwendung
in kognitiven Experimenten zulässig sind. In diesem Zusam-
menhang werden Werkzeuge und Entwicklungsabläufe für
die Level-Erstellung vorgestellt.

Diese Studienarbeit formt die Basis für weitere Forschungsar-
beit im Bereich psychophysiologischer Softwareentwicklung
und beabsichtigt dies für künftige Wissenschaftler, die sich
mit diesen Themen auseinandersetzen, zu erleichtern.
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In questions of science, the authority of a thousand is not worth
the humble reasoning of a single individual.

— Galileo Galilei
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1
I N T R O D U C T I O N

1.1 background

Games are an essential part of our life. They have accompanied
us for thousands of years in different forms of play providing
people with joy, motivation and enthusiasm. The oldest cur-
rently known board game, “Royal Game of Ur”, dates back to
a time around 2500BC and has been found in the Royal Tombs
of Ur in an area formerly known as Mesopotamia (Castronova,
2002).

Since then a huge field of different games and various forms
of categorizations have evolved, which include for example
the following:

• children games like Hide and Seek,

• sport games like Soccer, Tennis, Baseball,

• mind games as Chess, Sudoku, and

• digital games like Half-Life 2.

Although games play such a considerable role in our lives,
they are often confined to pure entertainment. This, however,
underestimates the comprehensive character of games, for
example in areas like knowledge transfer, motivational learn-
ing and social factors. Soccer, for instance, is not just played
for entertainment, but also for staying fit, socializing with
other people and challenging oneself physically. Examples for
different applications for digital games are encountered by
Prensky (Prensky, 2001). He describes different learning types
and related game styles. This underlines the great potential
for interdisciplinary use of games.

With the fast growing popularity of digital games, the gen-
eral research focuses more and more on this game type. How-
ever, due to the adolescent state, game research is in, the full
potential of games still remains to be explored. But hopes are
high that with substantiated scientific research the public per-
ception of games will change in the future. First successes can

1



1.2 motivation 2

be encountered, for instance, in the emerging field of Serious
Games as described by Michael and Chen (Michael and Chen,
2005). This field deals with the employment of digital games
in different domains like education and training, health and
strategic communication.

Today, digital games win more and more importance indi-
cated by the growing number of video game sales and the
increasing market share, especially of console game titles. In
addition, a study by PricewaterhouseCoopers even illustrated
that internet and video games are the fastest-growing industry
segment (PricewaterhouseCoopers, 2006).

One of the driving questions behind digital game research
is what actually makes a digital game appealing to the player.
Making a statement about this demands a thorough investiga-
tion on the complex subject of ”fun of gaming”. In exchange,
the results are highly valuable due to the risky and expensive
task of producing a modern digital game. Today, hundreds of
people work on a major title for more than three years. The
chance that a game will fail in achieving the desired revenue
is higher-than-average. Game industry experts estimate that
approximately 3-5% of all sold game titles are responsible for
90% of all sales. Knowing the answer to what ”fun of gam-
ing” is really about and how players react to specific game
elements can, therefore, be extremely powerful information.

1.2 motivation

With the increasing influence of digital games, a profound
research on functioning design principles applicable to game
development needs to be established. Though, the game in-
dustry works with billions of dollars each year, the investment
in game research in most cases is still minimal. Nevertheless,
universities focusing on computer science, psychology and
pedagogy show an increasing interest in conducting game
research. One example of collaborative and interdisciplinary
game research is the FUGA research project, which has been
launched and funded by the European Community under
the FP6 New and Emerging Science and Technology (NEST)
programme. Six European research teams are cooperating
for measuring the human experience of media enjoyment (FUGA,
2006a).

In order to examine the element of fun in games, specific
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game scenarios were developed to create desired examinable
situations of gameplay. Thus, one main focus of the work pre-
sented in this study has been the development of appropriate
game scenarios suitable for psychophysiological studies on
gameplay experience.

Psychophysiological measurements used, for instance, in the
area of workload assessment as described by van Weert (van
Weert, 2006) show promising applicability for observation of
gameplay experience. Evaluating experimental data, however,
challenges researchers to evaluate events manually. A process
that has been described as a tedious task (Sennersten, 2004).
Sennersten’s example presented an eye tracking study within
Battlefield 1942

1 with a Tobii eye tracker (Sennersten, 2004).
Various information on eye tracking experiments are provided
by ClearView, which is a logging software by Tobii Technology
AB. This data comprehends:

• Recorded game session videos

• Data on eye gaze position, pupil dilation, etc. in log files

• Visualization of received gaze data

For further analysis, the collected data still needs manual
evaluation for identifying viewed game objects. Thus, a play-
time of four hours took Sennersten three months of manual
analysis.

Besides a cumbersome work effort, this analysis procedure
leads to an increased error rate. Due to games’ dynamic char-
acter, one of the most valuable tools for analysis is a frame-
work which automatically logs psychophysiological data in
context of a particular game. For Sennersten’s example, this
means that the information received by the eye tracker would
have to be integrated with the specific game engine to log
viewed game assets in real-time. An integrated logging func-
tionality of in-game events and the player’s attention is useful
for automatic cross-correlation with psychophysiological mea-
surements. An example for this is observing peaks in the
player’s heart frequency and matching it to in-game events
that occurred simultaneously. This way, it would be possible
to analyze how certain events affect the player.

1 Battlefield 1942 is an action game by Electronic Arts, in which one plays a
soldier in World War II.
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Figure 1. Example of a PSYLAB system setup (Contact Precision
Instruments Inc.)

1.3 task description

Resulting from the presented issues, the following tasks have
been approached:

• Develop stimulus levels for game play experience mea-
sures!

• Develop a logging framework for

– predefined in-game events

– viewed game objects

within a commercial game engine.

Because of the desire to correlate game events and psy-
chophysiological data, the work focuses on an integrated
logging framework for psychophysiological systems like PSY-
LAB2 (see Figure 1). A comprehensive framework containing
various possibilities for handling different psychophysiologi-
cal measurements (i.e. PSYLAB and eye tracker) is initiated.
Further additions should be made feasible for more com-
prehensive systems, though. This includes a well-structured
documentation on the conducted development, which this
report contributes to.

This report has been created as a scientific evaluation of a
mandatory internship, which has been accomplished during

2 PSYLAB is a computer based system for performing measurements in
experiments in human psychophysiology by Contact Precision Instruments.
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2007. The internship was part of the author’s study of ”Com-
putational Visualistics” at the Faculty of Computer Science,
Otto-von-Guericke University, Magdeburg (Germany). For the
internship the ”Cognition, Interaction, Simulation and Game
Science” (CISGS) research group at the Blekinge Institute of
Technology (BTH) in Sweden was chosen.

1.4 structure of this report

This thesis starts its fundamental discussion on cognitive game
research by looking at the basic work and publications done in
this relatively young field. Chapter 2 touches the fields of psy-
chophysiology and game research as disciplines of their own
with special focus on their commonalities. This paper then
proceeds to gather requirements and elucidate the decision
process for a platform that can suit the development demands
of this project in Chapter 3. While Chapter 2 and 3 built a
knowledge basis to work on, Chapter 4, 5 and 6 then describe
the practical development of a psychophysiological logging
framework within Half-Life 2 in detail. Chapter 4 covers the
creation of suitable game scenarios for later use as stimuli in
cognitive game experiments. The following two chapters dis-
cuss the logging functionality of pre-defined in-game events
and viewed game objects in detail. Chapter 7 concludes this
thesis with a discussion on the results and an outlook to future
work. In addition, Chapter 7 contains a section with personal
remarks concerning the attended internship by the author.



2
P S Y C H O P H Y S I O L O G Y A N D G A M E
R E S E A R C H F U N D A M E N TA L S

A basic knowledge about concepts of psychophysiology and
game research are required to be able to relate to the essential
topics and ideas presented in this report. Moreover, it is im-
portant to understand the motivation and desire to connect
these interdisciplinary areas.

As for most scientific fields game research can be classified
into a substantial amount of subcategories. These may include
topics on interaction, design, addiction or as of special interest
for this study: game experience. Information on how a player
perceives a game environment, what s/he feels and focuses
on while playing are just a few examples which might help
to improve the comprehension on how games influence the
player. As a matter of fact, the described aspects are closely
related to psychological components. A few examples are as
follows:

Psychological Component Example

Attention What does the player visually
focus on while playing?

Emotion How does the player respond
to constant failure?

Information How does the player react
Processing in a specific situation?

In order to examine such psychological elements, it is cru-
cial to understand the relationship between psychological and
physiological components. Thus, in order to understand game
experience better, it is essential to learn more about the con-
cepts behind psychophysiology. Subsequently, an investigation
on previous work on projects combining psychophysiology
and game research has to be made as well.

6



2.1 psychophysiology 7

2.1 psychophysiology

Psychophysiologists are interested in questions about the rela-
tionship between mind and brain or the ability to control one’s
well-being with your thoughts (Cacioppo et al., 2000). It is the
curiosity about how the relation of pure feelings and thinking
manifests to bodily responses. The following definition has
been proposed by Andreassi (Andreassi, 2000) for describing
psychophysiology:

Psychophysiology is the study of relations between
psychological manipulations and resulting physiologi-
cal responses, measured in the living organism, to pro-
mote understanding of the relation between mental and
bodily processes.

In other words, this area focuses on the way mental processes
and behavior produce mechanical, physical, or biochemical
responses in living organisms.

An example for such a relationship is explained as follows:
The expression of positive and negative emotions involves an
increased activity at the orbicularis oculi (one muscle type
of the eyelid; see Figure 2) (Ekman et al., 1990). This means
that being in a positive emotional state which is clearly a

Figure 2. Left orbicularis oculi, seen from behind (Gray, 1918)
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psychological activity can be indicated by a physiological
response (measurable by facial Electromyography (EMG)).

