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In military training contexts, short and long term 
decisions, where survival and security are priori-
tized, are intermixed. Simulation-based training, 
here applied to ground patrols in Afghanistan, can 
provide preparation for mission critical and life 
critical operations prior to exposure to real dan-
ger. Optimising the effectiveness of simulation-
based training raises the need for more detailed 
representations of the competences required, 
both for simulation design and for evaluating sim-
ulation effectiveness. These needs are here con-
sidered in terms of three research questions. 

The first research question asks how objects 
trigger dialogue in observational tasks. Eye gaze 
tracking and recorded dialogue provide a foun-
dation for proposing the cognitive operational 
structures behind how objects and dialogue are 
structured when people work together when col-
laborating in simulation-based training sessions. 
The objects are tracked along with related obser-
vational tasks and the communication between 
people in a team in ground vehicles and in the 
Tactical Operations Centre (TOC).

The second research question asks how the re-
sults of simulation-based training for emergency 
situations can be described and evaluated. 

The last research question asks how debriefing 
and learning create and refine cognitive compre-
hension, the competency developed in a group. 
Low level visual cognition in a tactical environ-
ment is explored using an eye gaze tracking sys-
tem integrated with a simulation environment. 
The integrated system has been evaluated, its 
accuracy characterized, and the system was then 
used to evaluate hypotheses related to visual 
queuing and target selection. 

The research questions are then explored more 
broadly based upon two exploratory field studies 
of simulation-based training sessions held for mili-
tary staff before leaving for ISAF in Afghanistan. 
Study methods here include eye gaze tracking, 
video and audio recording, behavioral observa-
tion and retrospective questions. The field studies 
were conducted at the Swedish Life Guard Regi-
ment sub-departments:  International Training 
Unit(IntUtbE), pre-deployment training for Peace 
support operations, and Swedish Armed Forces 
International Centre (SWEDINT), with their Sim-
ulation, Modeling and Practical Platform.

Based upon data obtained in the field studies, 
cognitive models of decision processes involved 
in operational task performance are developed to 
provide a basis for answering the research ques-
tions. Cognitive modelling begins with the Belief, 
Desire and Intension (BDI) model. This model is 
then modified in several steps to cover different 
levels of decision making revealed by the field 
studies, including an intrapersonal and organiza-
tional layer, an educational layer, a layer where 
objects are build into the algorithm as a basis for 
purposive behavior, and finally a team competency 
layer built largely during debriefing sessions.  

These models can be used to evaluate simu-
lation-based training effectiveness, to provide 
feedback both in real time and retrospectively 
to trainees and teams, and potentially could be 
used in operational systems to provide real-time 
information about individual and group state dur-
ing operations, for decision enhancement, and 
potentially as elements of the implementation of 
automated operational forces. 
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SETTING THE SCENE 
This thesis has different aspects for reaching its goal in forming a practical toolset or 
digital system that makes it possible to train a team, take complexity into account and 
still operate within the given framework. The main purpose is to save lives in mission 
critical operations. The different aspects here are the UN mandate and its rules, the team 
operating in relation to those rules, and how to understand a complex adaptive system.   

United Nations principles of peacekeeping includes three basic principles that traditionally 
have served and continue to set United Nations peacekeeping operations apart as a 
framework for maintaining international peace and security:  

• Consent of the parties  
• Impartiality 
• Non use of force except in self-defence and defence of the mandate 

 
The meaning and the relationship between the principles are important, as understood by 
all those involved in the planning and the conduct of these operations.  The principles 
provide a navigation aid, or compass, for practitioners both in the field and at United 
Nations Headquarters (United Nations, 2008). The science of complex adaptive systems 
concept of studying `in betweens´ (Miller and Page, 2007) is especially relevant for some 
of the most pressing issues in our modern world of globalization, sustainability, 
combating terrorism, preventing epidemics and so on.  

  

 
 A busy street with people in Afghanistan (Photo by Adén, 2005) 

To be able to build the toolset, the Belief, Desire and Intention (BDI) model is applied 
and also extended and elaborated to meet these requirements. The extension of the BDI 
model made in this thesis provides a foundation for answering the following primary 
research questions: 
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RQ1: How do objects trigger dialogue in observational tasks? 

RQ2: How can the results of simulation-based training for emergency situations be 
described and evaluated?  

RQ3: How do debriefing and learning create the cognitive comprehension that is the 
competency developed in a group? 

GUIDELINES TO THE READER OF THE DISSERTATION 
This dissertation is a multidisciplinary work which does not fall within one single discipline 
and to build the toolset this work is rather a work of applied engineering research. The 
intended readers are instructors, practitioners within various fields in team collaboration, 
simulation designers, cognition and AI researchers. 

Core concepts of this dissertation are:  

simulation, 

simulation-based training, 

cognitive processes,  

physiological sensors, and 

team based training. 

LIST OF PUBLICATIONS 
Publications written as part of this project are listed here with pointers to specific 
chapters in this dissertation so that more detailed material can be accessed as required. 

Licentiate thesis 

Sennersten C. (2008). GAMEPLAY (3D Game Engine + Ray Tracing = Visual Attention 
through Eye Tracking), Blekinge Institute of Technology, Sweden. 

This licentiate provides a detailed investigation of low level details of visual cognition in a 
tactical simulation of combat in the form of a first-person shooter game. The thesis 
describes the development and verification of an integrated system where a Tobii 
eyetracking system is linked in real time to a computer game engine to provide 
automated logging of which virtual objects are gazed upon during execution of the 
simulation. Verification included a mathematical analysis of the spatial and temporal 
accuracy of the integrated system, and validation of the use of the system to test several 
hypotheses concerning visual cognition in this environment, including cuing effects of the 
gun graphic and the influence of distance upon target selection. The thesis also includes 
discussions of the methodology suitable for the study of game/simulation interaction. 

Chapters of Books  

Lindley C. A. and Sennersten C. (2008). “An Innovation-Oriented Game Design Meta-
Model Integrating Industry, Research and Artistic Design Practices”, Extending 
Experiences, Fernandez A., Leino O. and Wirman H. eds., University of Lapland Press, 
Finland. 
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This publication presents a high level model showing interrelationships between industrial 
game design, game education, research and artistic practice. It provides a high level 
view of the industrial and academic contexts of this thesis.   

Refereed International Journals 

Sennersten C. and Lindley C. A. (2010). “Real Time Eye Gaze Logging in a 3D 
Game/Simulation World”, Measurement Technology and Intelligent Instruments IX, 
Key Engineering Materials, Vol. 437. See Appendix C. Initially presented at The 9th 
International Symposium on Measurement Technology and Intelligent Instruments 
(ISMTII-09), June 29 - July 2, 2009, Saint-Petersburg, Russia. 

This paper presents an analysis of the interrelationship between externally measured 
gaze behavior (strongly defined measures) and subjectively reported data based upon 
questionnaires (weakly defined measures), exemplified by the FPS combat simulation 
task. The paper is part of the definition of methodologies underlying this thesis. 

Lindley C. A. and Sennersten C. (2007). “Game Play Schemas: From Player Analysis to 
Adaptive Game Mechanics”, International Journal of Computer Game Technology, Vol. 
1, Issue 1, [online journal], Q4. http://www.hindawi.com/journals/ijcgt/q4.2007.html. 

This paper discusses presents a cognitive and emotional accounts of the motivations and 
rewards of gameplay, arguing for additional factors specifically arising from cognitive 
involvement. The paper then goes on the describe and exemplify the use of cognitive 
schema models as abstractions describing the decision processes involved in gameplay 
and mapping from perceptual events to motor actions. This early schema-based 
approach is superceded in this thesis by a more elaborate, multi-layered model of 
cognitive processes ranging from detailed, personal cognition (as discussed in the paper), 
through the level of groups and to overall decision policy for organizations.   

International Conferences Etc. 

Sennersten C., Castor M., Gustavsson R. and Lindley C. (2010). “Decision processes in 
simulation-based training for ISAF vehicle patrols”, NATO Research and Technology 
Organisation, HFM-202 SYMPOISUM on <<Human Modelling for Military Application>> 
Amsterdam, The Netherlands, 18-20 October. (In progress). 

In this paper, the Belief, Desire and Intention (BDI) model of cognition is extended and 
used when going from individual to organizational levels, and going through education 
into mission critical operations. The cognitive models and architectural solution models 
presented are proposed for measuring cognitive and physiological processes when 
interacting in a simulation or game, or in actual operations. The suggestion for team 
performance is to implement a team radar for collaboration purposes. The models 
presented are derived from data obtained in two field studies of simulation-based training 
in preparation for ISAF missions in Afghanistan.    

Sennersten C. and Lindley C. (2009). “An Investigation of Visual Attention in FPS 
Computer Gameplay”, VS-GAMES’09: Games and Virtual Worlds for Serious 
Applications, March 23-24, Coventry, UK. 

This paper presents the real-time logging by the HiFi Engine and the eyetracker and the 
use of this instrument to test three hypotheses concerning low level cognitive decisions 
involved in visual perception and action, tested in First Person Shooter (FPS) gameplay. 

http://www.hindawi.com/journals/ijcgt/q4.2007.html�
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The game tasks are navigation and tactical combat operations for a single virtual soldier 
controlled by the user from a first person visual perspective. 

Lindley, C. A., Nacke L. and Sennersten C. C. (2008). “Dissecting Play – Investigating 
the Cognitive and Emotional Motivations and Affects of Computer Gameplay”, 
CGAMES, 3-5 November, Wolverhampton, UK. 

This paper presents an account of gameplay motivations and rewards, based upon both 
emotional and cognitive factors, and including results from psychophysiological 
investigations into gameplay. 

Sennersten C. and Lindley C. (2008). “Evaluation of Real-time Eye Gaze Logging by a 
3D Game Engine”, 12th IMEKO TC1 & TC7 Joint Symposium on Man Science & 
Measurement, September 3 – 5, Annecy, France. 

This paper describes the interconnection between the Tobii eyetracker and the HiFi 
engine, together with the characterisation of the temporal and spatial accuracy of the 
integrated system. This paper is a summary of Sennersten et al, 2007. 

Lindley C. A., Nacke N. and Sennersten C. (2007). “What does it mean to understand 
gameplay?”, Ludic Engagement Designs for All (LEDA), 28-30 November, Aalborg 
University Esbjerg, Denmark. 

This paper presents an overall approach to the study of simulation and game interaction 
that incorporates hermeneutic meta-theory with scientific and empirical methods of 
investigation, as part of the methodological foundations of this thesis. 

Lindley C. A. and Sennersten C. (2006). “A Cognitive Framework for the Analysis of 
Game Play: Tasks, Schemas and Attention Theory”, Workshop on the Cognitive 
Science of Games and Game Play, The 28th Annual Conference of the Cognitive 
Science Society, July 26-29, Vancouver, Canada. 

This paper presents a detailed methodology for conducting studies of games and 
simulations from a cognitive science perspective. Modes of validity (construct validity, 
reliability and predictive validity) are discussed and a general model of the necessary 
interrelationships between description spaces of games/simulations, user/player features 
and interaction patterns, in relation to an underlying cognitive architecture model, are 
presented. This paper is a methodological precursor for this thesis. 

Methodology Technical Report 

Sennersten C. Alfredson J., Castor M:, Hedström J., Lindahl B., Lindley C. and 
Svensson E. (2007). Verification of an Experimental Platform Intergrating a Tobii 
Eyetracking System with the HiFi Engine, Swedish Defence Research Agency –FOI, 
FOI-R—2227—SE, Sweden.  

This report presents a detailed description of the technical architecture integrating the 
Tobii eyetracking system with the HiFi game/simulation engine. The verification 
methodology and resulting evaluation data are presented in detail, and a spatial and 
temporal accuracy model is presented, based upon the analysis of this data.  
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THE STRUCTURE OF THIS THESIS 
The chapters in this thesis (excluding the current chapter) are as follows.  

`Requirements´ behind this work are primarily concerned with effective training, 
protecting peoples’ lives, and how to support this in simulation-based training. The core 
concepts addressed by the dissertation are introduced. 

`The State of the Art´ is a summary of the current state of knowledge and practice in 
military simulation-based training based upon information from academic research 
publications, NATO reports, company activities, and articles from military magazines. The 
research questions addressed by the thesis are presented as a context for discussion of 
the state of the art.  

The chapter `Shortcomings´ identifies key issues remaining to be solved given the State 
of the Art of military simulation-based training in relation to the motivation of the 
dissertation. The shortcomings represent a gap highlighted by the research questions; 
this gap should be filled in order to fully satisfy the requirement of this work. However, 
full implementation of a solution is beyond the scope of this dissertation. Rather, the aim 
is to develop conceptual models and undertake initial field and conceptual studies of the 
domain, together with gathering of examples of more detailed domain knowledge, as an 
applied research project laying foundations for later, more complete solutions.    

The chapter `Approach´ provides a high level view of how the simulation-based military 
training domain will be approached in this dissertation. This includes a description of the 
empirical methods used for field studies, and the methodology used to study and model 
decision processes in this domain, founded upon the Belief, Desire and Intention (BDI) 
model of human reasoning (Bratman, 1999/87, Georgeff, 1989, and Wooldridge, 2000). 
The subchapters detailing the methods and experiments present the tools used both 
within the training process and for the field studies, and the simulation-based military 
training scenarios from SWEDINT. 

`Models´ includes 1) a subsection on conceptual models, starting with the BDI model 
and then extending and modifying this to meet the modeling demands derived from the 
field studies, as well as 2) a series of architecture models describing tools and systems 
used and proposals for how these might be extended from a core of cognitive models of a 
form such as those developed within this dissertation. 

The `Design and Implementation´ chapter then presents detailed outcomes of the field 
studies, including possible plans and plan elements, and gaze behavior processes. For 
further development of the use of these kinds of cognitive models within training or 
operational contexts, these plans could be implemented and further extended and 
studied. 

The `Validation´ chapter presents answers from a retrospective questionnaire completed 
by participants after a simulation-based training session studied in the field studies. The 
answers and the comments validate the identification of issues addressed by the 
dissertation and provide a basis of confidence that the cognitive modeling method may 
provide substantial benefits for military simulation-based training. 

From the insights and learning outcomes of the work, the chapter `Suggested 
Experiment´ presents a proposed system concept for team-based training based upon 
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input data collected from psychophysiology sensors, and a form of output display, 
referred to as the team radar. This system represents a short term proposal for a 
technical enhancement to the training environment inspired directly by the field studies 
and cognitive modeling conducted for this dissertation. 

The `Conclusion´ provides answers to the research questions motivating the 
dissertation, as revealed by the field studies and conceptual modeling and analyses 
carried out in the dissertation. `Future Work´ then briefly presents what a more 
extended system might be like and how it could be used.  
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INTRODUCTION 
This dissertation is built upon the author’s licentiate, Gameplay (3D Game Engine + Ray 
Tracing = Visual Attention through Eyetracking, Sennersten, 2008). Previous work in the 
licentiate focused on individual visual attention during in-game task performance by 
players where the main methodological innovation was the use of novel apparatus 
created by interconnecting an eyetracker with a simulation engine to allow automated 
real time logging of gaze direction falling upon in-game objects. Much of this work was 
carried out in collaboration with FOI, the Swedish Defence Research Agency. The FOI 
report written by the author  in collaboration with FOI staff (Sennersten et al, 2007; FOI-
R-2227-SE) is mentioned as one of the studies in the FOI yearly report `From CGF1 to 
HBR2

As a continuation from this former work and context, the current thesis zooms out to 
shape a system that can be used in team training of human operational teams using 
simulations. We all know that even if we have different roles in a context we may 
sometimes wonder why things do not work or why people may not understand each 
other’s different ways of doing the same thing. How can we shape comprehension in 
team-based situations and when is comprehension support most valuable for different 
people/roles? This application has relevance both to the training of human military 
operational staff, and also provides foundations for automation of operations, although 
human training is the focus of the current dissertation. 

 and operation area analysis´ (2008); the research area is Operational Research, 
Modeling and Simulation, FOI-R-2627-SE. The relation to CGF emphasizes the link to 
automation of military operations and the relevance of cognitive and behavioral 
modelling in this context. 