2.1.1 Observational Techniques within Psychophysiology

Various techniques do exist for performing observations on
psychological and physiological factors. Table 1 enlists a few
examples of such observational measurements and describes
their objectivity and obtrusiveness. Objectivity describes the
degree to which the received data might be biased. Since about
80% of human actions are subconscious (Ruch and Zimbardo,
1974), the results of self-reports and questionnaires have to
be regarded as biased. Obtrusiveness describes how much
a certain technique detracts the user in her/his freedom of
movement or actions. Measurements like EEG, which include
the fixation of electrodes on the human skin, can for example
be considered as very obtrusive.

An elaborated collection of physiological measures has been
described by van Weert (van Weert, 2006). These include, for
instance: heart and respiratory measures, eye blinks, gaze
tracking, pupil dilation, facial expressions (facial Electromyo-
graphy), brain activity (Electroencephalography), etc.

Measurement Objectivity Obtrusiveness

Self-report Low Medium
Questionnaire Low Medium
Recording Low Low
Test (for example: Low- Low-
”Implicit Association Test”) Medium Medium
Electrocardiography (ECG) High High
Facial electromyography (EMG) High High
Electroencephalography (EEG) High High

Table 1. Overview of some observational techniques (van Weert,
2006)

As Table 1 illustrates, the usefulness of a certain observa-
tional technique is affected by various factors. Objectivity and
obtrusivness are just two examples, but other characteristics
should also be taken into account. A few examples are as
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follows: sensitivity, convenience of automated analysis or in-
volved effort.

2.2 game research

Game Research is still an emerging area compared to other
well-established scientific disciplines like for instance Psychol-
ogy. Although the digital game industry is growing vehe-
mently, its interest in game research has been relatively low
(Adams, 2006). Due to the high competition in the game in-
dustry, publishers usually do not want to invest additional
time (and therefore money) into research, if they do not know
whether it eventually will pay off or not. But as Ernest Adams
stated, game research has been rising since the interest in
game education has begun increasing (Adams, 2006). More
and more universities have started offering game education
programs over the last few years, which, however, are often
still considered with disbelief by game designers. For a thor-
ough analysis of adequate game development curricula see
(Nacke, 2005). But not only the interest of universities has
been kindled, also the game industry itself shows efforts in
collaboration.

For instance Electronic Arts (EA), which is the world-wide
biggest publisher, agreed on endowing a chair at the Uni-
versity of Southern California for the study of interactive
entertainment. This shows that both industry and academy
see some potential for gaming as a serious area of study.

2.2.1 Game Experience Research

Within the field of game research, the studies on gameplay
experience prove to be one of the most interesting areas. Few
studies have been done on observing this experience and
finding valid measurement methods. Ermi and Mäyrä (Ermi
and Mäyrä, 2005) proposed a three-level immersion model
called the SCI model, which classifies immersion in games into
sensory, challenge-based, and imaginative immersion. Other
studies (Kivikangas, 2006, Chen, 2006, Sweetser and Wyeth,
2005) have started to investigate and correlate the Flow phe-
nomenon first described by Csikszentmihalyi (Csikszentmiha-
lyi, 1975) with the gameplay experience. With many ongoing
studies in this area, this proves to be a highly interesting area
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to investigate in.

2.3 psychophysiology and games

The fundamental game design approaches can be significantly
advanced by the validation of game experience measures. By
researching about emotions it is desired to enable a better
understanding on how specific game elements will arouse
distinct emotions and to use this knowledge to improve game
development in the long run.

2.3.1 Emotions and Gameplay

Little is known so far about the use of psychophysiological
measurements in the context of games especially concerning
the study of dynamically changing emotions during gameplay
(FUGA, 2006b). However, Klimmt describes complex game
tasks as episodes, which come from an imaginative shift into
the game world (Klimmt, 2003). Enjoyment in the context
of game experience stems from curiosity, discovery, excite-
ment of action, and also the pleasure of experiencing negative
emotions of suspense, which are followed by the transfer of
arousal to an ecstatic experience. This happens when the chal-
lenge that created the anxiety of suspense is overcome and
self-esteem is enhanced. Gilleade and Dix looked at frustration
as a motivating factor behind gameplay as well (Gilleade and
Dix, 2004). However, studies with more significance for psy-
chophysiological gameplay analysis come from Ravaja et al.
(Ravaja et al., 2004, Ravaja et al., 2005), who have described the
use of psychophysiological logging systems for game research.

Ravaja provided various advantages, which psychophys-
iological measures have over self-reports in game research
(Ravaja, 2004):

• Measurements can be performed continuously with high
temporal resolution

• Processes of interest can be covertly assessed

• Potential information on emotional and attentional re-
sponses, which might not be available to conscious
awareness
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• A large amount of data which enables the use of time-
series analysis techniques

The FUGA partners consider the following psychophysiologi-
cal measurements as useful for their studies:

• electrocardiography (ECG)

• facial electromyography (EMG)

• electrodermal activity (EDA)

• electroencephalography (EEG)

• Eye Tracking

It is to say that not one of these measures alone will be suf-
ficient to conduct an extensive study on game experience.
Instead, a well-defined set of them has to be chosen with
regard to the specified context and research paradigm. The
association between a specific physiological event and a psy-
chological incident is ambiguous. Cacioppo et al. enlisted five
different categorizations for describing the relationships be-
tween psychological and physiological events (Cacioppo et al.,
2000). The following relationships can be seen as projections
from one or more elements from the set of psychological events
to one or more elements from the set of physiological events:

• One-to-One

• One-to-Many

• Many-to-One

• Many-to-Many

• Null (no relationship)

This ambiguity highlights the importance of a comprehensive
framework for conducting psychophysiological experiments.



3
D E V E L O P M E N T C O N S I D E R AT I O N S

The task is to develop a framework for conducting studies on
game experience. This requires customized game scenarios. In
addition, an in-game event logging system is desired. Hence,
a suitable game engine has to be selected, which provides
the opportunity for designing the described features. Subse-
quently, a well-defined set of requirements needs to be. The
following considerations have to be taken into account:

• a requirements analysis for

– game scenarios

– logging functionality for

* in-game events

* viewed game objects

3.1 deciding on a platform

As mentioned before, the desired game engine has to satisfy
certain requirements:

• Three-dimensional game world with graphic quality of
a commercial game

• Rapid creation of customized game scenarios

• User-friendly level editing tools

• Access to and possibility for adjusting the game engine’s
source code for integrating a customized logging system

• Low licensing costs

After some research on different games and development tools,
which would be appropriate for creating the desired game
modifications, the FUGA partners agreed on using Half-Life 2

as a game (amongst others) for their experiments. Half-Life 2

is a First-Person Shooter (FPS) by Valve, published by Vivendi
Universial in 2004. Together with its predecessor, it has been

12



3.1 deciding on a platform 13

one of the first FPS which put more emphasis on storytelling
elements. Features like the possibility to animate up to forty
different facial muscles for natural looking facial expressions
and an improved physics engine made this game extremely
successful. Within the first two months after release, more
than 1.7 million copies of the game have been sold (Fahey,
2005).

3.1.1 Advantages and Disadvantages of Half-Life 2

For use as a platform within the scope of the FUGA project,
the advantages and disadvantages of Half-Life 2 had to be
encountered. Half-Life 2 provides the user with the Source
SDK (Software Development Kit), which offers various useful
tools for developing customized game modifications (mods).
The following considerations lead to the decision to use Half-
Life 2 in the FUGA project:

Pro

• Half-Life 2 is available at a price of approximately US
$20 around the world.

• Half-Life 2 provides the player with several development
tools to support players in designing their own game
scenarios and modifications.

• A library with about 2000 professional models and assets
of the game is included.

• The source code is adaptable, therefore internal changes
are possible.

• A big online developer community is available for ques-
tions and tutorials as well as a large documentation
wiki.

Contra

• The highly complex code base of the Source SDK is
written in C++.

• Source code documentation is inadequate.
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• It is only with high effort and major changes to (amongst
others) models, animations and predefined entities that
a change of genre or setting can be achieved.

The major contradiction when deciding on Half-Life 2 has
been the limitation in game genre, which can be studied in
the experiments. However, since the project partners agreed
on focusing on FPS, this limitation is not a problem for now.
Further studies will sincerely need to include other genres
as well. On any account, Half-Life 2 provides sophisticated
development tools and a huge developer community, which
facilitate the development of modifications for the FUGA
project.

Figure 3. Source SDK menu

3.1.2 The Source SDK

The Source Software Development Kit (Source SDK) is a col-
lection of tools and examples for supporting users to create
their own game scenarios 1 and game modifications2. Figure
3 shows the Source SDK menu with its basic applications.

1 Game scenarios are often also referred to as maps or levels, which are
created with the Hammer Editor.

2 In the context of this thesis, modifications describe an individual game
version by using an altered source code.
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The following tools will be of eminent importance for the
development of game scenarios:

• the Hammer Editor

• the Face Poser

• the option ”Create a Mod”

However, more tools are provided in the Source SDK bin
folder for more experienced users. This includes for instance:

• Valve Texture Tool (Vtex) is a compiler used to convert
targa (.tga) images into Valve Texture Files (.vtf) to be
usable by the Source engine.

• Bspzip is a command-line utility able to embed, extract,
and list game content in Binary Space Partitioning (.bsp)
files. This allows easier distribution of custom map con-
tent.

• Studiomdl.exe is used to create models, textures and ani-
mations from the additional XSI ModTool3, which is a
modeling program for the Source SDK.

Source SDK: ”Create a Mod”

When creating a new game modification (mod) two folders,
a source and a content folder, will be generated. The source
folder will contain all necessary source files for constructing a
desired mod. This will mainly include uncompiled levels and
source code files.

The second folder contains all of the mod’s content files, for
example: compiled maps, screenshots, customized material
and FacePoser files. This folder is meant for distributing the
game after release.

In addition, paths in the GameInfo.txt file will automatically
be adjusted. This file describes to the Source engine and to
the SDK tools which content is needed for a particular modifi-
cation, because various game versions are available to choose
for modification, i.e.: Half-Life 2, Counter-Strike or Half-Life 2:
Deathmatch. In addition, the GameInfo.txt informs the tools
where to find the particular game directory.

3 The XSI Mod Tool is a completely free version of the professional XSI
modeling package by Softimage. XSI stands for ”X Soft Image” where the
X is a remainder from the time Softimage was owned by Microsoft and it
had its directX ”.X” format.
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Figure 4. Screenshot of the Hammer editor

Source SDK: ”Hammer Editor”

The Hammer Editor (see Figure 4) is the official level creation
tool from Valve. It provides for instance the following features:

• Constructing geometrical level architecture (brushes)

• Texturing brushes

• Creating particular level events (e.g. defining triggers)

• Placing prefabricated models

• Placing other entities (e.g. NPCs, light, special effects,
logical units)

• Defining navigation nodes, sequences and scripts for
controlled NPC movement

• Defining dependencies of entities via Inputs and Out-
puts (e.g. trigger: OnTrigger -> player: GetItem)

• Hiding particular information from the level (e.g. For
testing a specific part of a level, undesired objects can be
hidden for faster compilation.)

• Compiling created game levels



3.2 development requirements 17

Source SDK: ”Face Poser”

The Face Poser (see Figure 5) enables the production of chore-
ographed scenes, which can be added to a level with the
Hammer Editor. Some abilities of this tool are the creation
and management of facial expressions, lip-sync movements,
gestures (body animations), the position of actors4 in the
world, and any map triggers that need to be fired during the
scene.

Figure 5. Screenshot of the Face Poser

3.2 development requirements

A well-defined set of requirements has to be elaborated before
starting to develop any game scenario or modification. The
FUGA partners have presented a rough outline about their
game scenarios’ expectations in Report D3.1 (FUGA, 2006c).

4 ”Actor” is a term used in the Face Poser for NPCs for whom you can
define facial expressions, movements, etc.
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3.2.1 Game Scenarios Requirements

The mentioned FUGA report (FUGA, 2006c) stated that two
main scenarios have to be created within Half-Life 2. All
FUGA partners were invited in the level creation or at least
participation of the level design. Although, these scenarios
are for use to all FUGA partners, specific partners provided
the guidelines for the particular setting of the maps. This had
mainly to do with the particular focus of interest of and the
later value for the specific FUGA partners.

Scenario 1: Expression/Action Congruency Experiment Modifica-
tion

• Main Contact Member: Center for Knowledge and Inno-
vation Research (CKIR), Helsinki

• General Description:

– The facial expression (smiling or frowning) of a
group of non-player characters (NPCs) and their at-
titude (cooperating or opposing) towards the player
character will be varied. Four NPC types will be
differentiated:

* Smiling cooperating NPC

* Smiling opposing NPC

* Frowning cooperating NPC

* Frowning opposing NPC

• Focus:

– The Expression/Action Congruency Experiment is
concerned with the player’s reaction to the NPCs’
behavior in context with their facial expressions.

• Further Requirements:

– The player shall meet twelve NPCs containing ex-
actly three NPCs from each of the four differenti-
ated types.

– Each of the twelve NPCs shall have their unique
looks (a specific model shall not be used twice).
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– The issue of random appearances of models and
NPC types and their independence from each other
are highly important to prevent an adjustment by
the player. Thus, pattern recognition shall not be
possible.

– The play time shall amount about fifteen minutes.

– The scenario shall be designed as a single-player
game.

Scenario 2: Success/Failure Manipulation Experiment Modifica-
tion

• Main Contact Member: Hanover University of Music
and Drama

• General Description:

– The frequency of successes and failures will be
altered meeting the following three conditions:

* Frequent successes

* Successes and failures in balance

* Frequent failures

• Focus:

– The Success/Failure Manipulation Experiment is
concerned with the reaction by the player to differ-
ent levels of motivation and frustration.

• Further Requirements:

– One extensive scenario containing three individual
and independent areas, each meeting one of the
success conditions, shall be designed.

– It shall be possible to play each area autonomously
in any desired order.

– Each of the three level parts shall provide an ap-
proximate play time of about fifteen minutes.

– The scenario shall only contain combat challenges.
Neither puzzles nor facial expressions are needed.

– The level shall be designed as a single-player game.
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3.2.2 Game Event Logging Requirements

Digital games allow the great opportunity of interacting with
an environment and influence the occurring events. However,
it is important to differentiate between

• In-game events (i.e. player picks up a reward) and

• Real-world events (i.e. shouting at the computer in anger,
moving nervously on the chair).

Since in-game events are defined in the source code, it offers
the advantage of logging such events automatically to a log
file for later analysis and cross-correlation with other data.
For the examination of real-world events other methods have
to be used. A wide variety of third-party programs are avail-
able supporting player/user observation. A common example
would be recording the playing session via a webcam. This
examination type will not be discussed further in this study,
instead the focus lies on in-game events.

The development and integration of an in-game logging sys-
tem for the described scenarios have been highly anticipated
by the FUGA partners. Events shall be automatically reported
to a log file and to the PSYLAB system via the parallel port.
The FUGA partners have agreed on a list of events (see Ap-
pendix A.2 for a complete list), which include for example the
following:

• Game has started

• Player is damaged

• Player picks up reward

The event shall immediately be reported to the parallel
port (and thus to the PSYLAB system) and simultaneously
to a log file. Information in the log files shall contain an
event description and the related timestamp. The ability to
log data to two different devices allows conductors without a
psychophysiological system like PSYLAB to receive automatic
output from their experiments in form of log files. In addition,
the log files come in handy for debugging the functionality of
the port logging.

Moreover, each event, which is reported to the parallel port,
has to be transmitted for a predefined minimal time amount. If
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the signal is not sent long enough, the analysis tool connected
to PSYLAB will not be able to plot the event at all. This results
in the problem that the observer tracking the reported events
will not receive all necessary data (if any at all). Therefore, a
minimum transmission time of 200 milliseconds is required.

3.2.3 Automated Logging of Viewed Game Objects Requirements

Tobii Technology provides a software tool for collecting and vi-
sualizing eye gaze data called ClearView. Videos of the viewed
screen can be recorded and simultaneously log files are created
containing information on the eye gaze behavior. Afterwards,
the gaze data is correlated with the video frames, so that on-
screen eye behavior is visually plotted. Table 2 shows some of
the data contained in ClearView’s gaze log. In addition, the
features to-be included in the object log are also presented.
Due to shifting interests during research, it would be highly

ClearView Gaze Log Object Log

Timestamp Yes Yes
Counter Yes Yes
Gaze (screen) coordinates Yes Yes
Distance between left Yes No

and right eye
Validity Yes No
Object ID No Yes

Table 2. Content provided by ClearView’s gaze logs and by the
integrated object logs in comparison

appreciated if changes to the kind of logged data (add/remove
columns) are made as easy as possible.
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3.3 development course

In the following part of this report, a three-fold process for
achieving the described development requirements will be
examined. The pursued steps are:

1. Development of game scenarios

2. Automated game event logging

3. Automated gaze logging

Before beginning to implement any logging functionality,
it is important to get familiar with editing tools for scenario
creation. This will be helpful for an improved integration of
the logging functionality with the editing tools. After develop-
ing game scenarios according to research specifications (see
Section 3.2.1), the next step will include the implementation
of a game event logging system. In the last step, the logging
system will be expanded with a gaze logging system.



4
D E V E L O P M E N T O F G A M E S C E N A R I O S

For the development of game scenarios within the context of
Half-Life 2 the most important tool has been the Hammer Edi-
tor, which is part of the Source SDK. The two scenarios, which
have been developed are based on the guidelines provided in
section 3.2.1 Game Scenarios Requirements. The scenario names
will not resemble the labeling of their respective game levels.
This proceeding has been taken, because the map name should
not provide any clues on what the experiment might focus on.
It could then lead to a biased gaming behavior, which might
change the results. Therefore, the following names acted as
level code names, which were later merely replaced by experi-
ment numbers:

Scenario Name Level Name

Expression/Action Congruency ”Rescue Action”
Experiment Modification

Success/Failure Manipulation
Experiment Modification
- ”Frequent Successes” ”Church Walk”
- ”Balanced Successes” ”Secret Corridors”
- ”Frequent Failures” ”Zombie Nightmares”

4.1 expression/action congruency experiment

4.1.1 Concept for ”Expression/Action Congruency Experiment”

The background story will be presented to the player at the
beginning of the level telling that a number of people have
been captured and the player is supposed to save them. How-
ever, among those people some opposing spies might hide. To
find out, who is collaborating with the enemy a predefined
question will be asked for which just people supporting the
player’s side know the right answer.

23
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In case of meeting a friendly NPC, the player is supposed
to take her/him to Alyx, who is another supporting NPC
and helps by transporting those people away. This results in
several repeating tasks for the player which are illustrated in
Figure 6.

Figure 6. Player tasks in ”Rescue Action”

4.1.2 Implementation of ”Expression/Action Congruency Experi-
ment”

In the implementation phase for the first scenario, the re-
quirements from Section 3.2.1 had to be considered. The main
issues comprise:

• Ability to use customized facial expressions

• Defining designated NPC behaviors towards the player

• Randomized gameplay elements (e.g. order of NPC ap-
pearances)

• Well-defined level structure
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Figure 7. Examples of facial expressions of the captured NPCs in
Rescue Action

Implementing Facial Expressions

For this scenario the ability to assign facial expressions to
NPC models has played an essential role (see Figure 7 for an
example from a test run in ”Rescue Action”). Therefore, the
availability of the Face Poser tool has been of great impor-
tance. Due to its significance, a rough overview about how to
create and integrate facial expressions to a Half-Life 2 map
is presented in Figure 8. This general outline is thought to
provide a better understanding of the basic course of action
and substitutes by no means a detailed description in form
of a tutorial, which can, for example, be found at the Valve
Developer Community Website1.