At the Swedish Life Guard Regiment, Swedish and foreign officers are trained to prepare 
staff to lead multinational peace operations within the frame of the UN Partnership for 
Peace (PfP). From all over the world, officers, police, diplomats and civil servants from 
government administrations and nongovernmental organizations come to the Swedish 
Armed Forces International Centre (SWEDINT), which is a part of the Life Guard 
Regiment. Here they are educated to work in multinational brigade staff. All courses are 
in English and around one thousand students from fifty nations study yearly at the Life 
Guard Regiment.  

IntUtbE, the pre deployment training for peace support operations unit within the Life 
Guard Regiment, is working to train people with an emphasis on human-human 
communication with support from simulation/game technology for mental preparation 
and decision support3

SWEDINT´s education and infrastructure is built on implementation of modern technical 
support and systems in staff training. The technical and educational platform is being 
used to develop more modern training- and pedagogical methods. The platform includes 

. From a Human Computer Interaction perspective the aim is to use 
technology to get to know geographically distant circumstances and the culture within a 
group where group participants will train and be educated for routines and tasks that 
they may meet when arriving in another part of the world. 

                                          

1 Computer Generated Actors (build upon many sciences such as computing, modelling 
and simulation, cognition, AI, physiology and psychology). 
2 Human Behavior Representation 
3 Instructor Christian Christensen 3/12-2009, personal communication. 
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Advanced Distributed Learning (ADL), Mobile Education and Training Team (METT), 
Simulators for peace, Serious Games and Geographical Information System (GIS). The 
ADL is traditional learning but will now be practiced in Virtual Battle Space 2ᵀᴹ 
(VBS2)4

The high level aim is in keeping with the justification: “The increasing focus of the 
Swedish Armed Forces to participate in international peacekeeping operations requires 
knowledge of the importance of cultural and social differences and effects. Today these 
are very important to be able to demonstrate in education and training, both in terms of 
impact on cooperation as well as the effects it has in terms of contact with people in a 
field of action.” (Nilsson et al., 2008). Simulations and simulators can manifest cultural 
and social differences and their effects, and are of interest from different perspectives 
when it comes to skill based training where preparation for upcoming events can be met 
to an estimation of 50%, with real practical training covering the other 50%. The mental 
models required to function effectively in different scenarios can be build up on 
beforehand using simulation based training, providing mental preparation for tasks and 
how to solve them in different circumstances.  

.Commanding officer Thomas Karlsson introduces their latest Course Catalouge 
2010 (Försvarsmakten, 2010): “SWEDINT conducts individual training and education for 
military, police and civilian staff personnel in support of Peace Support Operations led by 
UN, NATO, EU or other regional organizations. Our focus is to be as integrated as 
possible in order to give our participants a feeling of the real state of the case in Peace 
Support Operations. We also strive for an international environment with a high number 
of different nationalities participating in our activities. The integrated concept in 
combination with an international environment creates a unique opportunity for 
preparations prior to participation in a Peace Support Operation.” SWEDINT has been a 
PfP Training Centre since 1999.  

Currently there are several simulation environments being used or set up within defence 
training organizations. The need for evaluations and improvements concern not just the 
technological platforms as such but also the educational outcomes of their use, i.e. 
suitable pedagogy, applied learning methods for individuals and groups and technological 
support e.g. for mixing digital and real environment content in augmentation.  The needs 
and future development in this area are to connect outdoor VSHT (activity) with a 
simulation engine, to provide a simulation or game that results in skills acquired during 
play transferring to operational reality5. The education studied in this dissertation and its 
context are to prepare staff for ISAF, where “ISAF, in support of the Government of the 
Islamic Republic of Afghanistan, conducts operations in Afghanistan to reduce the 
capability and will of the insurgency, support the growth in capacity and capability of the 
Afghan National Security Forces (ANSF), and facilitate improvements in governance and 
socio-economic development, in order to provide a secure environment for sustainable 
stability that is observable to the population.”6

                                          

4 developed by Bohemia Interactive Australia (BIA) 

. The current state of situation is “The 
ISAF mission is currently in the stabilization Phase (Phase 3) of its operational plan. 
During this phase ISAF will continue to provide security and build Afghan capacity. The 
adoption of Phase 4 (transition) of ISAF´s operational plan will be the next phase of an 
overall process of transferring responsibility to the Afghans. This is not associated with 
any force withdrawal or any pre-determined decrease in force level requirements. It will 

5 Christensen 3/12-2009, personal communication. 
6 http://www.isaf.nato.int/mission.html, accessed 2010-05-05 

http://www.isaf.nato.int/mission.html�
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entail a change in the nature of the security assistance provided to the Afghans and the 
balance of responsibility. In Phase 4, ISAF will gradually transition to a supporting and an 
advisory role as the Afghans assume the lead in the decision-making, planning and the 
conduct of security operations. Clear conditions for the launch of phase 4 in districts and 
provinces will be set by the Alliance and Afghan Government. The Phases overlap, hence 
Phase 3 activities will continue in parts of the country, even after Phase 4 is initiated 
where conditions allow.”7

To understand the social aspects or communication when many people are together in a 
system and organization, it is important to take different time axes into account; 
technology can bridge this. Depending on decision processes and the level of detail of 
these, they require and include trust between people in an organization and also what 
information best informs and represents a situation. On an operational level where 
culture, dialogue and collaboration has to be build up within the local environment, it 
takes time and requires thinking ahead about what will or can happen after action has 
been executed. Situation awareness and prediction of what can happen next has to be 
elaborated when rules and roles are operating in peace keeping contexts like these.  

 

Scarcities on a system level can include understanding all details on a soldier level or vice 
verse. There can also be cultural differences within an organization when collaborating 
internationally where one culture has a particular moral and ethics that meets another 
that may not have the same idea or ideology and where these differences have to be 
understood or ignored. If role differences are too delicate then there may not be any 
space or room for these kinds of discussions. There can be differences in education 
systems and differences in how to approach different roles within the same organization. 
To shortly summarize this, in all social activities we meet differences in culture and 
organizational culture that can influence processes but can also remain and be kept in 
the background.  

The framework and rules an organizational system carries and the people included within 
these have to keep these rules in mind while working on a daily basis when interacting 
with the surrounding context. A context can change depending on political grounds, the 
situation in a place, events in time and actions taken. It is a complex task to undergo all 
of these elaborations when human-human interaction is taking place. 

 

 

 

  

                                          

7 http://www.nato.int/isaf/topics/factsheets/phase4.pdf, accessed 2010-05-05 

http://www.nato.int/isaf/topics/factsheets/phase4.pdf�
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REQUIREMENTS   
The high level needs for effective training and protecting peoples’ lives are crucial for 
national organizations such as military, police, catastrophe, emergency and intensive 
care in individual as well as international operations. Effective training means 
understanding and preparedness for how staff operates individually and together in 
teams. In these organizations there are frameworks and rules for how to achieve 
objectives and these are of high importance when quick decisions are to be made. To 
operate safely and ensure safety for oneself, the team and third parties, implies that 
training must prepare for balanced and well grounded decision making. Balanced decision 
making can in one moment require a fast decision while in another situation means an 
elaborate and time consuming phase of deliberation before a justified decision can be 
made at all. These requirements lead us to a set of sub-requirements.  

Firstly it leads us to sub-requirement 1. Simulation and simulation-based training have 
several benefits and render possibilities for individuals and teams to practice 
assessments of possible future events in safe circumstances. To optimize training and 
take into account individual differences it is of great value to use relevant tools available 
to make decision issues become concrete in ongoing training facilities. The simulation 
environment mediates events and makes it possible to distribute simulated events to 
several users who can interact individually. The individual interactions in collaborative 
contexts are rich in data.     

Secondly it leads us to sub-requirement 2. The possible cognitive processes and plans 
operating in these contexts can be modeled in the form of Beliefs, Desires and Intentions 
(BDI) (Bratman, 1999/87). The cognitive models then stand as a ground foundation in a 
simulation engine, whereas models created or adapted during operations call for plans 
that can be of use while interacting. Plans are called within the simulation cycle update to 
be able to match or solve shortcomings in an ongoing scenario. These updates can map 
actions, execute actions, fill gaps in mental operations , also read physiological responses 
in embodied actions within the real world and the simulated one. We can have agents 
copying humans but also prolong our own actions via remotely piloted vehicles or tools. 
This is, however, not enough. If we are serious about saving lives we need to know how 
we can learn from and mitigate experiences and actions that do not have expected 
outcomes, especially when lives are lost.  

Finally and thirdly it leads us to sub-requirement 3. Physiological sensor values can be 
input to a system to shape awareness about an individual state as well as the state of a 
team as whole; we can measure real world responses to provide inputs to tweak 
simulation challenges to become closer to the real world situation. Instrumentation 
including electroencephalogram (EEG), Heartrate/Pulse and galvanic skin response (GSR) 
are all tools for making physiological interaction concrete as an additional way of 
understanding tasks and performance from a cognitive activity perspective, e.g. 
considering allocation of mental resources. An eyetracker interconnected with a 
simulation engine and, for example, CoJACKᵀᴹ software can show where attention has 
been allocated and what cognitive plans are needed in ongoing tasks. This can also be 
used as a gaze-directed control input. These tools can facilitate training and ensure 
higher awareness when tight and challenging situations occur. The glue of interaction and 
interoperability is the dialogue we use when exchanging and confirming information, 
which can either be of use or an obstacle in these situations.  
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These sub-requirements lead us to a middle level. 

Humans have cognitive limitations and technology and software agents can potentially fill 
these gaps in compensating for rich information flows that can otherwise end up in 
mental overload. If there is an under load we may also want to keep people stimulated 
so they can keep up their fitness curve.  

How can simulation-based training challenge and become better? Better here means 
better preparing people and systems for tasks, based upon how we can get closer to a 
real world environment while we sit in a safe, de-contextualized contextualized 
environment.  

The evaluation and improvement of the task performance process is a goal, so that team 
based training can achieve outcomes otherwise impossible to show, either retrospectively 
or directly. Improvement suggests building a system that can fulfill the evaluation of an 
ongoing process and provide active feedback during performance in the process. Are 
there ways where digital technology can provide the support that can be of help for 
individuals and teams in training and operational tasks, so the simulation-based training 
can reach closer to a real world context? Answering these questions and trying to find out 
what could be of help is a great underlying motivation for this dissertation. The work 
explores plausible answers to these questions based upon field studies of an operational, 
simulation-based training environment. 

This dissertation is concerned with training for cognitive processes, but not physical 
manipulation skills per se. The simulator investigated uses a virtual world simulation 
together with devices in the form of a steering wheel and pedals for games that do not 
have an accurate relationship to the controls of a real vehicle. So we are dealing with 
virtual simulation, in terms defined below. The virtual simulation is used to prepare for 
certain skills and modular mental capacities for subsequent live simulations. The agent 
world implemented by the simulation can also be regarded as being close to a 
constructive simulation, responding to stimuli in the form of real human and machine 
inputs. 

There is a need for Attentional Cognitive Process modeling in relation to gazed objects, 
but since we do not completely understand the inner workings of the human mind, it is 
easier to gather information about observed human reactions to certain situations than it 
is to represent the process of cognition. Intelligent agents with cognitive gaze control can 
potentially offer new solutions meeting the requirements summarized here. 

The overall purpose of the thesis project is to propose a toolset that can potentially be 
used to evaluate ongoing training and operational processes, based upon field studies of 
how simulation-based team training is currently conducted. The research questions 
introduced in `Setting the Scene´ are derived from these requirements and will be 
mentioned and highlighted in the next chapter, `State of the Art´.   
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STATE OF THE ART 
How does simulation training look today? The state of the art8

The central focus here is the relationship between the physical (i.e. operational) world 
and a simulation based upon the use of a virtual world (Fig.1), and the conduct of human 
operational training at the intersection of these worlds. 

 review presented here is 
concerned with military simulation-based training. This is a non-academic military 
operations training context where a high number of staff have gone through simulation-
based training in different forms, but there are relatively few formal academic 
publications in the area.  

 

Figure 1. The simulation and physical world. 

The review of the state of the art below is structured in terms of the questions: 

What is a simulation? 

What is a simulator (i.e. simulation architecture)? 

What are the goals (purposes) of a simulation? 

How can simulation-based training be evaluated in relation to its goals? 

What are the limitations of simulations? 

The research questions will also be brought into the presentation of the state of the art to 
clarify why they are still open questions.  

The following pages survey related articles, reports and links conveying the state of the 
art in the field of military simulation-based training. This provides an overview of how the 
area today is perceived and what importance it has within international training. The 
                                          

 
8 the highest level of development, as of a device, technique, or scientific field, achieved 
at a particular time, www.thefreedictionary.com/state+of+the+art, accessed 2010-05-05 
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military is of particular interest because it has had huge development investments and is 
at the forefront in human/technology interaction in mission critical and life critical 
situations. This context of both human survival and how to interact with technology or 
computer generated content serves to shape the basis for the dissertation as whole.  

What is a simulation? 
Page and Smith (1998) introduce some of the common terminology, and briefly highlight 
a few of the current thrusts, in military simulation research, development and practice up 
to 1997. The content merely scratches the surface of a large topic. The world of military 
simulation is very broad, and training applications are but a part - albeit an important 
part - of it. The paper reflects the U.S. military training simulation perspective but many 
of the concepts described in the paper correspond directly or approximately to military 
training simulation concepts outside the U.S. as well.  

The definition of the word simulation as a noun is: a model of a set of problems or events 
that can be used to teach someone how to do something, or the process of making such 
a model9

“Model  

. The general field is referred to as Model and Simulation (M&S)” within military; 
M&S may also stand for modeling and simulation or models and simulations depending 
on the context of its use (Page and Smith, 1998). The U.S. Department of Defence (DoD) 
(1997) officially defines model, simulation, and modeling and simulation as (Page and 
Smith, 1998): 

is a physical, mathematical, or otherwise logical representation of a system, entity, 
phenomenon, or process.  

“Simulation  

is a method for implementing a model over time.  

“Modeling and simulation  

refers to the use of models, including emulators, prototypes, simulators, stimulators, 
either statically or over time, to develop data as a basis for making managerial or 
technical decisions. The terms “modeling'' and “simulation'' are often used 
interchangeably.” 

The simulation of war is described by the U.S. DoD 1997 as follows (Page and Smith, 
1998): 

“War Game  

is a simulation game in which participants seek to achieve a specified military objective 
given pre-established resources and constraints; for example, a simulation in which 
participants make battlefield decisions and a computer determines the results of those 
decisions. Syn: constructive simulation; higher order model.”Military simulation10

                                          

9 

 on 
Wikipedia, with a sub title “simulation and reality”, explains that ideally military 
simulations should be as realistic as possible. The realism can then provide measureable, 

http://dictionary.cambridge.org/dictionary/british/simulation, accessed 2010-05-05 
10 http://en.wikipedia.org/wiki/Military_simulation, accessed 2010-05-05 

http://dictionary.cambridge.org/dictionary/british/simulation�
http://en.wikipedia.org/wiki/Military_simulation�
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repeatable results that can be confirmed by observation of physical-world events. Any 
user of simulations must always bear in mind that simulation is only an approximation of 
reality and hence only as accurate as the model itself.    