Assigning Behaviors to NPCs

Defining positive and negative NPC behaviors towards the
player can be easily established in the Hammer Editor. The
attitude of NPCs towards other NPCs and also towards the
player can be altered by facilitating a specific entity called
AIrelationship. Different instances can simply be added to a
level and can be triggered during gameplay. The entity dis-
tinguishes three states: Friendly, Neutral, Hate. This way the
opposing NPCs from the ”Rescue Action” level first act neu-
tral towards the player. After the player attacks her/him, a
second AIrelationship entity can be activated switching the
attitude to ”Hate”.

1 http://developer.valvesoftware.com
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Figure 8. Choreography creation and assignment

Random Order of NPC Appearances

As mentioned before a random order of NPC appearances is
highly desired to prevent that players might associate specific
faces with particular behaviors or expressions. Otherwise the
results might become corrupted. The assignment of behav-
iors and facial expressions, however, cannot be randomized
due to the regulation of using exactly three NPCs from each
mentioned type. Twelve NPCs have been created with the
names person01, person02, ..., person12. Each of these NPCs
has been given a particular behavior and expression. Table
3 shows the distribution for the different types among those
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NPCs. This means for example that ”person01” will always

NPC Name Expression Behavior

person01, person02, person03 Smiling Opposing
person04, person05, person06 Smiling Friendly
person07, person08, person09 Frowning Opposing
person10, person11, person12 Frowning Friendly

Table 3. NPCs with their assigned behaviors and expressions

be smiling but opposing. If a specific face could be associated
with a particular NPC and therefore also with the underlying
NPC type though, this would contradict the desire for ran-
domization. The solution approached in this study has been
to randomize the employment of models. Hence, ”person01”
cannot be recognized by her/his looks due to the fact that each
NPC is randomly represented by one of fourteen provided
standard models. A small case study on the deployment of
the captured NPCs has been conducted to verify the random
order of appearances. An excerpt can be found in Appendix
A.1. Nevertheless, the randomization is not done with the
taken course yet. Even though one might not be able to link a
certain face or model to an NPC type, it still has to be verified
that the appearance of different types will not show any pat-
terns. The structure, which is described in Figure 9, has been
developed to assure exactly the just addressed problem and
discloses the entities, which have been used. The process can
be distinguished in 4 phases:

Phase 1 Button (for letting an NPC appear) is pressed.
Phase 2 Checks, if there are still captured NPCs left.
Phase 3 No: Text is displayed, telling the player that

her/his work is done.
Yes: A logic entity will pick one of the 12

NPCs randomly. Next, it checks, if
the chosen NPC has already been used.

Phase 4 No: NPC’s scripted sequence starts, which is
responsible for the NPC’s appearance.

Yes: Returns to the logic picking entity and
chooses another NPC.
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Figure 9. Logical structure for calling an NPC

For a relatively simple task of letting an NPC appear, about
28 different entities have to be handled. Thus, establishing
such logical relationships in the Hammer Editor can be a
cumbersome task due to the inflexibility of the integrated
tools. Dynamically displaying the amount of killed NPCs or
creating a list of the NPCs, who already have been killed or
rescued, might be achievable in the source code but is difficult
to implement just by utilizing the Hammer Editor.

Level Structure of ”Rescue Action”

Figure 10 provides a map overview with additional location
points, which will be referred to for describing the level’s
layout. The level starts at location 1, where the player is
confronted with an incipient briefing, which explains what
her/his tasks include.

Then, the player enters a huge hall (location 2), where Com-
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Figure 10. Level overview from ”Rescue Action”

bine Soldiers (opposing NPCs) will attack the player. These
NPCs have just been added for a more game-like playing ex-
perience and are otherwise not important for the experiment
itself. After killing those NPCs the player proceeds either to
the left (location 4) or the right (location 3). On the left Alyx
is waiting for rescued people to transport away and will tell
the player to waste no time but to accomplish their mission
to save the captured people. So, eventually the player will
proceed to the right room, where a machine is situated to
transport the people (one at a time) to. The pursued course of
action is carried out as described in Section 4.1.1 (see Figure 6

on page 24). Combine Soldiers have been placed on the way
between location 3 and 4 to add more combat challenges for
the player. The captured NPC will help fight against those
enemies, which means that there is a chance for the NPC to
get killed.

Two important key points have to be alluded to concerning
the NPCs’ rescue. On the one hand, the opposing NPCs (either
NPC type 1 or 3) will act neutral towards the player as long
as the player does not attack them. This means, that the only
indication whether an NPC belongs to the enemies or not is
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to pay attention to the control question and its answer. The
second important point is the possibility that the player cannot
only kill opposing NPCs but also friendly ones (except for
Alyx). That way, the player is more unrestricted in her/his
actions, which is one essential aspect for unbiased results.

After all twelve NPCs have been summoned, the game will
end. It has to be pointed out that whether the player kills all
of those NPCs or just kills the opposing ones does not matter
for ending the scenario. So, although the task described to
the player is to save the friendly captured people, the actual
prerequisite for ending the map is just to survive until all
twelve NPCs have been handled with. This, however, is not
known to the player before playing the map at least once.

Development Challenges

The ”Rescue Action” map is relatively small, just containing
three rooms. Thus, developing level geometry and creating the
setting took much less time than, for example, establishing the
different logical relationships. This includes the randomized
order of appearances and the output of specific game texts.

Especially for this scenario another challenge, which should
not be underestimated, has been the frequent changes in
requirements by the FUGA partners. Therefore, concepts had
to be redesigned and adjusted, which lead to an increase in
development time.
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4.2 success/failure manipulation experiment

4.2.1 Concept for ”Success/Failure Manipulation Experiment”

Based on the the requirements provided for the ”Success/-
Failure Manipulation Experiment Modification” scenario in
Section 3.2.1, a work schedule had to be established. Some
of these requirements could not be implemented due to tech-
nical constraints. This includes the desire for one extensive
level combining the three areas with their individual success
conditions. A lack of game performance would have to be
taken into account, which would derogate the experiment.
Hence, the creation of three discrete levels, each meeting one
of the three success conditions, has been agreed on. In order
to provide the mentioned success (and failure) conditions,
distinct characteristics have been defined for each level:

1. Level: ”Church Walk” (Constant Success)

• Small amount of easy2 NPCs

• High amount of rewards (ammunition, health kits)

• Straight-lined level layout (amplify boredom)

2. Level: ”Secret Corridors” (Frequent Successes and Fail-
ures)

• Balanced mix of easy and difficult3 NPCs

• Frequent rewards

3. Level: ”Zombie Nightmares” (Constant Failure)

• Overwhelming amount of difficult NPCs

• Nearly no rewards

• Small level (compared to level 1 and 2)

2 In this context easy describes NPCs with the following characteristics: slow
movement, long-range combat, low damage.

3 In this context difficult describes NPCs with the following characteristics:
fast movement, close combat, medium-high damage. In addition, difficult
NPCs often also use other means to disturb the player, for example:
sustained damage or confined field of vision.
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4.2.2 Implementation of ”Success/Failure Manipulation Experi-
ment”

Level Structure

The general setting of the Success/Failure Manipulation Ex-
periment is designed as a desolate town inhabited by zombies.
A huge church functions as the core of this town being visible
from most locations in the levels. All three levels will contain
the church as a uniting element, which is used to provide the
consistent task for the player to reach the church. Why the
player specifically has to get there has not been made clear
but is unimportant as long as the player has received clear
instructions and knows what s/he has to do.

level 1: ”church walk” An overview of the level lay-
out for level 1 is shown in Figure 11. The boredom of the
gameplay due to the small amount of opponents and the lack
of challenges is accentuated by a explicitly dull level design: a
long straight clearly laid out road forms the main layout.

Figure 11. Level overview for ”Church Walk”

level 2: ”secret corridors” The overview for level
2 is provided in Figure 12. As described in the conceptual
section, the amount of opponents and their difficulty has
been increased. In contrast, the amount of rewards has been
decreased. The level layout is more intricated, diversified and
suspensful as compared to level 1. It also features several areas
of high intensity combat and so called ”cool down” areas.



4.2 success/failure manipulation experiment 33

Figure 12. Level overview for ”Secret Corridors”

level 3 : ”zombie nightmares” As apparent in Figure
13 the size of this level is small compared to the two preceding
levels. Due to the presumption that the player will fail (death
of player character) between location 2 and 4 with a high
probability the need for a comprehensive scenario has been of
minimal importance. The first building, the player will enter
(location 3), contains a large number of different NPC types.
Rewards are just given rarely and, in addition, are often well
hidden.

Development Challenges

Due to the enormous size of this scenario (summing up all
three individual levels) the main challenge has been the need
for a comprehensive setting including the design of geometry
for building a fictitious town. Such huge levels usually show
an increased lack in game performance. Therefore particular
attention had to be paid to optimization. Hence, the creation
of an harmonious setting and building level geometry have
been most time-consuming. Compiling times exceeded often
more than thirty or even sixty minutes. This often obstructed
the whole work flow.

In addition, the feedback to the applied realization of the
level design for the ”Success/Failure Manipulation Exper-
iment” scenario has been minimal by the FUGA partners
during the implementation phase. It was just after actually
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Figure 13. Level overview for “Zombie Nightmares”

publishing a concluding version that feedback has been given.
Due to time constraints it was unfortunately too late for sub-
stantial changes.
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A U T O M AT E D G A M E E V E N T L O G G I N G

As defined in Section 3.2.2 Game Event Logging Requirements
(page 20) it was desired to automatically log predefined in-
game events for a decreased work effort in the evaluation
phase. For providing a higher usability of the logged data, an
additional requirement is to automatically transmit signals
representing specific events to a psychophysiological system,
in this case the PSYLAB system. PSYLAB provides the ability
to log information from, for example, EEG and ECG and
therefore, it would then be possible to map certain in-game
events to peaks from these input devices in the observation
tool.

The in-game logging system will contain two main modules:

• Transmission Component

• Event Component

The transmission component is responsible for receiving sig-
nals and to communicate these to either the port or/and the
log file. This is the base component on which the second mod-
ule depends, because the event component will catch events
anywhere in the code and report them to the transmission
component.