Here we are especially focusing on events that can be used to teach someone how to do 
something, or the process of making such a model. 

To be more precise, we look at events, events that can be used to teach someone, 
events that can be used to teach someone how to do something, and the process of 
making such a model. The events that can be used to teach someone have two aspects. 
Firstly, the aim is to build a comprehension about human-human communication in 
decision-making under training in relation to observational tasks. Secondly it is to 
understand this human-human process so it becomes possible to sketch up cognitive 
models that can be the basis for an (inter-)agent architecture and agent interaction. 
Thirdly, this can either provide direct support for decision making in events and teams, or 
can be used for training opponents and digital colleagues. Training can consist of various 
tasks, from language and cultural issues to team training in routines and breakdowns.    

Simulated events are running in a simulation/game engine and mediated and visualized 
through 3d graphics as representations of the world and its inhabitants. Steering of 
controllable objects happens through input devices, most commonly keyboards and the 
3d graphics generated on computer screens or projections, the interaction between a 
human and the computer-mediated content. 

The U.S. DoD (1997) goes on to several forms of simulation (Page and Smith, 1998):  

“Virtual simulation  

refers to a simulation involving real people operating simulated systems. Virtual 
simulations inject human-in-the-loop in a central role by exercising motor control skills 
(e.g. flying an airplane), decision skills (e.g. committing fire control resources to 
action), or communication skills (e.g. as members of a C4I team).  

“Live simulation  

refers to a simulation involving real people operating real systems. 

 “Constructive simulation  

refers to a simulation that involves simulated people operating in simulated systems. 
Real people stimulate (make inputs) to such simulations, but are not involved in 
determining the outcomes.”     

So virtual simulation refers to the use of simulators, live simulation to rehearsal or 
practice with “go-to-conflict'' systems, and constructive simulation refers to classical 
computerized simulation models. There is a problem of knowing when to use what kind of 
categorizations when a system includes many processes and subsystems.  

As Page and Smith (1998) note, this classification system is at best flawed: “The 
categorization of simulation into live, virtual, and constructive is problematic, because 
there is no clear division between these categories. The degree of human participation in 
the simulation is infinitely variable, as is the degree of equipment realism. This 
categorization of simulations also suffers by excluding a category for simulated people 
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working real equipment (e.g. smart vehicles).” One of the foremost goals of current DoD 
M&S initiatives is the creation of synthetic environments that represent the “seamless'' 
integration of virtual, live and constructive simulations within a common simulated 
conflict space.  

USES OF SIMULATION IN MILITARY TRAINING 
Military organizations are heavily involved in the use of simulation and related 
technologies, especially for training purposes. Mc Leroy (2008) gives us first a flashback 
to 5000 years back in time when simulations were invented, used by people using 
colored stones and where a physical grid stood for the simulation and its gameplay. 
McLeroy describes though how we today bring the system out to the field and create a 
gaming lab with a networking center. A technician provides a series of scenarios to the 
soldiers and teaches them how the tools work and how to change those scenarios to the 
extent the system will allow. The soldiers then dive in and start 'playing' the scenarios, 
then they start adapting those scenarios to make them more realistic. They are not only 
learning the given scenarios, but teaching themselves to replicate real-life experiences to 
re-live and recreate what they've seen on their own missions. The argument is that users 
are able to take another look at specific events from a stress-free environment and 
provide developers with valuable input about the effectiveness of the training. Modern 
tools for training have spread beyond combat to medical and cultural scenarios. The 
military has also expanded its research to varied uses of artificial intelligence. RQ3 brings 
the question of how debriefing after simulation-based training creates formal competency 
in the team? 

It is typical for military simulation-based training to be conducted in team environments. 
For example, Castor (2009) cites Cannon-Bowers, Salas & Converse (1993) stating that 
effective coordination at the team level depends on the emergence of a shared mental 
model, or common understanding among team members regarding expected collective 
behavior patterns. Well-developed mental models help individuals to process and classify 
information more efficiently and form more accurate expectations and predictions of task 
and system events. Cannon-Bowers, Salas & Converse suggest three kinds of knowledge 
structures in teams:  

i) a mental model that contains knowledge about the purpose of the teams, and more 
specifically the task requirements related to this purpose, called a task model. This 
model includes task procedures, strategies, and information on how the task 
changes in response to changes in the environment.  

 
ii) represents knowledge about unit characteristics, including their task knowledge, 

abilities, skills, preferences, and tendencies, called a team model.  
 

iii) the model that perhaps is most significant when studying collective action, contains 
information regarding the individual and collective requirements for successful 
interaction with team members.  

Cannon-Bowers, Salas & Converse (1993) describe how, to be effective, team members must 
understand their role in the task, what their particular contribution is, how they must 
interact with the other team-members, who requires a particular type of information, and 
so forth. Related to this, they must also know when to monitor their team members’ 
behavior, when to step in and help a fellow team member who is overloaded, and when 
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to change behavior in response to the needs of the team. When shared among team 
members, this model, called the team interaction model, is particularly crucial to 
effective coordinated action (Castor, 2009). 

Tannenbaum, Beard & Salas model the distinctions between individual and team factors 
and their interaction are sketched in the conceptual model (1992, see figure 2). 

 

Figure 2. Tannenbaum, Beard & Salas model (1992). 

Based upon a thorough review of previous research on teamwork, Cannon-Bowers et al 
(1995) identify eight skill dimensions underlying the teamwork construct, each with sub-
skills. These skill dimensions are: adaptability, situational awareness, performance 
monitoring and feedback, leadership and team management, interpersonal relations, 
coordination, communication, and decision making. 

In military simulation-based training as team environments, there is a continuum from 
virtual reality to augmented reality, and also from the use of technologies from this 
continuum in training to applications in operational theatres. Baumann (1993) describes 
virtual reality and its first application area in military training and operations. Three views 
of military applications of virtual reality are presented: 1. Simulation of reality, 2. 
Extension of human senses through telepresence, 3. Information enhancement through 
augmented reality. It may, however, be more accurate to represent these views as a 
continuum through which simulation technologies become extended into operational 
applications. Augmented cognition aims to join the simulation and the physical world as a 
unified system. The simulation then becomes visualization. For example, in critical and 
fast-paced decisions it is important to supply a pilot, tank, or patrol commander with as 
much necessary information as possible while reducing the amount of distracting 
information. This goal led the Air Force to develop the head-up display (HUD) which 



20 
 

optically combines critical information (altitude, airspeed, heading) with an unobstructed 
view through the forward windscreen of a fighter aircraft. With the HUD, the pilot never 
has to look down at his instruments or an analogous map (Baumann, 1993). If a map 
should be used in a high speed environment, then velocity and map information must be 
updated so it is possible to follow, adapt the view to the map location and not get lost.  

In 2003 the NATO Research Task Group on Advances of Virtual Environments for Human-
System-Interaction (HFM-121) was established in order to update the actual state-of-
the-art of Augmented, Mixed, and Virtual Environments (AMVE) and derive 
recommendations for the further development and application of this technology. The 
group is exploring the potential of VE systems as an innovative technology for effective 
and efficient human-system interaction and to investigate system capabilities in the 
military domain. 
 
A NATO report “Virtual, Mixed, and Augmented Survey –Germany” by Alexander (2005) 
informs us about ongoing aims, research and resources around 2005 in Germany. A 
NATO Research Task Group on Human factors in virtual environments (HFM-121) 
identified Virtual Reality (VR) or Virtual Environments (VE) to be advantageous for a 
close, natural, and widely intuitive interaction by making better use of the human 
perceptive, cognitive, and motor capabilities. The group has defined VR as the experience 
of being in a synthetic environment and perceiving and interacting through sensors and 
effectors, actively and passively, with(in) it and the objects in it, as if they were real. VR 
technology allows the user to perceive and experience sensory contact and interact 
dynamically with such contact in any or all modalities of our five senses. 
`The Infantryman of the Future´11

Remotely piloted vehicles (RPVs: UGV, UAV, UCAV, UUV) are of growing importance for 
present and future military scenarios (Alexander, 2005). The supervisory control of RPVs 
represents a cognitively highly demanding task for a human operator (Alexander, 2005); 
due to the need to maintain required levels of situation awareness (SA) an operator must 
process and respond to multiple complex information streams in real-time. Therefore, the 
human-RPV-interface plays a key role in enabling an operator to effectively control an 
RPV with respect to mission requirements. AMVE-based user interfaces have the potential 
to overcome limitations of presently used 2D-interfaces. Significant amounts of 
information provided by RPVs, e.g. sensor data, includes geo-referenced data, and can 
therefore take advantage from AMVE systems. 

 is a large project carried by the Ministry of Defence in 
Germany. In a long-term approach, the project includes augmented reality technology to 
support the dismounted soldier with actual tactical information in his mission. 
Synchronously, the soldier collects data and enters it into a so-called Command, Control, 
Communications, Computers, Intelligence, Surveillance and Reconnaissance (C4ISR) 
system. In cooperation with the central institute for medical service of the German armed 
forces, a realistic scenario for determining performance tests and trials is to be built up. 
In this connection, a VE-system is used to create realistic scenarios and evoke 
physiological and mental workload. 

Goldberg (2005) describes areas of interest of the Air Force Research Laboratory in Mesa, 
including: research on VEs for the acquisition and use of spatial knowledge, haptics 
(virtual touch and feel), cross-sensory display substitution, depth perception, modeling of 

                                          

11 http://www.sfc.com/en/man-portable-infantryman-of-the-future.html, accessed 2010-
05-05 

http://www.sfc.com/en/man-portable-infantryman-of-the-future.html�
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individual differences in spatial cognition at the individual and team level, effectiveness of 
VE technology for small team training; and tracking technology.  

Goldberg (2005) also describes NAVAIR Orlando Training Systems Division research in 
tracking for the entire body, instead of just the head and the weapon; the avatar in the 
virtual world is intended to be much more realistic. Advances in Head Mounted Displays 
(HMDs) will allow greater immersion and improved realism. The simulation infrastructure 
will allow much more natural interaction with the virtual world. For example, a Soldier 
will be able to kick open doors, move furniture with his body, and observe realistic, 
physics based weapons effects. “Today’s infantry must quickly adapt to diverse 
situations, from high-intensity warfare to peacekeeping missions, functioning in small 
teams and with increasing physical, emotional, and intellectual demands. Due to reduced 
live training opportunities, VIRTE will need to provide a level of visual, audio, and haptic 
fidelity that has not been available in a single synthetic exercise” (Goldberg, 2005).   

The U.S Naval Postgraduate School conducts research in the grand challenges of 
modeling, virtual environments, and simulation (Goldberg, 2005). Specialties are 3D 
visual simulation, networked virtual environments, computer-generated autonomy, 
human-performance engineering, immersive technologies, defence/entertainment 
collaboration, and evolving operational modeling. Cognitive training agents were and are 
under intensive research. Using a multi-agent system combined with Connector-based 
Multi-Agent System (CMAS) technology, they have demonstrated that their software can 
do what cognitive psychologists call cognitive blending, which means producing 
cognitive-integration networks, i.e. creating new knowledge in situ based on what an 
agent was doing and what it wanted to accomplish. Until this time, advanced multi-agent 
work has only been able to demonstrate the ability to adaptively explore problems with 
intent and purpose. Software blending means that multi-agent software can now be built 
to answer questions such as “What do you know?” “How do you know that?” or (most 
importantly for training) “What are you doing?” 

They explain that there software equipped with cognitive training agents could ultimately 
take on the following capabilities: 

-Training involving competition with virtual opponents would add adversaries that 
adapt, deceive, and could explain what they were doing and why. 

-Training for tasks not involving problem solving could self-adjust to press trainees 
to their limits of understanding, then offer explanations of their boundaries and 
what additional work might expand them. In this and the following training 
applications, cognitive training agents guide the training software rather than act as 
adversary.  

Recent NATO reports show a tremendous ongoing effort in how to optimize already 
known technology and invent new ways of supporting training in different ways (Spruill 
(2010), NATO 2010a, NATO 2010b). In Spruill et al. (2010) Canova concludes with 
recognizing the need to incorporate the M&S technological advances to develop NATO 
capabilities, and envisages plenty of potential, not only in the military-purpose built, but 
also in non-military commercial technologies and applications, such as computer gaming 
(serious games), collaborative work environments and social networking technologies 
(virtual worlds).”  
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Graesser and King (2008) refer to a game environment with points and feedback (Flight 
Simulator12

Graesser and King (2008) state that the military has needs for intelligent training on 
subject matters that involve conceptualizations and verbal reasoning that are not 
mathematically well formed. Through a sustained partnership among researchers, 
developers and users, the US Army continues to look at the technology within 
commercial entertainment computer games, rather than the games themselves, as a 
means of creating alternatives for many of the established tools for training. McLeroy 
(2008) has interviewed Roger Smith

), which is believed, they say, to motivate learners and to be effective in 
promoting learning gains: “Research is needed on the cognitive and motivational 
mechanisms that encourage intelligent interactions with interactive simulations”. A 
simulation is maybe not a game but a simulation with implemented game rules and 
goals. One of the topics considered by Graesser and King is `Intelligent tutoring 
systems´ that track the knowledge states of learners in fine detail and adaptively 
respond with activities that are sensitive to those knowledge states. The processes of 
tracking knowledge (here called user modeling) and adaptively responding to a learner 
ideally incorporate “computational models in artificial intelligence and cognitive science, 
such as production systems, case-based reasoning, Bayes networks, theorem proving, 
and constraint satisfaction algorithms.” The cognitive processes can also be called 
schemas, as described by Lindley and Sennersten (2007). This dissertation presents a 
layered metamodel for cognitive modeling of user decision processes at several levels, 
including BDI, and then developing variants of BDI that address different decision 
processes within the training domain. 

13, who says: "We are much more comfortable with 
using entertainment technologies for military training today". Military-training simulations 
like JANUS and SIMNET have been incorporated into simpler commercial games. 
"America's Army14," a modification of Unreal Tournament;" DARWARS Ambush," an 
adaptation of "Operation Flashpoint15;" and X-Box's "Full Spectrum Warrior" have all 
been used by the military. Regarding virtual environments with agents, the authors write 
that “Outstanding examples of virtual environments with agents are those developed at 
the University of Southern California, particularly Mission Rehearsal”, referring to Gratch 
et al. (2002) and Tactical Iraqi (Johnson and Beal, 2005). These virtual worlds are very 
close to authentic interactions in war scenarios or interactions between soldiers and 
people in another culture with a different language. Foreign Ground (2006)16

In relation to learning gains or the basis for them in relation to the state of the art within 
the American Army, Macedonia (2002) writes that the generation of the 90’s is very 
different in skills and attitudes from the older generation born before the 90’s. The 
characteristics of the younger generation include; multiprocessing, the ability to perform 
several tasks (such as listen to music, talk on a cell phone, and use the computer) 
concurrently, attention span variation in a manner similar to senior executives exhibiting 

 is a digital 
game for decision training in a different culture in peacekeeping operations developed by 
the Swedish National Defence College, funded by Swedish Material Administration 
through the Research and Development Program of the Swedish Armed Forces.  

                                          

12 http://www.microsoft.com/games/fsinsider/, accessed 2010-05-06 
13 The same Roger Smith as being the author of ”Introduction to military simulation”. 
14 http://www.americasarmy.com/, accessed 2010-05-05 
15 Developed by Bohemia Interactive Studio in Australia and released by Codemasters 
2001. 
16 
http://www.defencegaming.org/index.php?option=com_content&task=view&id=20&Itemi
d=1, accessed 2010-05-05 
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fast context switching, information navigation changes that define literacy not only as 
text but also as images and multimedia, shift in focus of learning from passive listening 
to discovery-based experiential and example-based learning, shift in type of reasoning 
from deductive and abstract to the concrete, intelligence organized in easily accessible 
databases, and community of practice emerging from sharing tasks involving both tacit 
and explicit knowledge over a substantial period of time. Macedonia ends with the 
conclusion that “What has changed dramatically is the emergence of a military culture 
that accepts computer games as powerful tools for learning, socialization, and training”. 

Rouse and Boff (2005) note that the US DoD has for long time used M&S technologies to 
develop interactive “worlds” and games to meet a variety of goals and objectives. The 
Defence Modeling and Simulation Office wants to go beyond the current employment of 
technologies and practices to examine individual behaviors of large numbers of people in 
different roles as they influence and are influenced by organizational dynamics, processes 
and consequences. This was pursued in a project called Organizational Simulation or 
OrgSim. The goals of the project were to help DoD and the federal government to 
identify, represent and understand emergent organizational phenomena found in 
training, organizational structure, management and policy. The authors state that “this 
goal is quite significant as we view the changes in military and civil force structure 
occurring after September 11, 2001. As we go forward in the new millennium, the world 
has become increasingly unpredictable in its response to organizational change whether 
domestically or abroad. In the past, the United States military/acquisition organizational 
structure was geared to defeat Soviet peer competitor.” In the future, they say, “…our 
forces will most likely be dealing with smaller groups and organizations of insurgents and 
terrorists who are much less predictable, harder to identify and track…”, so this is as 
much a military as a political question of protecting civil societies.  

We may conclude that what is critical in all training is how reliable supportive systems 
may be. The robustness of the systems, the smoothness and flexibility for people 
wearing or using the gear in different extreme urban, landscape and weather conditions, 
are critical factors. One major issue of importance is that peacekeeping missions are very 
different in nature from pure battle and conflict situations. It is as important to build up 
trust internally and externally as understanding and acting in conflicts and sharp 
situations; all these situations have to be designed for, trained and practiced. In all 
training we are not alone. Training is to train with others in predefined roles framed by 
rules and goals. 

GAMES, FUN AND TRAINING MOTIVATION 
In these simulation-based learning environments it is important to distinguish between 
what is entertainment and what is professional expertise, being aware that the two forms 
are representing two kinds of conditions: to survive and to win. Also, visual cuing and the 
nature and degree of knowledge required to perform successfully is quite different in 
these different contexts. A branding or recruiting product belongs essentially to the 
entertainment side, while simulation-based training for operational skills can be a matter 
of survival. The good thing though is the recognition of the relevance of the technology in 
both areas, in the sense that games and simulations have a common technical basis, and 
the acquaintance with games of a whole generation leads to a greater potential 
acceptance and effectiveness of simulation-based training. To take advantage of this, the 
cognitive mapping becomes important: what to design for, the purpose and when. 
Graesser and King (2008) say: “The challenge of combining entertainment and 
pedagogical content is the foundational question of serious games”, also referring to 
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(Brody, 1993). They say “understanding the mechanisms that lead to fun and learning is 
an important topic for behavioral and social science research.”  

Do we not know what they mean by fun? It can be to tweak gameplay (an effect of 
mental structures of cognitive processes and psychophysiological interactions with 
implemented objects in a simulation/game system), the fun of tension between 
psychophysiological biofeedback and revelation by the designer. Fun is a whole spectrum, 
but to remember from dramatic theater, tragedy and comedy are very close. It is just 
hair fine difference and that is to know how to elaborate on tension and relaxation and 
when to interchange intensity and climax from one state to another. From a social and 
behavioral perspective Graesser and King (2008) mention Gee (2003), and Salen and 
Zimmerman (2003) as examples of analyzing game components in depth, but in this 
case (not to say that their work is not relevant) I would rather mention Björk and 
Holopainen with their book Patterns in Game Design17

Graesser and King (2008) state: ”presumably, the success of a game can be attributed to 
feedback, progress markers, engaging content, fantasy, competition, challenge, 
uncertainty, curiosity, control, and other factors that involve cognition, emotions, 
motivation, and art.” They note that “Investigating the relationships between game 
features and outcome measures should be an important priority for behavioral and social 
scientists because scientific data are sparse and the impact of games on society is 
enormous.”. The EU project “Fun of Gaming” (FUGA

 (2005) as a source of motivational 
structures of player interaction with the game system and with other players in a game. 
Thus, gameplay includes the possibilities, results and reasons for players to interact 
within a game and its combination of different game design patterns. If we return to the 
fun factor, Johansson, Nählinder and Berggren (2009) report from an experiment that 
“61% of the participants think that a pleasant game feeling is the most important 
element a game must have”. They also say “What makes this interesting is the fact that 
this element is not discussed very much in the literature. Garris et al. (2002) argue that 
sensory stimuli i.e., effects, are one of the main characteristics of a game, that make a 
game interesting and fun. Although the results in their study show that the effects are 
rather more important than an exciting story, the reasons given by the participants on 
the different elements shows that these two elements may collaborate.” 

18

Massively Multiplayer Online Role Playing Games (MMORPGs) and other multiplayer 
games are collaborative but focused upon entertainment gameplay and casual social 
interaction. What may be called Military Multiplayer Online Role Playing Simulations 
(MMORPSs) are focused instead upon specific nonfictional professional educated roles 
where the teams are learning to function in an operational world. The roles are based 
upon many years of education and preparation within an organization. People in military 
roles are filtered by psychological, physical and aptitude tests, while people in a MMORPG 

) has investigated these 
relationships using numerous measures for a small number of example game designs, 
but the combinatorial space of possible game features and player responses is vast. 

                                          

17 
http://www.amazon.com/gp/product/images/1584503548/ref=dp_image_0?ie=UTF8&n=
283155&s=books, 
accessed 2010-05-05 
 
18 http://project.hkkk.fi/fuga/ 
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are not formally trained for specific operational tasks and have no psychological, physical 
and aptitude requirements placed upon them as conditions of participation. 

What is a simulator (i.e. simulation architecture)? 
A simulator is by definition a piece of equipment that is designed to represent real 
conditions, for example in an aircraft or spacecraft19

Tim Lenoir (2000) presents how the computer simulation and virtual reality for military 
applications, and the entertainment industry, have had a thirty-five year history, tracing 
their origin to Ivan Sutherland's head-mounted display project. Lenoir mentions 
Sutherland's experiments, built on former contacts at MIT and at ARPA

. Simulators in aviation and the 
space industry also use visual stimuli while simulator operators are operating instruments 
and mechanics.  

20 21

The keyboard, a consumer joystick and other computer devices may be used as 
substitutes for original instruments and mechanics for an operational environment like an 
aircraft cockpit with a window, instruments and flight joystick, but the visual and 
mechanical functions are not at all identical. . The differences in fidelity when mapping 
between such computer devices and original instruments scaling 1:1 is defined by Hayes 
and Singer (1989) as “the degree of similarity between the training situation and the real 
situation that is simulated. It is a two-dimensional measure of similarity in terms of a) 
the physical characteristics, i.e., visual, spatial, kinesthetic, etc. and b) the functional 
characteristics, i.e., the informational and stimulus and response options of the training 
situation”.  The definition of a simulator by U.S. DoD (1997) is (Page and Smith, 1998): 

 as well as on 
earlier work on head-mounted displays at the Bell Helicopter Company, centered on input 
from servo-controlled cameras that move with the user's head and thus move the user's 
visual field. The head-mounted display is coupled with an infrared camera that gives 
military helicopter pilots the ability to land at night in rough terrain. An infrared camera, 
which moves as the pilot's head moves, is mounted on the bottom of a helicopter. The 
pilot's visual field is the camera's. The helicopter experiments demonstrated that a 
human could become totally immersed in a remote environment through the "eyes" of a 
camera. Sutherland’s ”Remote Reality" vision systems of the Bell Helicopter project 
replace the camera with computer generated images for what would be called "Virtual 
Reality". What they called the "Head-Mounted Display" later became known as “Virtual 
Reality”. This “through the eyes of a camera” and “Virtual Reality” became today’s 
simulation engines and the First Person (FPS) view into simulation/game engines able to 
replicate a synthetic world. RQ1 and RQ2 use eyetracking and a simulation engine to 
track/steer 3D in-world objects. This way we create “the eyes of a camera” and can 
follow how observational tasks are carried out and also how simulation-based training for 
emergencies may function in a team conducting various tasks. 

“Simulator is: (a) a device, computer program, or system that performs simulation; 
(b) for training, a device which duplicates the essential features of a task situation and 
provides for direct human operation.”    

                                          

19 http://dictionary.cambridge.org/dictionary/british/simulator, accessed 2010-05-05 
20 Advanced Research Projects Agency that became renamed to Defence Advanced 
Research Projects Agency (DARPA) 1972. 
21 http://www.darpa.mil/about.html, accessed 2010 05-05 
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Page and Smith (1998) wrote about having an architecture for military operations 
typically focused around physical activities on specific areas of the earth, referred to here 
as a simulation architecture. Simulations of these activities each require a representation 
for the activity and its context, for example, terrain etc.. With many different providers 
or different systems, an ISO standard or alike would be preferable so compatibility would 
be a basis for content representation, see SISO22, the Simulation Interoperability 
Standards Organization, which is one attempt at standardization. The same year Page 
and Smith published their paper, the High Level Architecture (HLA) became the preferred 
Simulation Interoperability Standard recognized by NATO. HLA is an international 
standard as defined in IEEE and also STANAG 460323. NATO Modeling & Simulation 
Standards Subgroup (NMSG): The NMSG subgroup MS3 finalized the first edition of the 
new Allied Publication entitled NATO M&S Standards Profile AMSP-0124

What are the goals (purpose) of a simulation? 

. The document 
was promulgated by the Director of NATO Standardization Agency (NSA) in December 
2009 and is included in the NATO Standardization Documentation Database (NSDD).  

For Afghan patrol training, a simulation is striving to replicate remote reality so humans 
can get as close comprehension for a physical (i.e. operational) world situation as 
possible, prior to actually going there.  

Page and Smith (1998) mention the goal of the interoperability of simulators/simulations. 
The Joint Simulation System (JSIMS) and One Semi-Automated Forces (OneSAF) 
programs had attempts to unify the next generation of Service simulations and Semi-
Automated Forces simulations, respectively, to eliminate software duplication, lower 
development costs, provide common user interfaces, and reduce life-cycle costs for using 
and enhancing the systems. Higgins and Howell (2004) note that “When considering the 
acquisition of some high specific knowledge or skill, certain laws of skill acquisition 
always apply. The first of these is the “power law of practice” - acquiring skill takes time, 
often requiring hundreds of thousands of instances of practice in retrieving a piece of 
information or executing a procedure. This law operates across a broad range of tasks, 
from typing on a keyboard to solving geometry problems (Rosenbloom & Newell, 1987). 
According to the power law of practice, the speed and accuracy of performance in a 
simple or complex cognitive operation increases in a systematic nonlinear fashion over 
successive attempts. This pattern is characterized by an initial rapid improvement in 
performance, followed by subsequent and continuous improvements that accrue at a 
slower and slower rate.” (Seymour, et al 2003). Simulation-based training can both 
reduce costs associated with this amount of training, and also potentially facilitate 
greater access to training by using more inexpensive and non-critical training contexts.  
 
How can simulation-based training be evaluated in 
relation to its goals? 
 
Jean (2008) discusses different people having important roles in the military, research or 
industry stating their opinions about the simulation situation concerning what can be 
measured and especially what evidence of proven affordances simulation-based training 
can show. Jean starts out to say that military simulation training is economically 
profitable and less time-consuming than training in purely physical environments, 
therefore the military will train more in simulators in the future. However, the Defence 

                                          

22 http://www.sisostds.org/, accessed 2010-05-05 
23 http://nsa.nato.int/nsa/, accessed 2010-06-10 
24 http://www.nato.int/docu/stanag/amsp/AMSP-01.pdf, accessed 2010-06-10 
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Department has no standards to measure either the performance or the benefits of 
simulation-based training. Jean cites John Morey, senior scientist at Dynamics Research 
Corp., searching for answers on a methodology for assessing simulation-based training, 
who says that an optimal solution would be to send observation teams to see how troops 
perform on the job after receiving simulation training. Morey has developed a training 
technology that includes a system for evaluating a battle staff’s team performance.  
RTI International “Education and Training Solutions”25

Familiarize yourself with the skill environment, absorbing knowledge about vocabulary, 
tools, the people, and/or the equipment involved in applying the skill.  

 emphasize turning knowledge into 
practice in military and security training. We can probably also say turning informal 
knowledge into formal comprehension for processes. This is a company developing 
training systems for army soldiers in the USA. They present their development process in 
three steps: 1. Knowledge capture 2. Technologies Development  3. Customer solutions 
with their own model called Familiarize, Acquire, Practice and Validate (FAPV). The 
meaning of the model and its steps are as follows: 

Acquire the skill, being led step by step through the process. 

Practice the skill, learning how to generalize from the examples used to apply the skill to 
other scenarios, but with available assistance and immediate feedback. 

Validate the skill, demonstrating mastery in one or more randomly selected scenarios. 
Computer-generated After Action Reviews (AARs) help learners understand the strengths 
and weaknesses of their performance. The AARs can be validated by a proctor26

Graesser and King (2008) say there is a gap between potential and actual technology-
based training, translating into a critical, if not desperate, need for research in the social 
and behavioral sciences. The problem is that learning environments are often limited or 
disappointing because the developers of the systems have not had sufficient training in 
cognitive science, pedagogy, behavioral sciences, and learning technologies. There is a 
shortage of trained professionals in these areas they say, and far too many learning 
environments are launched without the required empirical testing on usability, 
engagement, and learning gains. Graesser and King state that “Any given technology, T, 
affords a number of cognitive, social, and pedagogical mechanisms, M (Gee, 2003; 
Kozma, 1994; Norman, 1988). In addition to these TM mappings, it is essential to 
consider the goals, G, of the learning environment: Is the learning environment designed 
for quick training on shallow knowledge about an easy topic or for deep learning about 
explanations of a complex system? It is essential to consider the characteristics of the 
learner, L, such as high or low knowledge of the subject matter and high or low verbal 
ability. The resulting TMGL landscape of cells needs to be explored. Some cells are 
promising conditions for learning, others are impossible, and groups of cells give rise to 
interesting interactions.” 

 and 
shipped back over the internet to a Scalable Courseware Objects Reference Model 
(SCORM)-compliant learning management system for review by a remote instructor.  