5.1 transmission component

This module is a static C++ class, which has to be accessible
from all other files in the project to enable the possibility for
firing events from any given class. It will be referred to as
”FugaLog”.

35
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Figure 14. Schematic structure of a 25 pin parallel port

5.1.1 Parallel Port Communication

Concept for Port Logging

Parallel ports, also known as LPT (Line Print Terminal) ports,
were originally developed by IBM1 for connecting printers to
computers. When a computer sends data to the parallel port,
it transmits 8 bits of data (1 byte) parallel and simultaneously,
as opposed to being sent serially (all in a single row) through
a serial port. In Figure 14 a schema of the parallel port is
presented. Pins 2 through 9 contain the so-called data lines,
which are responsible for carrying data. Each line can be
turned on by sending a charge of 5 volts. This then represents
a binary value of 1 for this line. To switch off a line a value of
0 volts and thus with a binary representation of 0 has to be
sent.

The following table shows an overview of all 8 lines with
their related pins and their binary and decimal representation.

1 International Business Machines Corporation (known as IBM) is an infor-
mation technology company, which works on a multinational basis and
dates back to the nineteenth century.
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Line Pin Binary Decimal

D0 2 00000001 1

D1 3 00000010 2

D2 4 00000100 4

D3 5 00001000 8

D4 6 00010000 16

D5 7 00100000 32

D6 8 01000000 64

D7 9 10000000 128

This visualizes that if the decimal value 128 (binary 1000000)
was transmitted, just line D7 would be activated. Whereas,
if the decimal value 255 (binary 11111111) was sent, all lines
would be turned on.

For event logging this means that each event has to be given
a unique decimal value between 0 and 255 which will be
referred to as ”event code” from here on. A list of events and
their related event codes is attached in Appendix A.2.

Implementation of Port Logging

For the implementation of the port logging the InpOut32.dll2

file has been integrated, which enables sending and receiving
data to/from the parallel port. The basic structure for this
communication shall be presented, describing the main steps
as executed in the source code:

1. Load library file
HRESULT hLib = LoadLibrary(”inpout32.dll”);

2. Determine function’s address
oup32fp = (oupfuncPtr) GetProcAddress(hLib, ”Out32”);

3. Send event code to port
(oup32fp)(portaddr,eventcode);

4. Free library / memory
FreeLibrary(hLib);

2 InpOut32.dll stands for a dynamic-link library containing various methods
for input and output functions for communicating with the parallel port.
It, however, just works on the following operation systems: Windows 98,
NT, 2000 and XP.
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With these few steps the communication with the parallel
port can be established. Of course, further source code lines
are added for validation to prevent exceptions.

Reporting to a Log File

Logging information to a log file can easily be established by
utilizing an output stream. Text, represented as the datatype
string or as an array of characters, is transmitted to the method
logMsg, where the crucial steps are as follows:

void _FUGA_Log::logMsg(const char* text)

{

...

// Open log file and append with given text

// p_FileName has been defined beforehand,

// e.g. ’’FugaLog_13102007.log’’

ofstream logFile (p_FileName.c_str(), ios::app);

logFile.write(text, s.length());

logFile.close();

}

5.2 event component

The event component is responsible for managing predefined events
and to report these to the transmission component. However, differ-
ent kind of events exist, which have to be handled in their certain
ways.

5.2.1 Defining General In-Game Event Types

It has already been discussed in Section 3.2.2 (page 20) that so-
called in-game events shall be reported (in contrast to real-world
events). The comprehensive group of in-game events can, however,
be further distinguished. Some events are applicable in a general
manner, whereas others are just convenient for particular scenarios.
Therefore, the following differentiation can be made:
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Event Type Description Example

Common Events not depend- Player is damaged.
Events ing on a certain NPC_Zombie is killed.

level layout or
scenario.

Unique Events closely re- Player enters a certain area.
Events lated to particular Player meets NPC type 1

intentions in a level. (smiling and opposing).

One might argue that the example ”NPC_Zombie is killed” may
not be a common event, if there are only scenarios designed without
this particular kind of NPC. However, damaging or killing an NPC
is a common event within Half-Life 2 and within the two experiment
scenarios and thus, the damage of a whole NPC class can be referred
to as a general event. In contrast, the action by a particular NPC
from this class can sincerely lead to a unique event.

For the design of the event component this means that the ability
to dynamically assign additional unique events within the Hammer
Editor would be highly desirable. Thus, one central entity called
”logging_entity” is to be created, which provides the possibility to
choose from a list of ”common events”, but also to refer to this
entity by other instances for defining ”unique events”.

5.2.2 Implementation of ”logging_entity”

Figure 15. Structure of the logging entity

Figure 15 illustrates the general structure of the logging entity.
It derives from the the CBaseEntity class, which is, as the name
suggests, the base class for all entities contained in the Source
Engine. As shown in Figure 15 the members of this class can be
broken down in three main parts:

• member variables

• input functions
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• output functions

Available events, which can be fired by the logging entity, are
indicated by its output functions. In addition, when an event is fired
(not only by this but also by other entities) the mentioned input
functions can be explicitly called. This means that also events by
other entities can trigger the SetEventCode3 function as long as the
logging entity has been given a name it can be referred to.

An example for calling the SetEventCode input function from
another entity could be as follows: A level consists of different
areas, which are sequentially playable. Every area has its distinct
characteristics and therefore, it is desired to automatically log, when
the player moves on to a new area. A simple trigger can be created,
which fires an OnTrigger output function (event), when the player
passes through it and sends a predefined event code to the logging
class.

The work, however, is not done just by creating the class log-
ging_entity as presented, because the output functions may be ini-
tialized, but they will not fire the desired output yet, because the
exact spot in the source code, when the desired event takes place,
still has to be determined. In a huge project as the Source SDK this
becomes a complex and time-consuming task. But once the suitable
point in the source code has been found, the approach for firing an
event is always the same. An example for logging the event that the
player has been damaged is described below:

1. Choose a file in which an event from the logging entity is
supposed to be fired.

player.cpp

2. Include the header file for the logging entity.

...

#include "../FUGA/logging_entity.h"

...

3. Look for the specific point in the source code, where the event
exactly should be fired and add the following code (of course
adjusted to the specific case):

3 SetEventCode is an input function contained in logging_entity for saving a
given event code to the member variable currentEventCode. With the output
function SendToPort this value will then be sent to the parallel port.
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// player.cpp -> line 909 / 8135

int CBasePlayer::OnTakeDamage

( const CTakeDamageInfo &inputInfo )

{

...

//-- FUGA: Log damage to player --

CBaseEntity *ent = NULL;

CLogEntity *logEnt = NULL;

while((ent=gEntList.NextEnt(ent))!= NULL)

{

if (strcmp(ent->GetDebugName(),

"FugaLog_player")==0)

{

logEnt = assert_cast<CLogEntity*>(ent);

}

}

if(logEnt != NULL)

logEnt->m_OnPlayerDamaged.FireOutput(this, this);

// -- End Logging --

...

}

Due to the various events contained in the logging entity, moving
around in several different source files is necessary. Thus, access
to the logging entity has to be provided. All entities, which have
been added to a certain level in the Hammer Editor, are listed in
gEntList. If the logging entity is not found in this list, then nothing
will happen and no error will occur. Otherwise, the event defined
in the logging entity will be fired and, depending on the settings of
the particular level, an input function will be called.

In order to find the entity in gEntList, the logging entity has to be
given a specific debug name within the Hammer Editor: ”FugaLog”.
When adding other events the same procedure has been followed.
However, playtesting revealed that events concerning the player
(for example: ”Player shoots a gun”, ”Player is damaged”) had
to be distinguished from the other agreed events. Some events
would, otherwise, not be logged. This probably had to do with the
fact that closely related events would be sent simultaneously. An
example for this is the player shooting at an NPC and this NPC
being damaged. A makeshift had to be found to provide a working
logging framework as soon as possible. The solution taken is to use
2 logging entities in a level, one named ”FugaLog” and the other
one called ”FugaLog_player”. Meanwhile, the source code had to
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be adapted (changing the search term to ”FugaLog_player”) for
the player related events (in the previous example this has already
been done). This, however, means that both entities are still of the
same type logging_entity and have the same list of output functions,
although, they cannot be used by both. This will not lead to any
errors except for the fact, that ”FugaLog” will not log player related events
(and the other way around). Due to timely constraints and the fact
that handling both entities show a low maintenance, this approach
has not been changed so far. And although this approach worked out
effectively for this application, the problem of disregarded events
still remains and may become more serious, when the amount of
desired events, which should be logged, increases. Therefore, it has,
herewith, been pointed out as a critical problem for further work
with the Source Engine.

5.3 ”logging_entity” features

Designing the event component as an independent entity for use in
the Hammer Editor provides the user with several helpful features:

• Easy changes to existing event codes. The user is able to adapt
event codes within a well arranged menu within the Hammer
Editor. Otherwise one would have to go through thousands of
lines of code in order to find the specific spot where a certain
event code would be sent.

• Possibility to define event codes for unique events. Events closely
related to a certain scenario can easily be added by defining
it within the Hammer Editor. In case of the occurrence of this
event, it can refer to logging_entity and send an agreed event
code.

• Exceeding simple logging functionality. The logging entity can
be used for more than just logging events. Output functions
defined in this entity can trigger other entities. An example
for this would be as follows: If the player is damaged, a health
kit shall be created. This can be established by defining that
on the event ”Player is damaged” the function ”Spawn health
kit” is called.

5.3.1 Integration of the In-Game Logging System in the Hammer
Editor

After compiling all needed source files for the transmission and
event components, one last essential step has to be realized to be able
to integrate the logging functionality into a desired level: Adding an
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entry in the *.fgd-file4. The Hammer Editor uses the ”base.fgd” and
”halflife2.fgd” by default, but can be adjusted to include additional
entities. It is, however, recommendable to create a new version (copy
to the content folder) and change the reference in the Hammer
Editor, because all other mods link to these two files as well. An
excerpt of the actual entry, which has to be added, looks as follows:

@PointClass base(Targetname) iconsprite("fugaIcon.vmt") =

logging_entity : "FUGA Logging Entity."