                                          

25 http://www.rti.org/page.cfm?objectid=68884A67-8C0B-4BDE-9C3C83FBFD5E1DCB, 
accessed 2010-05-05 
26 Appointed to supervise students; http://www.merriam-
webster.com/dictionary/proctor, accessed 2010-05-05 
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What are the limitations of simulations? 
The primary limitations of simulations for training fall into the following five categories: i) 
Modeling the world, ii) Time issues, iii) Amount of content required, iv) Simplicity of 
behavioral modeling, and v) Difficulty of evaluating effectiveness. These will be 
considered in turn. 

I) MODELING THE WORLD  
A fundamental limitation of simulation is that a simulation is based upon what is already 
known, models of the world founded upon assumptions, simplifications, etc.. The match 
between these models and a training target application can be a fundamental factor in 
simulation-based training. This is a universal issue for simulations and is too general to 
discuss in universal terms. However, this dissertation addresses this problem in detail 
when more narrowly considered in relation to human decision processes and behavioral 
modeling, discussed under point iv) below, and as a major theme of the overall 
dissertation. 

II) TIME ISSUES  
Page and Smith (1998) discuss not just the categories of simulation but also the critical 
time issue when explicitly modeling the passage of time and allowing the rate of its 
advancement to be dictated by the granularity of simulated events. Simulations using 
modeled time they call logical-time simulations. Simulations that do not model time but 
rather use real clock values to drive the execution may be described as real-time 
simulations. A real time event issue can be “If at time t=10 seconds it requires 3 seconds 
to compute the state for time t=11 seconds, what do you do? “ and the answer may be 
“Real-time simulations, like ModSAF27

III) AMOUNT OF CONTENT REQUIRED  

, degrade or abandon next-state computation, if 
necessary, in order to maintain synchrony with real time.”. There is a difference, code-
wise, between logical-time simulations having classical discrete event or continuous 
simulation data structures and algorithms. Real-time simulations resemble real-time 
systems - their execution is measured in execution cycles (or simulation ‘ticks’) by hertz 
frequency, and they are typically interrupt driven. RQ1 highlights this real-time issue 
when asking how objects trigger dialogue in observational tasks. One way of helping out 
in fast paced observational and communication situations are to build a system that can 
support in team decision making while interpreting the surroundings.  

Simulations require enormously much data that includes characteristics of the terrain 
surface, natural and cultural features, atmosphere, sea surface, sub-surface, and ocean 
floor. The representation of radio and acoustic energy, chemical and biological agents, 
natural and man-made obscurants and nuclear effects, are also considered part of the 
environment since these create a medium within which agents must operate. The 
collection and management of environmental data presents significant challenges, as 
does the validation of environmental models therefore the networking between the 
different entities is a core issue so isolated entities become open and available for 
information distribution and allocation.  

                                          

27 The Modular Semi-Automated Forces (ModSAF) 
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IV) SIMPLICITY OF BEHAVIORAL MODELING 
Due to the concentration on content generation and its complexity, behavioral modeling 
has had to be very basic. Behavioral modeling aims to provide actors, vehicles and units 
with realistic activity and reactions to events etc. within their (simulated or physical 
world) environment). In this thesis work the aim is to model the cognitive basis of human 
behavior in general leading to human physiological responses to objects and their 
actions, and having the person or the team reacting to synthetic agents in relation to 
training goals. Similar models for synthetic agents can, for example, allow aircraft on 
patrol to “decide'' to return to base when getting low on fuel, rather than continuing until 
the aircraft falls to the ground, and ground units respond to opponent attacks rather than 
blindly continuing their preprogrammed mission. Algorithms like these have been the 
extent of behavioral modeling for many years. More recent models have attempted to 
increase the reasoning capabilities of simulated objects. Most notable among these 
systems have been the Semi-Automated Forces (SAF) or Computer Generated Forces 
(CGF) systems (Page and Smith, 1998). “The approach taken by most CGF systems is to 
replicate the product of human decision making, rather than the process. Since we do not 
completely understand the inner workings of the human mind, it is easier to gather 
information about observed human reactions to certain situations than it is to represent 
the process of cogitation. However, recent developments in Artificial Intelligence (AI) 
technologies, e.g. intelligent agents, potentially offer new solutions to this problem.” 
(Page and Smith, 1998).  

Live role playing while interacting via simulation means that the team participants think 
aloud and communicate through a person in the role of X executing actions. This way 
humans communicate and express their cognitive processes before a main decision is 
made. To express these thought processes make it easier to understand the ongoing 
decision processes occurring in simulation-based training than studying individuals with 
their thoughts when people are `in there own heads´. RQ1 is pointing towards the 
objects or non viewable objects which dialogue follows. The objects and the following 
dialogue reveal the relations between objects and the cognitive processes involved. RQ2 
is here actually pointing towards direct debriefing and learning so the team learns from 
each other during a simulation. 

V) DIFFICULTY OF EVALUATING EFFECTIVENESS  
Jean (2008) states that the US DoD has no standards to measure either the performance 
or the benefits of simulation-based training; this is very important so it’s possible to 
compare performance within a simulation session for a team, between teams and also for 
different parameters/variables. The standards to measure are a question for observation, 
evaluation, debriefing and learning (RQ1, RQ2 and RQ3) for a team when practicing in a 
simulation-based environment.  

The Naval Research Lab say that the primary goal of developing any training system is to 
provide a level of training that translates to enhanced performance on the types of real 
world tasks being simulated (Goldberg, 2005). The affordance using simulations is to be 
able to train hazardous and otherwise too costly practices with instructors. The current 
measures of team performance suffer from a heavy reliance on discrete, subjective (i.e. 
trained observer) ratings or discrete objective outcome measures. These measures may 
be considered `derivatives´ of true information and reveal little about the dynamic 
processes through which teams respond, evolve and develop.    
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As an example of the different approaches or ways of measuring performance the 
authors Grubb et al. (2001) describe differences in areas of emphasis between 
organizations. They exemplify the differences in evaluation methods where US Army’s 
Aircrew Coordination Training (ACT) program emphasizes mission performance measures 
and changes in behaviors, while the US Air Force Air Combat Command/US Air Forces 
Europe (ACC/USAFE) Crew Resource Management (CRM) program relies heavily on 
attitudinal measures and student end of course critiques. Irrespectively, program 
evaluation methods and measurement approaches revealed near-term and significant 
improvement in mission effectiveness and flying safety due to initial simulation-based 
team training. Results of the Army ACT validation test showed significant improvement in 
aircrew’s overall mission effectiveness between pre- and post-training evaluation 
scenarios. Different environments have criteria favoring one method instead of another, 
but it would be better to be able to both compare and cross correlate data and using 
common simulation interoperability standards.    

Rosen et al (2008) describe team performance measurement and how this is a critical 
and frequently overlooked component of an effective simulation-based training system 
designed to build teamwork competencies. Quality team performance measurement is 
essential for systematically diagnosing team performance and subsequently making 
decisions concerning feedback and remediation. However, the complexities of team 
performance pose a challenge to effectively measuring team performance. The article 
synthesizes the scientific literature on this topic and provides a set of best practices for 
designing and implementing team performance measurement systems in simulation-
based training. 

Going back to Jean´s (2008) article, he quotes Frank Delisle, vice president of 
engineering and technology at L-3 Link Simulation and Training28

 

 saying that “as 
students progress from the individual-based learning environment to a larger group-
oriented exercise, ascertaining the effectiveness of such training becomes much more 
difficult because the scenarios tend to test cognitive decision-making and judgment 
rather than skills.”.  

SHORTCOMINGS 
From these limitations it may be concluded that there are shortages in research, 
standards, categories, system integration, how to measure effects of training, team 
performance and training, cognitive changes in behaviors due to training experiences and 
feedback, and game engines as tools. This thesis focuses specifically upon the limitations 
of excessive simplicity of behavioral modeling (implying a need for more sophisticated 
models) and evaluating the effectiveness of simulation-based training. 
 

Research Questions 
The shortcomings presented above lead to the following research questions. 

RQ1: How do objects trigger dialogue in observational tasks?  

RQ2: How can the results of simulation-based training for emergency situations be 
described and evaluated? 
                                          

28 http://www.link.com/, accessed 2010-05-06 
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RQ2 includes the question of what representations to use to describe the content, 
performance or benefits of simulation-based training. In general there is a search for 
methodology and as John Morey said: it would be optimal to send observation teams to 
see how troops perform on the job after receiving simulation training (Jean, 2008). There 
is little data on learning gains and After Action Reviews (AAR) are not enough. 

RQ3: How do Debriefing and Learning create the cognitive comprehension that is the 
competency developed in a group? 

Behavioral modeling for objects and human agents (which can be called Human Behavior 
models for Agents in Simulators and Games), has been very basic due to the complexity 
of military systems. The gaze and the observational part of tasks we have understood are 
quite crucial when shaping awareness in search, for teams and for determining the status 
of the surrounding world. The approach taken by most Computer Generated Forces (CGF) 
systems is to replicate the product of human decision making, rather than the process 
behind it. Gaze training, gaze debriefing and cognitive modeling including visual 
perception phenomena relevant to military operation teams are needed! If gaze fixations 
cannot be specified, all physiological and verbal data becomes less clear since it loses 
possible visual stimuli or references. Visual behavior in simulated combat has been 
investigated in detail in Sennersten et al (2007; see Appendix B), Sennersten (2008), 
and Sennersten and Lindley (2009, see Appendix C, and 2010). This thesis ‘zooms out’ 
from these detailed visual cognition investigations to look more broadly at the cognitive 
foundations of the behavior of individuals, groups and organizations as relevant to 
military peacekeeping operations. The representation of cognitive processes at these 
levels (as developed below) is proposed as a basis for addressing the specific limitations 
of simulation-based training of interest. Proposed answers to these questions are based 
upon a series of conceptual models, beginning with Bratman’s BDI model (see below) 
and then developing a series of additional models accommodating different forms and 
levels of cognitive decision process involved in the military simulation-based training 
domain.  

The resulting models could be implemented in a more integrated technology system for 
military training and/or operations. Then the research questions can be related to specific 
functional modules of such an architecture, as shown in Fig.3. To train staff in a 
simulation or a simulator requires making the synthetic environment as close to the real 
operative conditions as possible in relevant ways. The instructors that are planning 
training together with simulation platform staff have to prepare simulations models that 
are adequately close to what is simulated so the simulation-based training gives trainees 
the best preparedness conditions as possible. The simulation engine is central in creating 
the bridge between remote visual physical circumstances and those interactions that can 
occur at in the training environment. Of course it is different to sit in a chair in Sweden 
and train for different missions somewhere else in the world, in this case Afghanistan, 
but with geographical mapping and realism a trainee can be acquainted with the 
environment beforehand in this kind of simulation-based training. In Figure 3, ROE 
stands for Rules of Engagement, which are rules that all trainees have to relate to when 
practicing in this kind of simulation. We start out with common BDI (Bratman, 1999/87) 
and the team, after this we imagine the team to interact with visual content the 
simulation engine produces while the trainees in the team are interacting via devices and 
sensors. The interaction does not necessarily require any efforts by the trainee when it 
comes to sensors because these are logging physiological changes without any conscious 
input from the trainee(s). If we have lots of data and different individuals and teams, we 
have to connect the data so the data become useful for the trainees, and it may be 
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necessary to provide tools that categorize and cross-correlate data so it can become 
usefully displayed in real-time. 

 

Figure 3. The concept model with ΔDiff indicating gaps that needs to be closed to improve 
simulation-based training. This thesis addresses the ΔDiff concerned with cognitive 

decision processes (Common BDI, JACKTeam, psychophysiology, etc.). 

Eye gaze interaction, physiological tracking and JACKTeamᵀᴹ, a real-time BDI for teams, 
can create the basis for being able to give feedback to the team and the instructors. ΔDiff 
Physical model-Simulation model differences must be evaluated to ensure that these do 
not impede learning gains. With ΔDiff between common BDI with Gaze; JACKTeamᵀᴹ, and 
psychophysiology we gain a comprehension for interaction patterns that help in 
debriefing and how to build safety for people in missions. Optimally, the system could be 
augmented to maximize the effectiveness of simulation-based training in educating and 
securing staff in their operational tasks. The red dashed line, Fig. 3, shows the optimal 
access for instructors and the turquoise dashed line shows the possibility for teams to 
train on certain tasks themselves without instructors. These dashed lines can be modified 
depending on the purpose.   
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SHORTCOMINGS IN THE METHODOLOGY AND CONTEXT OF THE 
THESIS 

In military defence research there are certain security levels and time constraints so 
certain information does not become available or is only revealed with a time delay. So in 
this dissertation we operate on the basis of available information and with openly 
expressed needs.  Due to security restrictions much of the analysis had to be more time 
consuming than planned, since everything had to be transcribed manually and not using 
logged data. The quantitative data, here visual performance data for the Patrol Leader 
(PL), and audio data on the communications between PL and driver are therefore based 
on the pilot study and the qualitative data is based on the 2nd field study with the 
officers.  
Visual recordings from the pilot study have to function as the information source for 
attended objects in the second study in relation to performed tasks, since visual material 
could not be recorded for the second study. The eyetracker was not part of the second 
field study at all because platform staff did not want any disturbance of or recordings 
from the scenarios due to security issues. 

 

APPROACH 
The Belief, Desire and Intention (BDI) model is a model of human practical reasoning. 
This original model is the basis and used here to be extended in several steps, see 
Fig.17, in order to design behavioral reasoning and plans that can be used by a human, 
an autonomous agent (e.g. a remotely piloted vehicle, RPV) or a group of interacting 
agents (RPV´s). An agent in this case is an agent carrying out plans in operational tasks.  
BDI is described in detail by Bratman (1999/87), the founder of the model, Georgeff29 
30(1989)31 and Wooldridge (2000). A BDI model is a cognitive reasoning model used as a 
software model for programming intelligent agents, here intelligent seeing agents. 
CoJACKᵀᴹ 32 is a cognitive architecture used for modeling the variation of human 
behavior, a BDI product by Georgeff. The combined definition of “intelligent agent”, or 
IA, is “any software that is designed to use intelligence to automatically carry out an 
assigned task, mainly retrieving and delivering information; also called software agent”.33 
“In AI an IA is an autonomous entity which observes and acts upon an environment and 
directs its activity towards achieving goals (i.e. it is rational)”34

Bratman (1999/87) aims to explain or systematically make a framework for 
characterizing the mind and action in terms of intention. He tells us that he is guided by 
a simple but powerful idea about our commonsense conception of intention which is 
inextricably tied to the phenomenon of plans and planning (planning theory).  

. If we combine the 
cognitive modeling for BDI with ocular observation, we get a seeing intelligent agent 
solving plans and planning problems (the choice and execution thereof).   

                                          

33 http://dictionary.reference.com/browse/intelligent+agent, accessed 2010-07-13 
33 http://dictionary.reference.com/browse/intelligent+agent, accessed 2010-07-13 
33 http://dictionary.reference.com/browse/intelligent+agent, accessed 2010-07-13 
33 http://dictionary.reference.com/browse/intelligent+agent, accessed 2010-07-13 
33 http://dictionary.reference.com/browse/intelligent+agent, accessed 2010-07-13 
 
34 http://en.wikipedia.org/wiki/Intelligent_agent, accessed 2010-07-13 
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An Artificial Intelligence (AI) system, or a behavioral system aims to create intelligence in 
a machine/computer. An agent is a system perceiving its environment and taking actions 
that maximize its chances of success (Russell & Norvig, 2003)35

“Everything the AI system does, at some depressingly low level of detail, must be 
thought of, if not directly coded, by a human.  