[ defaultEventCode(integer) : "Default Event Code": 0

: "Resetting event code after a specified time."

// Input Functions

input SetEventCode(integer) : "Set event code."

input ResetEventCode(void) : "Reset event code."

input SendEventToPort(void) : "Send current event code

to port and log file."

...

// Output Functions

output OnEventCodeChanged(void) : "Changed Event code."

output OnPlayerDamaged(void) : "Damage to player."

output OnFastZombieKilled(void): "Fast Zombie killed."

...

]

After adding the entry to the fgd-file and restarting the Hammer
Editor, the logging_entity can easily be added to a map by select-
ing it from the properties’ drop-down menu. An example of the
logging_entity’s output menu can be seen in Figure 16.

4 FGD stands for ”Forge Game Data” and describes files, which define
the content for the Hammer Editor. These files just represent references
between the source code and the Hammer Editor.
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Figure 16. Example of the logging entity displayed in the Hammer
editor

5.4 minimal transmission time constraint

The feature of sending an event code for about 200 milliseconds (ms)
has been highly anticipated by the FUGA partners. In this process,
the exact amount of 200 ms has been of secondary importance. More
important was to understand that the PSYLAB system needs enough
time to display the event code accurately with the monitoring tool
(observation program). Without a defined minimal transmission
time, event codes would be immediately sent and would overwrite
each other. In a worst case scenario, all events would happen quickly
(every millisecond) in succession, which would mean, that not one
event code could be tracked by the observer.

The following dilemma had to be encountered:

• Either all event codes would be sent with disregard to the
chance of not being able to track any of these events via the
monitoring tool or

• Sending an event code for at least 200 ms, which, however,
means that some events would become unnoticed.

The FUGA partners decided on the first alternative, while insist-
ing on the feature that event codes would be reset to a default value
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Figure 17. Process of resetting an event code

(usually 0) after a predefined time amount. This way, the events
are visible as peaks in the graph created by the plotting tool. The
described course has been taken, because the FUGA partners hoped
that the monitoring tool might still be able to display these events,
instead of just leaving some event codes behind.

Figure 17 visualizes the implementation for resetting an event
code. This is accomplished within the Hammer Editor, which is
important for an easier adjustment of the time frame or even imple-
menting another alternative for logging. Such an alternative could,
for instance, be the second mentioned approach (sending an event
code for a specific amount of time while blocking others) for trans-
mitting event codes. All event codes will also be reported to the log
file. An example of the generated output for such a file can be seen
in Figure 18.

Another approach would have been the definition of priorities
among the event codes. However, for judging which event would
be more important than another one, more studies in this area have
to be conducted.



5.4 minimal transmission time constraint 46

Figure 18. Example for an in-game event log
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A U T O M AT E D G A Z E L O G G I N G

6.1 related work

The integration of an eye tracker with a game engine is not a funda-
mentally new concept. In fact, several studies have been pursued
which incorporate this procedure. An interest exists especially in
work combining a Tobii eye tracker and a game engine. Erika Jöns-
son, for instance, has already established the integration of the
Tobii Technology ET-17 with the Source Engine in 2005 (Jönsson,
2005). However, her study focuses on the factor of human-computer
interaction (HCI) and builds on the former version of the Source
engine (used for Half-Life 1). Also a study on automated logging
of viewed game objects has already been established with a Tobii
eye tracker and the HiFi game engine (Sennersten et al., 2007). But
this integration can just be used in cooperation with the Swedish
Defence Research Agency (FOI) and limits the general use of this
integration drastically. Moreover, changes and adjustments to the
code are just allowed to the programmers from FOI. Nevertheless,
a study on the verification of this integration has been published
in February, 2007 by FOI (Sennersten et al., 2007) and can help to
facilitate further work in this area.

6.2 review on eye tracking

Eye tracking has been used frequently in areas like usability evalua-
tion and psychological research. Due to the development of newer
ways to track the eye gaze it is now possible to receive this data
without putting too much discomfort to the subjects using the eye
tracker. However, it is important to distinguish different types of
eye trackers and their characteristics.

Duchowski distinguishes four broad categories of eye tracking
technologies (Duchowski, 2003):

• Electro-Oculography (EOG)

– Measurement of the skin’s electric potential differences

– Electrodes have to be placed around the eye

• Scleral Contact Lens / Search Coil

– Most precise eye tracking method

47
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– Electromagnetic field frames can be placed directly onto
the eye by facilitating contact lens with embedded search
coil

• Photo-Oculography (POG) or Video-Oculography (VOG)

– The corneal reflections of directed infrared light are
measured

• Video-Based Combined Pupil and Corneal Reflection

– Head needs to be steady

– The corneal reflections of directed infrared light are
measured

As described in (Sennersten et al., 2007) different eye trackers
have their distinct advantages and disadvantages for specific pur-
poses, but will not be discussed further at this point. Instead some
features, characterizing the Tobii 1750 eye tracker, will be presented
as follows:

• High accuracy

• Maximal horizontal and vertical range is between medium
and high but is in both cases limited by the head movements

• Subjects are able to move their heads without disturbing the
measurements (fast movements however can lead to errors)

• Time resolution is relatively low (10-50 Hz)

• The duration of a fixation can be determined

• The blinking of an (or both) eye(s) can be detected.

• The costs for the Tobii 1750 are medium (compared to other
eye trackers in this field.

• Illumination and the background picture might interfere with
the tracking process.

The encountered characteristics illustrate the high potential of the
Tobii 1750 eye tracker due to its unobtrusiveness, high accuracy and
ability to cope with head movements. Picture 19 shows a subject
playing Half-Life 2 with a Tobii eye tracker.
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Figure 19. A subject playing Half-Life 2 with a Tobii eye tracker

6.3 tobii software development kit

The Tobii SDK is a collection of programming interfaces provided by
Tobii. It allocates access and control of the Tobii eye tracker hardware
at preferable software levels. In Figure 20 a system overview about
the different Tobii APIs is provided, which has been adjusted to this
particular intended integration.

The eye tracker hardware and the TETServer are responsible for
controlling the different API and application layers. One of the
applications that accesses the eye tracker using the Tobii Eye Tracker
Components API is the Tobii ClearView application. It is a complete
suite of eye tracking tools for gaze data recording while different
kind of stimuli are displayed.

The Tobii Eye Tracker Components API (TetComp) is an interface
containing all necessary tools to programmatically get real-time
high-precision gaze data from Tobii eye tracker hardware. The eye
tracker may reside on any host as long as there is IP connectivity to
the host running the application that uses TetComp.

The TetComp can be divided into different categories as it is
shown in Figure 21

1. Among those components the TetClient is

1 Figure 21 has been adjusted to the particular purpose of integrating the
Tobii eye tracker with the Source engine. A general overview of TetComp is
presented in User’s Guide to Tobii Programming Interfaces (Tobii Technology
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Figure 20. Tobii SDK system overview (based on Tobii Technology
AB, 2005)

the most valuable one for the integration with the Source engine,
because just by deploying this object it is possible to build a complete
eye tracking application.

Figure 21. Tobii eye tracker components (Tobii Technology AB, 2005)

AB, 2005).
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6.3.1 TetClient

The TetClient provides the functionality for an application to com-
municate with the TETServer and thus with the Tobii eye tracker.
It is a COM object, which basically acts as a Tobii Eye Tracker Low
Level API wrapper and can therefore handle calls to the lower soft-
ware abstraction layers. Due to adding the events concept, however,
the TetClient is much more convenient for developers to perform
custom calibrations or receive gaze data as by utilizing the low
level functions. At a maximal (as high as the eye tracker supports)
frequency the user’s eye gaze information is fired as regular COM
events. The ITetClient interface overview, containing all included
methods, properties and events, are listed in Appendix A.3.

6.4 system requirements

6.4.1 Dual Computer Setup

In this study a dual computer setup will be used. This means
that the setup will look similar as shown in Figure 22. In order to
accomplish the integration of the eye tracker and the Source engine
the application computer has to fulfill the system requirements for
Half-Life 2. The application computer provides the Half-Life 2 game
to the player. It includes the automated tracking of viewed game
objects and needs to be connected to the eye tracking computer,
which runs the ClearView application. Thus, the game computer
can connect via network to the TETServer, which delivers the gaze
data from the Tobii Eye Tracker and can then map this information

Figure 22. Dual computer setup (Tobii Technology AB, 2004)
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Figure 23. Illustration of the general course of action for logging
viewed game objects

to the Half-Life 2 world.

6.4.2 Course of Action for Object Logging

An illustration of the course of action is shown in Figure 23. This
approach has been used for the integration of the Tobii 1750 Eye
Tracker with the HiFi engine (Sennersten et al., 2007) and will also be
the approach which will be pursued in this study. So with reference
to Figure 23 the course of action will include four main steps:

1. The game engine renders images to be displayed to the player.

2. Obtaining the gaze data from the eye tracker.

3. Communicate this data back to the game engine, where it
has to be mapped to the 3D game world. This means that
the 2D screen coordinates by the eye tracker will act as an
intersection point of the gaze vector into the 3D world. A
similar method to ray tracing will be used to find out about
the collision of this “gaze trace” with game objects.

4. Write the acquired data to a log file.

6.5 eye tracker integration with the source engine

For the integration of the Tobii 1750 eye tracker with the Source
engine a communication layer had to be developed. The most im-
portant feature to focus on was the ability to receive gaze data and
translate it to game related information. Figure 24 illustrates the
implemented structure pursued in this study. Four classes have been
created within this communication layer and will be discussed in
the following sections.
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Figure 24. Structure for the integration of the Tobii 1750 eye tracker
with the Source engine

6.5.1 EyeLog

EyeLog is a simple logging class for reporting desired information to
a log file. The particular table header for this file has been described
in Section 3.2.3 (page 21) and contains:

• Timestamp (in milliseconds)

• Counter

• Object Identification

• Gaze Position (x- and y-coordinate of the the left and right
eye)

An example of a generated log file containing this data is shown in
Figure 25.