. A human and an 
autonomous agent (e.g. an RPV) can increase their abilities when collaborating, learning 
over time, reasoning and acting. To be able to meet safety, decision support and 
development requirements, the work has to start among the people operating in these 
environments and Hall (2007) describes this process as follows:   

“My best guess is that automatic programming foundered on formalist float. Formal 
systems are exact and efficient, whereas informal ones are compliant and able to 
grasp new things. Programming is first and foremost an exercise in bridging the 
gap – going from an informal notion of what you want to do to a formal one. In 
order for a system to produce a program to do a task, it has to understand what 
the task is; and this must be from an informal description. Getting the description 
into formal form is the hard part -after that you are just compiling a high-level 
programming language.” 

   J.Storrs.Hall –Beyond AI 

In Wikipedia a simple agent program is defined mathematically as an agent function36

Where P* is the set of possible percept sequences and A is the set of a possible action.  

 
which maps every possible percept sequence to a possible action the agent can perform 
or to a coefficient, feedback element, function or constant that affects eventual actions: 

𝑓 ∶ 𝑃 ∗ → 𝐴  

In philosophy there is a field of `philosophy of action´ which focuses on processes 
causing intentional (willful) human bodily movements. There is also an area called `social 
action´ which includes agents and their actions and reactions of individuals. In respect of 
this dissertation, action theory as functional structuralism/systems theory/complex 
adaptive systems is of interest. Action theory in its original form describes action as 
behavior caused by an agent in a particular situation. The desires and beliefs (of the 
agent) lead to bodily behavior or action. The cause of the action is based in the agent´s 
desires and beliefs (Davidson, 1980). Bratman (1999/87) says that our understanding of 
ourselves and others has a psychological framework where intention is central, a slightly 
different view from Davidson. The characterization of intention, Bratman says, seems to 
cover both people´s actions and their minds.  

The most well-known implementation of the BDI model is the Procedural Reasoning 
System (PRS) by Georgeff and Ingrand (1989). In PRS data structures the 
correspondence is directly with beliefs, desires and intensions. The belief of the agent is 
directly represented in PROLOG-like facts (article programming in prolog) and `desires 
and intentions´ are realized in a plan library. So each plan is a recipe that an agent can 
call for to help out in a particular situation. The plan consists of two parts, one is a body 

                                          

35 http://aima.cs.berkeley.edu/contents.html, accessed 2010-05-05 
36 http://aima.cs.berkeley.edu/contents.html, accessed 2005-05-05 
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and the other is an invocation condition. The latter indicates when the agent should 
consider running the plan; this is a real-time system. The control state works like this:  

1) the agent updates its internal belief(s);  

2) the agent sees which plans have invocation condition(s) that correspond to these 
beliefs;  

3) the set of plans made active correspond to the desires of the agent;  

4) each desire defines a possible course of action that the agent may follow;  

5) with each update cycle or control cycle the PRS chooses one of the desires and puts 
it onto an execution stack;  

6) those chosen desires in the stack then become the intension of the agent;  

7) execution of actions. The logical aspect of BDI makes it possible to reason about 
BDI agents. 

Wooldridge’s (2000) discussion of BDI is not concerned with the percept layers, that he 
refers to as important processes worthy of study in their own right but being outside the 
scope of his book. He is not concerned with how beliefs and alike are represented, they 
can be represented symbolically as logical statements, e.g. as PROLOG facts.  

However, here it is proposed that the BDI model and its application to different phases in 
a patrol mission (see chapter Models) can be modified to become an Object, Purpose and 
Action (OPA) model instead, in order to build the percept layer into BDI and not keep it 
externally. This is because it is to not just having a reflexive agent, where perception 
maps directly to a stimuli response, but to have a person or agent that can reason first 
before carrying out action. Sometimes an officer may have to react rapidly and then 
reasoning may have to work as support. Hence the ocular layer is happening in real-time 
while an officer(s) is reasoning about a next step, if there is time to reason. The OPA 
model and its rationale are developed in the next chapter ‘Models’. 

Method 
A method as a noun is by definition “a manner or mode of procedure, esp. an orderly, 
logical, or systematic way of instruction, inquiry, investigation, experiment, presentation, 
etc..”37

At the first meeting with staff from SWEDINT, the question of `field of view´ came up 
and we asked each other if we meant the same thing when referring to this. We 
explained our understanding for one another and found that we commonly meant that 
field of view is an ocular observation that is the basis for many kinds of action. 
Observation can of course signal any of the other senses, but in this context the ocular 
observation stand as the primary information source for reports and decisions.  

.  

The first studies made at FOI (reported in Sennersten, 2007) have primarily included real 
time 3d object gaze recording to text file and pre- and post questionnaires.  

                                          

37 http://dictionary.reference.com/browse/method, accessed 2010-05-05 
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The field studies documented in this PhD thesis zoom out to understand how a group of 
people having different roles make decisions from within the framework they are 
operating in. Gaze logging will be used again within a pilot study but here dialogue is 
added as a social dimension to enable understanding of team cognition with respect to 
roles and rules in typical training scenarios. RQ1 is asking how objects trigger dialogue in 
observational tasks? If the objects trigger dialogue then following question is what 
object, when, where and why? 

The first field study was a study with just two participants, two instructors, plus one 
person in charge of the simulation platform and one technician. This first study was 
mostly a practical exercise to record gaze with a traditional set-up with an eyetracker 
without interconnecting it with the simulation engine. The simulation scenarios were 
edited in VBS2ᵀᴹ. The reason for this was to not interfere with ordinary equipment and 
security issues. This study also contained sound and pulse recording to find out how the 
communication between the participants developed and how heart variability varied 
during the simulation training session. The heart variability was tracked but not analyzed 
in detail; there is an interest at IntUtbE to be able to track pulse rates to be able to be 
aware of individual biometrics38

Before the first field study, over several months, communication was established 
between IntUtbE, myself and SWEDINT staff in charge of their simulation platform. A 
couple of visits were arranged to meet staff and go through what kind of questions were 
of interest and why in relation to this dissertation, its questions and what it somehow 
tries to answer, as explained in this chapter about Approach. Mainly mail correspondence 
and phone calls were used to sort out the details and provide answers in between 
physical meetings.  

 and self-regulation. The collected data from this first field 
study will be presented here as an initial study to be able to show what results can be 
gained from these kinds of recordings. This first occasion also had the aim of 
understanding the purpose, of the design created by SWEDINT in communication with 
the instructors from IntUtbE that had ordered the content for upcoming simulation 
training for officers going to join International Security Assistance Force (ISAF) in 
Afghanistan, who would attend simulation training some weeks later.  

The second field study observed 20 officers from Sweden and Norway participating in 
simulation-based training using the same simulation scenarios as in the first field study. 
No eyetracking was used though, but sound was recorded. The greatest value from this 
simulation training session was in the answered questions the participating officers gave 
retrospectively. RQ2 is asking how the results of simulation-based training for emergency 
situations can be described and evaluated. The instructors design the scenarios together 
with the simulation platform staff and want to shape emergency situations so the officers 
can prepare themselves mentally for what can happen when they are at actual 
destination, it is also to practice the teams together where many haven´t met before, to 
practice navigation and radio communication and when to contact the Tactical Operatiosl 
Centre (TOC). The evaluation happens as AAR retrospectively after the simulation-based 
training. An emergency situation can also happen due language so the language and 
internal cultural differences and the context to be in so this is also important to practice 
in a forgiving synthetic environment. The simulation platform staff also create simulation 

                                          

38 http://searchsecurity.techtarget.com/sDefinition/0,,sid14_gci211666,00.html, 
accessed 2010-05-05 
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design on the fly during the simulation session if they see the trainees in a vehicle choose 
another direction. The evaluation of emergency situations cover the psychophysiological 
aspects so we know what happens to teams in certain situations.   

The methods included here are, then, both quantitative and qualitative. RQ3 asks how 
debriefing and learning create the cognitive comprehension, the team competency 
developed in the group? The build competency refers to former training where instructors 
can be of help when to summarize performance and certain hardships and successes 
during the simulation session(s) retrospectively, what kind of scenarios the teams meet, 
and the role of interpersonal interactions. Video-captured material from VBS2ᵀᴹ can also 
provide additional information imperfectly. In relation to BDI and plans it is good to know 
what initial plan, in form of Flapsheet and certain pre-routines the staff has to perform, 
so the plan can be the basis for debriefing and to know what was learned in relation to 
basic plan.  

Experiment 
To validate the conclusion of the thesis two field studies with the same scenarios have 
been performed. The scenarios were conducted by SWEDINT after an operational idea 
from IntUtbE and implemented by SWEDINT´s technical staff at Simulation, Modeling 
and Practical Platform. VBS2ᵀᴹ is the simulation platform used by SWEDINT for 
simulation-based training of staff prior to deployment on peacekeeping missions. VBS2ᵀᴹ 
is a three dimensional interactive training environment providing a synthetic world 
suitable for a wide range of military and/or general group training (see Fig.4). VBS2ᵀᴹ 
training scenarios can include human like avatars, land, water and air vehicles, top-down 
maps, landscape generation, radio communication, etc..  

IntUtbE is using VBS2ᵀᴹ for cost efficiency, the possibility to have several workstations 
operating simultaneously with a common simulation, the possibility to redo and restart 
sessions, to facilitate co operational decision-making by simulation participants, to allow 
several scenarios to be trained in a believable environment, to practice traffic accidents 
and explosions, and also to provide the possibility to interact with role players acting in 
non-trainee parts.     

 

Figure 4. Screenshots of UK MoD in VBS2 v1.22. 

TOOLS AND EQUIPMENT 
The tools and equipment set-up (see Fig.5) available for the field studies reported in this 
thesis includes: 
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Figure 5. Connection scheme for VBS server/client + screen and VBS server/client + 
eyetracking screen. 

Tobii Eyetracker T60  
Simulation/Game Engine VBS2ᵀᴹ3 PC´s, with sound recording freeware  
Simulation scenarios in VBS2ᵀᴹ editor  
POLAR pulse watch 
Keyboards 
X-tra devices: Steering wheel and pedals 
Analogue (paper) map 
Walkie Talkies 
Microphones 
Control room with instructors role playing and making simulation design on the fly 
ExcelWord 

 

THE 1ST FIELD STUDY 
In the first round of the simulation, staff were selected who were able to evaluate the 
simulation and its value as a training environment. To look at decision making, the Patrol 
Leader (PL) is the natural choice for eyetracking because s/he is responsible for the 
group and its decisions. The communication tasks within the vehicle, outside and via 
radio make this role the key to the whole group. Of course, every role has its own 
responsibilities and challenges, but will still be protected by a main decision by the PL. 
The PL shall not only secure her or his own survival, but also the team and also treat 
people with respect and optimism so the survival is reinforced for all.  

The operational task for the simulation-based training is patrolling an Afghan town in a 
four wheel drive military ground vehicle. Two people are in the vehicle, one driver and 
one PL. For the training session, each role is played by separate participants, who sit 
next to each other in the simulation room, as shown in Fig.6. In the control room we had 
two instructors and some other people acting in dialogue when digital characters/ avatars 
were approached in the simulation. 
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Figure 6. Officers preparing for simulation-based training, instructor in the middle. 

Experimental process 
The experimental process was to gather gaze data, audio recording, video, and make 
observations in support of subsequent cognitive modeling of decision processes involved 
in the operational patrol task.  

Instructor information before the simulation 
It is important to get an idea of how training is contextualized and the main instructor, 
Christian Christensen, at IntUtbE gives a pre-brief with instructions of what is expected 
by the participants.  

The Instructor starts to explain the simulation session and the mission: 

“Listen. Okej, Tech support. It will take some minutes to find the key settings [or 
reglage] because you are new. You have not done this before and it goes in line 
with what we have done in the cooperation education before. Those cooperation 
officers that we have tested to do this with before had had a limited experience of 
this. So we first go through the basis for the situation; what is the plan and what 
map to use, the technology and technical support you get through technician, when 
we are ready we will make a radio check which we already have prepared, the radio 
communication goes over the walkie-talkie, communication with people on the 
street happens via headset or via microphone. I will answer or somebody of us will 
answer when you meet and want to talk with somebody on the street. That is 
possible and you can then go up to this person and talk. I will answer in English 
then. You can step out from the car or talk from the car if you wind down the 
window, if the person is just beside you. This is to practice and being able to 
communicate so you will be at the right place before we start. The task is to do the 
vehicle patrol in relation to the predefined route we have made (Flapsheet)39

                                          

39 A pre-plan how to navigate when patrolling. 

. If 
something is happening along the road and you both decide to make a march re-
plan, then you do this concerning your decision. We do not have to think about 
things as we have to do out in the field and this is what this method´s strength is. 
You choose the way you want to go, report your re-plan over radio, and in relation 
to where you are we can move the event scenarios we want you to go through 
irrespectively what direction you have chosen. You do not have to think about any 
constraints like -didn´t he say that we had to follow the colored line?, no. Just try 
to continue and if you experience something that maybe we haven´t seen or are 
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aware of and you perceive it being “special occurency” and you decide to take 
another direction long before we realize that.  

We sit behind you and see all your choices and where you end up in the game 
environment. So do not think about this part and if you need help, QRU -ask for 
support over the radio if needed. We will try to support you. That it will come a 90 
or a helicopter and support. We will see what we can do because this is the first 
time we are running it in this new environment. It is the first time we test this 
game with this map, so therefore it is down in the province so it is an authentic 
map... You now go and find the controls and Daniel learns you how to drive the 
vehicle so you can stop it if needed, so you don’t kill anybody on the road. It will 
have consequences if and when you do it. So you find the controls. You will go as 
Patrol Leader M.” 

The scenarios  
The full scenario is a fictive event chain that is simulated and mediated in VBS2ᵀᴹ (see 
the driver visualization on Fig. 7). The situation is that the group will start at the CAMP 
and then follow a predefined pathway and report what position coordinates the patrol will 
choose when going to X (the governor) in the area, in a town somewhere in Afghanistan. 
The leader group, control room group (1 technician and two instructors) will receive a 
Flapsheet from the team that indicates the intended route through the town. 

  

 

Figure 7. A print screen on the driver but PL was played in first person view and not recorded in 3rd 
person view. 

Before the scenario starts, the team has to keep in mind and also bring along the books 
needed if a peculiar situation should occur, and they may have to contact TOC, here role-
played by the control room group. The most general rules governing these kinds of 
simulations are what are called Rules of Engagement (ROE), and a mission is always 
operating under the Charter of the United Nations and Statute of the International Court 
of Justice. This law book contains 7 Chapters, and for every Chapter specific ROE are 
incorporated. Standing Operation Procedures (SOP) is based upon ROE. ROE are used in 
military and police operations to determine when, where and how force shall be used. 
“Such rules are both general and specific, and there have been large variations between 
cultures throughout history. The rules may be made public, as in martial law or curfew 
situation, but typically only fully known to the force that intends to use them- The ROE 
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should comply with the generally accepted martial law.”40 The British Ministry of Defence 
officially has defined ROE as “Directives issued by competent military authority which 
delineate the circumstances and limitations under which UK forces will initiate and/or 
continue combat engagement with forces encountered”41

Operational staff have a soldier card along in their pocket and this card states what you 
as person can and cannot do, the DO´S and DONT´S. The soldier card is shortened to its 
most essential elements so it’s possible to manage and practice without back up support 
from Brigade Staff. If there are situations that are more complex, the Brigade Staff have 
to be contacted so the decision is made by them in how to proceed. 

 . 

There is no time limit to the scenarios – as the purpose for the groups is to train 
themselves out of problems in VBS2ᵀᴹ at the home arena. The teams are also sitting 
separately from each other. The red cursors on the following print screens from the 
scenarios are where gaze has been allocated while interacting. All objects are 
representations. The training scenarios are A1-A8, Fig.8-16 (all of the figures from the 
scenarios can be found in appendix A): 

A1 Leave Camp; ISAF guard soldiers control Vehicle Patrol, has left Flapsheet in 
TOC. Opens the gate and own staff drives out in Area of Responsibility 
(AoR). 

 

Figure 8. PL talks with own ISAF guard soldier. 

A2  Follow Flapsheet; Own staff passes (meets) traffic, local inhabitants and 
animals along the streets.  

                                          

40 http://en.wikipedia.org/wiki/Rules_of_engagement, accessed 2009-10-25 
41 Death by rules of engagement by Diane West (?), accessed 2009-10-25 
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Figure 9. PL fixates face and chest region on a man. 

A3 Incident along the road; Own staff meets a local accident. There are people 
around the local vehicle, and they are searching for help. 

 

Figure 10. Fixations on one of the men. A man is lying on the ground. 

A4 Afghan National Police (ANP) Checkpoint; Own staff is stopped at 
checkpoint. The reason is first said to be fire in some of the quarters but the 
real reason is due to checking vehicles for weapons and if they carry 
criminals. The security aspect makes it not possible for ISAF to proceed here 
so re-planning has to be done by the trainees. 

 

Figure 11. PL attends ANP staff and middle-ground while communicating  
with the third policeman by the vehicle.  

 
A5 Re-plan; Own staff chooses a new road, it is reported to TOC so there will be 

a checkup.  
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Figure 12. Driver starts to turn left and PL follows with gaze. 

A6 Afghan National Army (ANA) in wrong place; Own staff sees ANA with 
vehicle. Questions arise about what they are doing there? 

 

Figure 13. A dialogue with ANA staff and gaze on mouth. 

A7 Improvised Explosive Device (IED) observed; Own staff sees what is 
comprehended as being an explosion.  This happens close to the camp that 
sends out support; Own Flapsheet is interrupted. 

 

Figure 14. The same car they passed before is overtaking them. 

 

Figure 15. Sequence when IED is thrown in front of ISAF vehicle. 
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A8 Return CAMP; Patrol over.   

 

Figure 16. Ground vehicle with PL and driver sees ISAF guard soldiers again. 

THE 2ND FIELD STUDY 
The 1st field study had two instructors using the simulator in the role of trainees, while 
the second field study had around 25 people in training. The two training occasions have 
the same scenarios so there is no difference concerning the designed content.  

The leader group functioning as TOC, control room group (this time including two 
technicians and two instructors) will receive a Flapsheet from the teams. The teams can 
be followed via a big screen in the simulation room right ahead of where the leader group 
sits in the control room. Communication regarding decisions will be via radio. 

This time the teams consist of 4-5 people, one lead patrol with 2-3 officers and one 
following vehicle after with 2-3 more officers. The lead vehicle has the PL for the whole 
team. The simulation training had two full teams in the morning and also two full teams 
in the afternoon.  

All sessions were audio recorded and retrospectively all officers answered a 
questionnaire. The simulation platform staff also recorded the sessions via screen but this 
material wasn´t available for security reasons.  

The analysis of the data has first involved transcribing visual data and sound, hence 
communication between the participants. The transcription is not optimal in relation to 
the development of the previously used method of linking the eyetracker to the 
simulation engine, but it is a step towards gaining higher comprehension of how the 
former developed method can contribute to the aims within the military simulation-based 
training. Questionnaire data was also analyzed. 
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MODELS   
To make a model means to create “a representation of something, either as a physical 
object which is usually smaller than the real object, or as a simple description of the 
object which might be used in calculations”42

This section provides an overview of both types of models used in the thesis. Cognitive 
models (type 1, summarized in Figure 17) can potentially be used to implement different 
technical solutions for both training and operational tasks, and to automate decision 
processes for autonomous agents; these models can therefore potentially provide 
components for the type 1 systems modeled in this section. Based upon field studies of 
simulation-based military training, no single cognitive modeling method (e.g. BDI) has 
been found to be adequate to model all individual and group decision making of interest. 
Hence a series of six cognitive modeling methods will here be presented, starting with 
BDI but then developing several variants that may contribute to the modeling task in a 
more complete way and be useful as a basis for further development.  

. Here we are interested in two broad types 
of models: 1. models of cognitive decision processes in operations as a basis for 
understanding and evaluating learning in simulation-based training, and 2. system 
functional and architectural models. The transformations/extensions of the BDI model 
and how it might function in an operational system architecture are original results of this 
thesis project motivated by the findings of the field studies.   

Cognitive Models 
The answers to the research questions motivating this thesis: 

RQ1: How do objects trigger dialogue in observational tasks? 

RQ2: How can the results of simulation-based training for emergency situations be 
described and evaluated?  

RQ3: How do debriefing and learning create the cognitive comprehension that is the 
competency developed in a group? 

are answered in relation to a series of cognitive decision models in operation at several 
levels of abstraction, describing, respectively: 

RQ1: the link between visual behavior and verbal behavior in individual and 
operational group contexts. 

RQ2: both target and actual decision criteria at all levels of abstraction or 
organizational structure, from individuals (and specific submodules of cognition linking 
perception to action within individuals), through groups, to high level decision criteria, 
policies, etc. of organizations. The relationship between target models and models 
achieved through training represents training effectiveness. 

RQ3: collective (group) decision models negotiated via debriefing discussions. 

This section describes the levels of models required in detail. 

The cognitive modeling methodology and software called Beliefs, Desires and Intentions 
(BDI, Bratman, 1999/87) functions as the starting point for cognitive operational 
modeling in this dissertation work. However, BDI has not been found to be sufficient for 
                                          

42http://dictionary.cambridge.org/dictionary/british/model_4, accessed 2010-05-06 
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modeling all aspects of decision processes in the military application domain discovered 
in the field work conducted by the author of this dissertation. Hence the process models 
shown on Figure 17 begin with BDI, but then present a series of variants resulting from 
working with BDI and interpreting it from an organizational point of view of education, 
instructor point of view, simulation-based training purposes, operational scenarios in the 
field, team aspects, and debriefing. When looking at the model we can say that the 
original BDI model stands for the organizational framework and how the framework and 
rules are modeled over many years such that the organization stands for certain values 
and rules, that all individual activities within the organization are supposed to conform to. 
So we can say it is an intrapersonal43 as well as an organizational44

The whole development of the BDI-derived cognitive modeling methods concerning 
operation are described here in detail, including: 

 model. 

- BDI and its framing 

- the training AᴋsGA in the military education 

- OGA – the simulation mediated perspective following Wooldridge´s (2000) 
implementation of the BDI into an algorithm 

- the OPA/OPᴅA and OPᴅAᴛ using VBS2 and eyetracker/adaptation emphasizing object 
perception and taking advantage of rapid eye gaze 

- IDCᴛᴏ where imperfect experience and debriefing are major corner stones 

The learning outcomes then optimally feed into the cognitive operational BDI model 
again. This is a suggestion for how to contribute to system development where learning, 
sociability, time issues and technology can provide tools to meet requirements for 
decreasing gaps in training, safety and security in open and closed worlds, or a mix of 
both.    

                                          

43 http://www.mypersonality.info/multiple-intelligences/intrapersonal/, accessed 2010-
05-05 
44 
http://www.cognitivebehavior.com/management/concepts/organizationalmodels_table.ht
ml, accessed 2010-05-05 
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Figure 17. BDI, a cognitive reasoning model, and its development over several steps from individual and 
organizational point of view, education through operational missions in teams, to retrospective 

performance evaluation. The last step is gathered competency that can feed into a system and an 
organization again. The OGA layer has no real world consequences. An iterative process with continuous 
updates, the process is supposedly never becoming static. The graphical driver in the centre is showing 

that it is a dynamic process. 

THE ORGANIZATIONAL AND INTRAPERSONAL LAYER OF BDI 
The original BDI model (see Fig.17) has been criticized for not being suitable for building 
systems where behaviors like learning and social abilities are of high priority. To build a 
system using BDI, these behaviors have to be incorporated already on the architectural 
level. While most computer systems are based on “perfect information”, algorithmic 
mathematical equations and functions, the changing world we have around us craves 
systems that are not static, they have to be dynamic and adjust to different variables 
that may be in focus one day and may change another. Also, technological support in 
human-human interaction in relation to this is part of the mapping. Conventional 
software systems are designed for static worlds with perfect knowledge – here we are 
instead interested in environments that are dynamic and uncertain, where the 
computational system only has a local view of the world (i.e., has limited access to 
information) and is resource bounded (i.e., has finite computational resources, Georgeff 
et al. 1998). 

If we take the BDI model as it is, there are certain constraints if we use it for operational 
purposes in fast paced decisions. BDI is perfectly fine from an organizational and an 
intrapersonal point of view, but when it comes to operational tasks in situations of 
observation with ROE as a framework, we have to think of a model of another kind.  
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The word desire has been debated and in economics it is about wanting and longing; 
here it is rather about motivation45

Beliefs, desires and intentions are therefore perceived here as a model that lays as a 
background basis for an organization, where frameworks are developed over long periods 
of time and also where documentation and negotiation are important processes for 
forming a stable framework. The pathos of the organization and its contribution to a 
peace process is of high importance.  

 of goal oriented behavior, a thought that leads to 
action. The thought can vary depending on what kind of situation we may meet. Desires 
do not really have a functional place when it comes to operational tasks in a changing 
environment, since action responses are prebuilt during training. The routines and the 
intensions of a certain framework are worked out beforehand and discussed so they 
should not need elaboration while performing varied tasks in the field that are not 
routine.  

This belief-desire-intention framework is what an individual is `accepting´ when deciding 
whether to join an organization or not. The values and the ideology in the case of the UN 
charter and peacekeeping missions stand for hope, good and human peace (United 
Nations, 2008). On the intrapersonal level, beliefs are elaborated and depending on 
private status concerning being single, divorced, married, having any children, kind of 
religion or no belief in any religion at all, it may be easier or harder to take a decision of 
joining an organization or not. Desires probably play a major part in this and can include: 
attending again because it was a former good experience, to earn money, to make a 
contribution to a messy world, to go away from a family situation, to join because other 
colleagues have decided to do so, career advancement, etc.. The intension then is 
actually to decide to go on a mission (or not).  

Once a person has joined a military organization, from the organizational and 
intrapersonal layer they will be trained and prepared by the organization. Instructors and 
staff will train their future staff before they are leaving their home country. Officers 
joining have former schooling in the military and an awareness of the organization, but 
maybe have not been operating in an international mission before, in the current case, 
with ISAF forces. Hence the BDI organizational layer frames the whole organization and 
mission, and mission training includes training in the values of this layer. 

AᴋSGA 

A stands for Ability, ᴋs for Knowledge and Skill(s), G stands for Goal and A for Action. The 
abilities, officers are to practice have to function as background knowledge, a backbone 
plan, which will be used in most activities carried out in an international operational 
mission. The trained AᴋsGA (see Fig.17) plans are those the officer applies when knowing 
how to act in certain situations.  

This level of action selection is largely captured in the book The ability model ( 
Duglighetsmodellen, att styra med kvalitetsmål, Tillägg till LTU, Försvarsmakten 
1988);the book aims to make education effective at least in part by having people use 
the same concepts and having a collective language for goal formulations in qualitative 
terms.  

                                          

45 http://en.wikipedia.org/wiki/Motivation, accessed 2010-05-05 
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AᴋsGA includes the ability model used in the military education in Sweden. The Ability 
model has been and is in use for educating military staff both for national and 
international missions. The literature to the left in Fig.18 is a book used by instructors at 
the Life Guard Regiment at IntUtbE in Sweden. The other book used by the Defence 
department shown in Fig. 18 implements and extends the former book: the later book 
has just taken bits and pieces of the earlier book and added a lot of pedagogy to it; there 
are around 20 co-authors involved. One of the instructors says that they still use the 
former book because it is more direct.   

 

Figure 18. Military educational books; The Ability Model (Försvarsmakten, 1988) and Pedagogical 
Grounds (Försvarsmakten, 2006). 

Instructor Christian Christensen at IntUtbE, says that `The Ability Model´ shapes a 
comprehension of simulation-based training sessions for upcoming missions. It makes 
education effective, including training people to use the same concepts and having a 
collective language for goal formulations in qualitative terms (see also the description of 
human cognitive abilities46

The `Bratman Intention´ level  (Bratman, 1999/87) is described by IntUtbE as HOW TO 
DO which could be said to be based in Belief plus Desire which then gives the Intention 
layer as how to perform or how to do something, B+D I. The result of the training 
process is to combine APPLICATION (ability) as KNOWLEGDE and SKILL with educational 
goals so the trainees know how to act in different situations, e.g. how to stop blood 
pumping out from an artery or how to shoot. The educational model means that a trained 
person has done an action before and can do it independently and also that time 
pressure can come into the picture without being a problem.  

).  

So the formula for the `Ability model´ using the BDI model as an analogy would be: 

Individual/Team ROLE: AppKnowledgeSkill  + GOAL => HOW TO DO 

Christensen says that individually it can mean to learn how to use a vehicle, a weapon, a 
system (also self systemization), etc.. On a group level it’s to bring people together with 
different experiences and give them a formal education about a certain area or context. 
At this stage it is also a consideration about history, culture, background experience 
                                          

46 
http://www.google.com/books?hl=sv&lr=&id=jp9dt4_0_cIC&oi=fnd&pg=PA3&dq=militar
y+ability+model&ots=dzDWMfIkV0&sig=cmmQASd01l5X4hzqVY3ssvaOiwU#v=onepage&
q&f=false, accessed 2010-05-05 

http://www.google.com/books?hl=sv&lr=&id=jp9dt4_0_cIC&oi=fnd&pg=PA3&dq=military+ability+model&ots=dzDWMfIkV0&sig=cmmQASd01l5X4hzqVY3ssvaOiwU#v=onepage&q&f=false�
http://www.google.com/books?hl=sv&lr=&id=jp9dt4_0_cIC&oi=fnd&pg=PA3&dq=military+ability+model&ots=dzDWMfIkV0&sig=cmmQASd01l5X4hzqVY3ssvaOiwU#v=onepage&q&f=false�
http://www.google.com/books?hl=sv&lr=&id=jp9dt4_0_cIC&oi=fnd&pg=PA3&dq=military+ability+model&ots=dzDWMfIkV0&sig=cmmQASd01l5X4hzqVY3ssvaOiwU#v=onepage&q&f=false�
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within the group and also different knowledge and/or comprehensions about a country. 
Christensen says from an educational point of view, the aim is to fill everybody up to a 
collaborative lowest level in/for a context. 

If we look at the original BDI model and the AppKS+Goal resulting in the action in a 
training situation, there is time to consolidate different steps in the education process 
and retry and question different frameworks and routines in order to develop the target 
competencies.   

From the organizational and intrapersonal BDI, see fig. 17, we move further in to 
education and training and one of the instructors would put the BDI model here in 
relation to their use of the ability model, Figure 19. The “I” is future intention or how to 
act in the future. The BDI model is not used in military training but seems to share 
similarities. 

 

Figure 19. The learning process of how to do in a future intended action. 