Figure 25. Excerpt from a generated gaze log file

6.5.2 TClient and TClientSink

The TClient and TClientSink classes are the actual parts mediating
between the TetComp library and the Source engine. The TClient is
just responsible for initiating, controlling and checking the TetServer.
Whereas the TClientSink acts as an event handler class. This means
that the important feature of receiving gaze data is handled in the
function OnGazeData in the TClientSink class.
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6.5.3 EyeTrackingEntity

The EyeTrackingEntity is a server-sided entity to be used in the Ham-
mer Editor. Output events like ”StartTracking” and ”StopTracking”
are included for a more controlled application of the eye tracking
functionality. This means that starting and stopping of the log-
ging process can be dependent on specific in-game processes (for
example: loading a level). A hard-coded approach might lead to
undesired lags while loading the game.

6.6 matching eye gaze data with game assets

After achieving a successful communication between the tetcomp
library and the Source engine the next task is to use the received eye
gaze data to find out what assets are looked at. This can be broken
down in several tasks:

1. Transformation of 2D screen coordinates to 3D game world
coordinates

2. Send a trace from the player through the calculated point and
retrieve the first object, which is hit

3. Retrieve the particular object identification

4. Write necessary information to a log file

6.7 considerations

Several issues have to be taken into account when utilizing the
viewed object logging modification. Two main categories can be
classified which need special attention:

• Scenario Creation

• Logging Accuracy

6.7.1 Gaze Logging Modified Scenario Creation

Labeling Game Assets

Due to the desire to automatically track what the player is focusing
on, the object ID of the viewed item will be reported to a log file.
This, however, means that all game assets used in a level must have
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Properties prop_static prop_dynamic prop_physics

Animation No Yes Yes
Movement No No Yes
Breakable No Yes Yes
Part of Hierarchy No Yes Yes
Collision Detection Yes Yes Yes
Other Physic Properties No No Yes
Shadows Lightmap Dynamic Dynamic
Labeling No Yes Yes
Rendering Cost low medium high

Table 4. Prop_static, prop_dynamic and prop_physics in comparison

unique names to distinguish them from each other. All Half-Life 2

levels consists at least to some degree of textured geometry objects
(brushes), which do not comprehend any labeling by default. There
is, however, the possibility to substitute these brushes with brush
entities. Either the level designer chooses one of the already imple-
mented brush entity versions (e.g. func_brush or func_detail) or
creates a new brush entity for which tutorials are available (amongst
others) on the Valve Developer Community Website2

The labeling issue is not limited to just brushes, though. Besides
brushes, props are commonly used in Half-Life 2 maps. Props are
code-simulated model entities and form a group of various prop
entity categories with their distinct models and functions. The three
most frequently applied prop categories in Half-Life 2 are:

• Prop_static

• Prop_dynamic

• Prop_physics

An overview describing these different types (including some ex-
amples) are presented in Table 4. Unfortunately, static props do
not have the feature to assign any names to its particular instances
(the other two prop types do). Since models are often registered
for more than just one prop category, the possibility to substitute a
static prop with, for instance, a dynamic prop is usually provided.
It has to be clear that not all models provided in the Source’s model
library can be used by a desired prop type, though. Which prop

2 http://developer.valvesoftware.com
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types a particular model does support can be checked in the model
browser (within the Hammer Editor for instance).

6.7.2 Logging Accuracy

Lag Avoidance during Gameplay

Although a fluent gameplay is usually desired in general, it is more
important in context of the ”Viewed Object Logging” modification.
The additional effort for handling the gaze data and with that,
tracing the viewed game assets can lead to undesired lags and
to inaccurate results due to delayed data logging. Therefore, a
fluent gameplay for conducting the experiments has to be ensured.
For experiments containing more than one level, it is advised to
trigger ”StartTracking” after finishing loading a new level (and
”StopTracking” before quitting respectively).

Incomplete Verification Studies

Due to the timely constraints, it has not been possible to finish an
extended verification study on the accuracy of the viewed object
logging within Half-Life 2. Since this is not the first study on the
integration of a game engine with a (Tobii) eye tracker, it is ap-
propriate to be aware of problems, which have occurred during
those projects and also about feasible solutions. This way, time for
own verification studies can be decreased. Thus, some errors and
problems, which have been mentioned by FOI (Sennersten et al.,
2007) shall be stated at this point:

• Rendering problems

• Obscuration problems

• Collision detection errors

• Spatial ambiguity

• Physics errors

• Other engine errors

Small sample runs have already been performed with the inte-
grated Half-Life 2 object logging to begin pinpointing sources for
problems. Some issues, mentioned by FOI, could be encountered
in this integration as well. Thus, it is recommendable to refer to
the verification study on the integration of the HiFi engine with the
Tobii 1750 eye tracker (Sennersten et al., 2007) for further verification
studies in this area.
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C O N C L U S I O N

This internship paper presented a possible approach for the devel-
opment of a psychophysiological system for use in cognitive game
experiments within the context of Half-Life 2. The created logging
framework presented in this study has been used by the FUGA
project for their studies on the fun of gaming. A conclusion on the
development and a discussion on the outcome will be made. In
addition, future prospects will be discussed. A final section about
the authors personal experiences during her internship at the CISGS
group has also been added.

7.1 evaluation of development steps

As described in Section 3.3, the development of the psychophysio-
logical logging system was carried out in a three-fold process. Each
of these three steps contains its distinct characteristics and revealed
specific challenges. The gained experiences and the outcome of each
part will be discussed in the next paragraphs.

Scenario Creation

Working with the Source SDK revealed promising results, but also
showed how limited modding tools often are. Creating levels similar
to existing Half-Life 2 maps is relatively simple after getting used to
the Hammer editor. Nevertheless, creating comprehensive levels is a
more time-consuming task. The Source SDK tools enable developers
to create sophisticated scenarios given enough time and support. In
addition, various forms of literature exists on level creation with the
Source SDK with varying quality. These include tutorials and forums
on the internet but also books like ”Half-Life 2 Mods For Dummies”
by Guilfoyle (Guilfoyle, 2007). Although the Source SDK tools are
elaborate, they fail when trying to implement specific dynamic
conditions. An example for these are simple logical constructs,
which often have to be built with several different entity layers.
Thus, making it more difficult to maintain a clear structure.

As mentioned in Section 4.1.2 (page 30) challenges during level
creation have arisen due to inadequate communication and man-
agement. Although constructive feedback is highly appreciated, a
constant change of requested features is bothersome during devel-
opment and results in slowing down the process as a whole. On the
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other hand, no feedback at all showed to be even more destructive.
This lack of communication lead to the situation that especially the
”Success/Failure Manipulation Experiment” mod had to be adjusted
after delivering the final product. The difficulty in the levels had to
be lowered and the playing time for the ”Church Walk” level had to
be increased. After all it can, however, be positively mentioned that
the created levels found high approval and will therefore be used in
upcoming experiments by the FUGA partners.

In-Game Logging

Working with the Source engine turned out to be a highly compli-
cated undertaking due to its enormous size with more than 5000

source code files amounting to 300 MB of pure source code. Even
a small task can quickly become as difficult as looking for a nee-
dle in a haystack. In addition, the Source engine’s utmost limited
documentation contributed to this confusion.

After some test runs and the utilization by the FUGA partners,
it can be concluded that the in-game logging has worked as antic-
ipated. More feedback on specific adjustments for improving the
system is welcome. The chosen approach to design a logging entity
which can easily be adjusted with the Hammer editor has been
found as highly useful for easy maintenance of logged events by
other developers in the CISGS team.

The logging framework still offers room for improvement as
mentioned in Chapter 5 (see page 35). More tests on its accuracy
should be conducted. Therefore, a verification study needs to be
carried out. After completing the verification study, a more advanced
system could be developed integrating more functionalities and
a more extensive event code list. Additional functionalities may
include logging of key inputs and the distance to targeted NPCs.

Eye Tracking

The opportunity to log what the user’s attention is focused on is
interesting especially in a dynamically changing environment. The
conducted eye tracker integration provided this great feature. Al-
though the generated eye gaze logs show promising results, the
integration still lacks a certified verification study on its accuracy.
Nevertheless, the presented implementation offers an excellent foun-
dation for further work (see Section 7.2, 59) combining Tobii eye
trackers with the Source engine (thus expanding the number of
game engines that work with Tobii eye trackers).

The documentation and source code samples (Tobii SDK) pro-
vided by Tobii Technology AB proved to be very useful and eased
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the learning process for programming the required integration.
Additional adjustments on logged data and other desired features

followed the actual implementation phase. This was due to missing
feedback during the concept and implementation phase. Additional
data columns have been added to the log table and the header
contains new information, e.g.: player ID, questionnaire ID (for
experiments), etc.

7.2 further work

After presenting a psychophysiological logging framework within
Half-Life 2 in this internship thesis, the question remains, what
the next steps shall include. The FUGA project will continue its
studies on the fun of gaming at least until 2009. Thus, the developed
logging system will continue its usefulness for these studies. The
CISGS team will be responsible for the adjustment and further
development of the system. This should also include an extensive
verification study.

In addition, further development has already been made by in-
tegrating an eye steering functionality to Half-Life 2. The player
character automatically turns to the spot where the player is looking
at. Thus, the in-game player representation mimics intuitively the
player’s head movement. Studies on its usability and its usefulness
still need to be accomplished.

After verification and further development, the evaluation of
results has to be addressed. This might reveal new ways of using
and interfacing with digital games and widen the general perception
for this area.

Based among others on the experiences gained from the devel-
opment of a psychophysiological framework within Half-Life 2,
another integration has been performed by Sasse (Sasse, 2008). He
developed a component based framework for psychophysiological
data acquisition within XNA that plugs directly into the TorqueX
engine.

7.3 personal remarks

This final section will deal with some personal remarks from the
author’s point of view about her internship at the CISGS research
group.

Before coming to Sweden for attending an internship in the area
of game research, I was highly motivated. I was eager to work on a
project incorporating games and science, where I finally could put
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my knowledge gained at University to use. After spending more
than half a year as a CISGS member, I can conclude the following:
team management is a crucial factor in software development! It
was a great experience to work on an international project with
team partners from four different European countries. The tasks
were challenging, which was highly motivating. There was even the
opportunity to travel on a business trip to Helsinki for adapting the
logging framework to the PSYLAB system. So after all, I can note
that it has been a great although stressful time and I can proudly
look back at 7 months where I have learned a lot about eye tracking,
games, modding, Sweden and team work, of course.

The importance of extensive team organization is unfortunately
often underrated. Special attention has to be paid to adequate com-
munication, efficient organization, transparent task distribution, etc.
These aspects have, however, been often neglected in the CISGS
group, which at times caused confusion and frustration. To my
mind, the interest in my work remained unfortunately relatively
low during my stay. After finishing my internship and returning
to Germany, this changed a bit. This was mainly due to the fact
that I was the only person in the group who had worked in detail
with the logging implementation in the Source engine. This is one
reason why this internship thesis turned out to be more detailed
than originally anticipated, because it is additionally meant as a
basic documentation on the delivered work. Since the CISGS group
is a relatively young research group and is still under construction,
there is a lot of potential for the future. I hope that the group will
develop in a more communicating and collaborating direction. So
Craig, Lotta, Lennart and Dennis: keep up the great work!
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G L O S S A RY

api An Application Programming Interface is a source code inter-
face that an operating system or library provides to support
requests for services to be made of it by computer programs.

cisgs The ”Cognition, Interaction, Simulation and Game Science” re-
search group is part of the school of technoculture, humanities
and planning at the Blekinge Institute of Technology, Swe-
den. It does psychophysiology and cognition based game,
interaction and simulation research.

ckir Center for Knowledge and Innovation Research at the Helsinki
School of Economics is an international multidisciplinary
research center.

clearview ClearView is a software tool provided by Tobii Tech-
nology to operate Tobii equipment and to analyze output
data.

dll A Dynamic Link Library is Microsoft’s implementation of the
shared library concept in the Microsoft Windows and OS/2

operating systems. It can contain a combination of code, data,
and resources, which once loaded into the memory of a com-
puter, can be used by multiple applications simultaneously.

ecg Electrocardiography is the recording of electrical potentials gen-
erated by the heart during each cardiac cycle.

eda Electrodermal Activity, commonly known as skin conductance,
is an important psychophysiological index of arousal.

eeg Electroencephalography is a widely used method to measure
brain electrical activity.

emg Facial Electromyography provides a direct measure of the elec-
trical activity associated with facial muscle contractions.

first-person Any game where the player views the action through
the eyes of the player character for most or all of the gameplay.

fuga A research project funded by the European Community. The
project comprehends six research partners from four different
countries. Their interest focuses on measuring the human ex-
perience of media enjoyment, in specific: the FUn of GAming.
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game engine A game engine comprehends the core structure of
any computer game. The use of a game engine eases content
creation for a digital game. A lot of the core technology of a
game, including scripting, level design, networking, artificial
intelligence, etc. is handled by the game engine.

mod Short for modification: A player- or professionally-developed
enhancement to a game that updates or changes the game’s
existing content.

psylab A computer based system for performing experiments (for
example EEG, EMG, etc.) in human psychophysiology by
”Contact Precision Instruments”.

sdk A Software Development Kit is a set of tools, APIs and doc-
umentation to assist with the development of software in a
specific operating environment.

xna XNA is a set of tools provided by Microsoft to facilitate the
design, development and management of computer games in
one single system. XNA is based on the .NET Framework 2.0
and includes an extensive set of class libraries and components
specific to game development in order to allow maximum
code reuse among different game projects. Games written in
XNA can be run on Windows XP, Windows Vista and the
Xbox 360.



A
A P P E N D I X

a.1 case study on the deployment of captured npcs

The following tables show the deployment of the captured NPCs in
the “Rescue Action”. More extensive studies have to be conducted
to prove the functionality of the implemented course of action to
provide the random use of specific NPC models, attitudes towards
the player and facial expressions.

Counter Friendly Opposing Smiling Frowning

1 X X
2 X X
3 X X
4 X X
5 X X
6 X X
7 X X
8 X X
9 X X
10 X X
11 X X
12 X X
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Counter Friendly Opposing Smiling Frowning

1 X X
2 X X
3 X X
4 X X
5 X X
6 X X
7 X X
8 X X
9 X X
10 X X
11 X X
12 X X

Table 5. Case 1 and 2 (without pictures) on the deployment of
captured NPCs
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Counter Friendly Opposing Smiling Frowning Picture

1 X X

2 X X

3 X X

4 X X

5 X X

6 X X

7 X X

8 X X

9 X X

10 X X

11 X X

12 X X

Table 6. Case 3 (with pictures) on the deployment of captured NPCs
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a.2 complete list of predefined events

a.2.1 Expression/Action Congruency Experiment Modification

Event Code Event Description

250 Scenario start
5 End of the briefing
105 Pressing the red button
11 NPC type 1: ally/smiling revealed
12 NPC type 2: spy/smiling revealed
13 NPC type 3: ally/frowning revealed
14 NPC type 4: spy/frowning revealed
106 The zoom-in to NPC’s face ends
55 PC fires a gun
56 PC is damaged
57 PC is killed
58 PC is respawned
62 NPC type 2 attacks
64 NPC type 4 attacks
21 Damage to NPC type 1

22 Damage to NPC type 2

23 Damage to NPC type 3

24 Damage to NPC type 4

31 Saved NPC type 1

33 Saved NPC type 3

41 Killed NPC type 1

42 Killed NPC type 2

43 Killed NPC type 3

44 Killed NPC type 4

107 NPC thanks and gives reward
108 PC picks up the reward
255 End of the scenario
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a.2.2 Success/Failure Manipulation Experiment Modification

Event Code Event Description

251 ”Easy” level started
252 ”Flow” level started
253 ”Frustrating” level started
55 PC fires a gun
56 PC is damaged
57 PC is killed
58 PC is spawned

NPC Death Events
71 NPC_Barnacle has been killed
72 NPC_FastZombie has been killed
73 NPC_HeadcrabBlack has been killed
74 NPC_HeadcrabFast has been killed
75 NPC_HeadcrabPoison has been killed
76 NPC_Headcrab has been killed
77 NPC_PoisonZombie has been killed
78 NPC_Zombie has been killed
79 NPC_ZombieTorso has been killed

NPC Damage Events
81 NPC_Barnacle has been damaged
82 NPC_FastZombie has been damaged
83 NPC_HeadcrabBlack has been damaged
84 NPC_HeadcrabFast has been damaged
85 NPC_HeadcrabPoison has been damaged
86 NPC_Headcrab has been damaged
87 NPC_PoisonZombie has been damaged
88 NPC_Zombie has been damaged
89 NPC_ZombieTorso has been damaged
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Event Code Event Description

NPC Attack Events
91 NPC_Barnacle has attacked
92 NPC_FastZombie has attacked
93 NPC_HeadcrabBlack has attacked
94 NPC_HeadcrabFast has attacked
95 NPC_HeadcrabPoison has attacked
96 NPC_Headcrab has attacked
97 NPC_PoisonZombie has attacked
98 NPC_Zombie has attacked
99 NPC_ZombieTorso has attacked
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a.3 itclient interface overview

ITetClient quick references provided by Tobii (”User’s Guide to Tobii Programming
Interfaces”, Tobii Technology AB, 2005) in the following tables.

Method Description

Connect Connect to an eye tracker.
Disconnect Disconnect from an eye tracker.
StartTracking Start gaze tracking.
StopTracking Stop gaze tracking.
GetNumPendingPostGazeData Tell how many gaze data samples there are left

in the gaze data queue.
GetTimeStamp Get current Tobii time stamp.
LoadCalibrationFromFile Load the eye tracker with a calibration stored

in a file.
SaveCalibrationToFile Save the calibration in use to file.
ClearCalibration Clear the calibration under construction.
AddCalibrationPoint Start the sampling of the gaze data to the cali-

bration under construction.
InterruptAddCalibrationPoint Interrupt the adding of a calibration point.
CalculateAndSetCalibration Set a new calibration in use based on the cali-

bration under construction.
GetCalibrationResult Get information about the calibration.
RemoveCalibrationPoints Remove points from the calibration under con-

struction.
PerformSystemCheck Check if there are any system errors present.
GetSerialNumber Get the hardware serial number.
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Property Access VC++ Type Description

IsConnected Read VARIANT_BOOL Whether connected to a
TETServer or not.

IsTracking Read VARIANT_BOOL Determines if the TetClient
is receiving gaza data from
the TETServer.

ServerAddress Read BSTR If connected, gives the TET-
Server IP host address.

PortNumber Read LONG If connected, gives the TET-
Server IP host number.

SynchronizationMode Read TetSynchronization-
Mode

Determines which time
base the received gaze data
has and which time base
the method GetTimeStamp
returns.

IsAddingCalibrationPoint Read VARIANT_BOOL Determines whether the
TClient is currently in pro-
cess of adding a calibration
point.

GazeDataDelivery Read/
Write

TetGazeData-
Delivery

Determines how the Tet-
Client handles firing of
gaze data events.

Table 7. ITetClient Properties Quick Reference
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Event Description

OnTrackingStarted Tracking was successfully started.
OnTrackingStopped Tracking was stopped programmatically or

by an error.
OnGazeData There is new gaze data available.
OnPostGazeData There is new gaze data available (TetGaze-

DataDelivery_Post).
OnAddCalibrationPointStarted Calibration was successfully started.
OnAddCalibrationPointEnded Calibration was stopped programmatically

or by an error.
OnCalibrationGazeData There is new gaze data available during

calibration.
OnPostCalibrationGazeData There is new gaze data available during

calibration (TetGazeDataDelivery_Post).

Table 8. ITetClient Events Quick Reference
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