The AᴋsGA training ability model (Fig.20) used in military training results in certain 
changes in maturity of tasks over time. Action is here meant to be more direct, in the 
near future, but still a future action when being educated. When we are learning in 
educational terms we do it in purpose of building up knowledge and skills to be able to 
meet the challenges that will meet us.  

 

Figure 20. The AᴋsGA model for military conventional training.  

The AᴋsGA model, see Fig.20, in its context (Fig.17) helps to bring clarity to qualities and 
quality levels for an individual as well as for a team. The description and use of the ability 
model “…is especially useful in goal formulations as well as planning, performance, 
analysis and evaluation of education” (The ability model, Försvarsmakten, 1988). In AI or 
in agent terms, it is not about education but learning, making an agent or a system able 
to learn and how a system learns or understands social negotiation and team decisions.  

In relation to this model, goals are explained as something happening in the future (Fig 
20). Goals are in the future with different degrees, some within a second and some a 
long time ahead. Therefore to meet a goal there is certain steering considerations to take 
into account. To reach the goal there must be specific information that supports what a 
person has to know and what to learn. A taxonomy helps to systematize the planning 
and also functions as a communication instrument among everybody in the team. 
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The book (The ability model, Försvarsmakten, 1988) explains the need for knowledge, 
skills, creativity and independence as well as adjustment and understanding. It goes on 
to explain that learning, training and development rely upon the following factors: 

- Humans have the capacity for continuous development, but are dependent on 
stimuli and adjustment with the surroundings. 

- Positive assumptions about possibilities result in better learning, training and 
development.  

- Visions and imagination about the future are important in education, therefore 
the competence that is shaped will first be used in an operational future. 

- In our memory things that engage us are registered especially well. The 
strongest experiences and the greatest engagement give the best basis for 
learning. 

Knowledge (theoretical competency) means actively being able to use ones knowledge 
verbally or in written form. 

Skill (practical knowledge) means here to carry out actions that are possible to predict 
and plan. There are also pattern skills (drill skills). We have of course skills that can be 
predictable and planned but also those that may occur without any warning; in many 
cases it is impossible to predict and plan for all possible future events. 

Comprehension means that one’s events can be steered within the surrounding world as 
well as in space and time. It is to have a comprehension for the whole, the purpose of 
the organization and other people´s situation, bringing an ability to see the good for the 
group instead of (or as well as) one’s own. 

The ability model book (Försvarsmakten, 1988) describes adjustment, creativity, and 
independence in detail both from an individual level as well as from a team perspective. 

 Adjustment is to quickly try to understand and actively and positively act from other 
people´s or new situations demands, including: 

- adjust to unexpected situations 
- like and use the situation 
- adjust to tasks at a junior level 
- fit in to the team 

Creativity here means to be able to proceed in a new way in unplanned situations or to 
combine old parts to create new solutions: 

- Look at relations from different perspectives 
- See alternative solutions 
- Generate new ideas 
- Independence 

Independence means to take initiatives and responsibility, to act quickly and without 
being dependent on orders from others and steering: 

- Being able to make one’s own decisions 
- Stand for one’s own opinion 
- Willing to take responsibility 
- To take initiatives 
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In all these factors there are some background factors such as values, attitudes, 
motivation, engagement and potential that are continuous ongoing evaluations that can 
be of use or have to be suppressed. The words `values´ and `potential´ are defined in 
the CEO and leadership chapter in the educational book (The ability model, 
Försvarsmakten, 1988). Attitude here means will to act/be part, trust for material and 
colleagues. Motivation from an instructor’s point of view can be to have insight about 
education needs and then wish to become better as an instructor or to make a group 
become better. Engagement is described as a `feeling of being part´, having co-
responsibility and/or self realization. 

OGA 
The Object, Goal (in context) and Action (OGA) stage proposed here operates in a 
training or adjusting phase where the time is quite undemanding, i.e. there are no real 
world consequence situations when being used in a simulation-based training. The 
simulation-based training uses computer generated visual stimuli with 3D digital objects 
in the predesigned scenarios where actions are carried out via keyboard (here the 
eyetracker capture what objects the officer/PL is looking at in real time).    

The original BDI model has its percept layer outside the model, while in OGA it’s lifted 
into the model as “O”, the object layer. This layer replaces Belief with tangible object 
perception. The object can of course be any object and also those vehicles or weapons 
one is educated to handle. “G (in context)” adds the dimension of what kind of world and 
regional situation it is so the team knows how to behave and in relation to the general 
state they can elaborate what actions they are permitted to take. I would say that this 
state is a typical long term interaction and a bridge from typical ability training and long 
term negotiations into every day operations, a state of peacekeeping operations where 
the OGA can be a prolongation of the BDI and both models work in parallel.   

We have now gone from BDI to AᴋsGA to OGA (Object, Goal and Action), where Belief is 
replaced with Object as the source of information, Desire is replaced with Goals and 
Intention is replaced with Action (see Fig.17). This means that certain tasks in relation to 
`the state of the world´ change. In simulation-based training this model is more 
accurate when the updates of the engine with its rendering shape another, faster pace 
for exercising decisions. The officer observes the world, in this case scenarios in VBS2, 
and the world contains objects of different kinds. Hence with each simulation tick, we 
have a function: 

𝑓 ∶ 𝑂 ∗ +𝐺 → 𝐴  

Where O* represents Objects, in-simulation objects with collision boxes, G represents a 
set of possible goals, and A is a set of possible Actions. The function is a mapping from 
Objects and Goals directly to action, a reactive process without extended deliberation.   

Wooldridge (2000) uses the BDI model because it combines three important elements: 1) 
It is founded upon a well-known and highly respected theory of rational action in 
humans, 2) It has been implemented and successfully used in a number of complex 
fielded applications, and 3) The theory has been rigorously formalized in a family of BDI 
logics. 
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To bring the BDI model to an algorithmic state, we have to consider what use we can 
have of this model and how to implement it so it becomes useful. The data we gather 
gives us three possible answers: 1) it is a model for comprehension of decision making 
and its included cognitive processes, 2) if sufficiently formalized, the model can generate 
artificial decisions as support or within autonomous agents for collaboration, and 3) these 
autonomous agents could be used to create artificial training colleagues to challenge us 
in various ways.  

I will here bring in Wooldridge´s view (2000) about Beliefs as `what´ (what state of 
affairs we want to achieve) and Desires as `how´ (deciding how we want to achieve that 
state of affairs), but foremost his discussion about the implementation of the BDI model 
so an agent architecture becomes comprehensive. Wooldridge’s `how´ we can shape to 
become the ‘goal of how´ and this is very much how a learning process works when 
learning (i.e. it is driven by the goal to learn how). I will use these concepts from 
Wooldridge as background so my developed models are hopefully easier to follow. I will 
add comments about the BDI model and its transformation step by step to become the 
OPA, OPᴅA and OPᴅAᴛ models in algorithm 4. We start out with an algorithm from 
Wooldridge called `agent control loop version 1´: 

1. while true 

2. observe the world;  
3. update internal world model; 
4. deliberate about what intension to achieve next; 
5. use means-ends reasoning to get a plan for the intension; 
6. execute plan; 

7. end while 

Wooldridge points out that he is not concerned with stages 2) and 3), he says that these 
are important processes worthy of study in their own right, but are outside the scope of 
his book (Wooldridge, 2000). He is not concerned with how beliefs and alike are 
represented, they can be represented symbolically as logical statements, e.g. as PROLOG 
facts or in LORA.  

The agent is designed to observe the world, to decide what intention to achieve next, to 
get a plan to meet the intension and then to execute the chosen plan. So his main 
interest is to focus on the stages after the observation/perception stages. Wooldridge 
also points out that the deliberation and means-end reasoning states have a time cost. 
Deliberation is by definition “Discussion and consideration of all sides of an issue: the 
deliberation of a jury”47. Means-end-reasoning means “Many times one form[s] an intention 
to do something and proceeds [to] reason about how. For example, at 10:00 a.m. on the 
east side of Manhattan I form the intention to meet Susan at Times Square at noon. I 
then engage in means-end reasoning about how to do this, and reach a decision to take 
the Times Square bus.”48

                                          

47 

. To include the percept we have to think of the model a little bit 
differently, deliberation and means-end reasoning in a fast paced decision process have 
maybe to be elaborated with two processes, e.g. BDI and OPA, executing simultaneously 

http://www.thefreedictionary.com/deliberation, accessed 2010-05-05 
48 http://www.jstor.org/pss/2184441, accessed 2010-05-05 

http://www.thefreedictionary.com/deliberation�
http://www.jstor.org/pss/2184441�
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when a decision is going to be made. Or, maybe the BDI model has to run in parallel with 
an OPA, OPᴅA and/or OPᴅAᴛ process, etc..  

To look at the control loop, we already can see clearly that in stage 2. and 3. we have to 
add position (x,y,z) to account for `where´ a perceived object is in addition to what and 
how. The `what´ should here stand for Beliefs and if we look into how human visual 
processing happens then we also have to add `where´, if relating to neurological centers 
and spatiality. We have to keep in mind that if we allocate tasks to agents they may 
often be time critical tasks in dynamic environments (360°). The perceptual part of 2. 
and 3. arise and here provides external input to the decision system. Meaningful 
interpretations (e.g. classifications) of the input data are referred to as percepts.  

Wooldridge says we need rules for the BDI operators so the system understands what 
relations and procedures to use when new information input enters the system. 

Wooldridge´s belief revision function will now be explained and this will be replaced with 
an object revision function instead. 

The belief revision function is: 

brf : ρ(Bel) X Per  
ρ(Bel) 
 

where Bel is the set of potential beliefs, Per is the current percept, and ρ refers to the set 
of objects (…)49

brf : ρ(Bel) X Obj  ρ(Bel) 

. If we take the Per(cept) being instead a perceived Obj(ect), then the 
belief revision function looks like this:  

 

This means that current beliefs and current percepts, here objects, determine a new set 
of beliefs. 

If we instead use objects instead of beliefs, we get an object revision function instead of 
the belief revision function: 

orf : ρ(Obj) X Belief  
ρ(Obj) 
 

The Belief here would then stand for a value in relation to context. This means then that 
current objects and current beliefs determine a new set of posited objects. 

The deliberation process (composed of option generation and filtering) represented in its 
original form as: 

deliberate : ρ(Bel)  
ρ(Int) 
is changed when objects are replaced by beliefs to become: 

                                          

49 This usage of ρ differs from Wooldridge (2000), who uses ρ to refer to a percept. 



55 
 

deliberate: ρ (Obj)  
ρ(Int) 
 

This means that the agent takes a set of objects and returns a set of intensions – those 
selected by the agent to achieve, on the basis of the objects around. These intensions 
become actions in the AᴋsGA, OGA, OPA, OPᴅA and OPᴅAᴛ models: 

deliberate: ρ (Obj)  
ρ(Act) 
 

The agent´s means-ends reasoning is represented by the planning function: 

plan : ρ(Bel) X ρ(Int)  
Plan 
 

If we exchange the belief with the concept of object and intension with action we get: 

plan : ρ(Object) X ρ(Act) 
 Plan 
 

In BDI systems, the plan(…) function is implemented by giving the agent a plan library, 
which is a set of plans for different occasions/situations that the agent can choose from 
to be useful for certain events and mediated actions, see chapter `Design and 
Implementation´. If the agent is implemented, a plan has pre- and post conditions 
represented as lists of first order logic where beliefs and intensions are stated. So first it 
is required to find a plan to reach for a certain intension, then to go to the next step to 
find a plan where the pre-condition unifies with the agent´s beliefs. Here instead the 
preconditions must unify with the agent´s set of perceived object(s). 

The next algorithm, transformed from Wooldridge (2000) to become an OGA algorithm 
(Fig. 21), carries some limitations in relation to the state of the world between 
observation and its execution of a plan, the time issue being of concern again. This 
means that the agent can be in danger if the plan is executed and the state of the world 
is different because the execution time for the plan takes too long and the world 
changes. To prevent this there has to be a refinement of the agent loop, here called 
agent control loop v.2; we can also call it `static slow world´.  

Algorithm: Agent Control Loop version 2:  
1.  O :=O₀; /*O₀ is the initial state of the world*/ 
2.  while true 
do 

 

3. get next object o; / *get next field of view */ 
4. O :=orf (O, value);  
5. A :=deliberate (O);  
6. π :=plan (O,A);  
7. execute (π) 
8.  end while  

Figure 21. A transformation from BDI to Object, Goal and Action (OGA), where π is a plan (Goals are 
addressed below) 
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In this algorithm, the observation of the world happens in stage 3 and after that the plan 
is selected and executed. Before the plan can be executed, the state of the world has to 
be updated and if we use an eyetracker with object logging we have maybe new objects 
in the field of view, but more precisely a new fixation(s) of a certain object (detected by 
its collision box in the simulator) with every update loop of the simulator. So the change 
here is to use the real time gazed object to become the percept (see Sennersten et al, 
2007). The belief revision function is then replaced by an object revision function where 
the original percept (B,p) instead becomes the value of the object at particular time, and 
B:= brf(B,p) becomes O:=orf (O,value): 

orf : ρ(Obj) X Value 
ρ(Obj) 
 

If we look at row 5 of Fig. 21, action is derived by deliberating about the objects and the 
fixated object (with their values). 

The algorithm stipulates to choose a plan and we have to hope that there are some plans 
to choose from so a meaningful choice can be made. Once a plan is chosen, the agent 
must commit to execute it. A potential problem here is timing, because the state of the 
world that justified selection of a plan may change before the plan has been executed. 
However, at stage 5 the agent is committed to its action until it completes execution at 
the end of stage 7. 

The plan options can be alternatives or variations that can have critical importance in 
negotiations or what actions are allowed if certain scenarios or events arise. Creating 
these options is called option generation, and filtering is when an agent has to choose 
between competing options. The options Wooldridge (2000) talks about are current 
beliefs and current intensions forming a set of options that he refers to as desires. In our 
revised method, the beliefs are replaced by current objects. Now, to add the options and 
the filtering, the agent algorithm is modified as shown in Fig. 22.  

Algorithm : Agent Control Loop version 3, option and filter 
1.  
2.   O := O₀;
  

/* O₀ are initial beliefs */ /*state of the world*/ 

3.   A := A₀;  /* A₀ are initial actions */ 
4.  while true do  
5. get next object o;  / *get next field of view */ 
6. O :=orf (O, value);  
7. G := options (O,A);  
8.  A := filter (O, G, A);  
9.  π := plan (O,A) 
10. execute (π) 
11.  end while  

Figure 22. The algorithm using OGA. 

The original option generation function (from Wooldridge, 2000) is:  

options :  ρ(Bel) X ρ(Int)  
ρ(Des) 
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but with the Belief changed to Object(s), Intentions to Actions, and Desires to Goals, the 
option generation function looks like: 

options : ρ(Obj) X ρ(Act)  
ρ(Goa) 
 

To be able to choose an option the agent has to be able to use a filter function so the 
best option can be the choice to commit to. The original filter function (from Wooldridge, 
2000) is expressed as: 

filter : ρ(Bel) X ρ(Des) X ρ(Int) 
 ρ(Int) 
 

Now if we add Object instead of Belief, Action instead of Intention, and Goal instead of 
Desire, we get the filter function: 

filter : ρ(Obj) X ρ(Goa) X ρ(Act) 
 ρ(Act) 
 

For Wooldridge (2000), Desires are input to the filter function while Intensions are an 
output from it. In our case, Goals are input to the filter function while Actions are an 
output from it, the Actions stand for `how´ and the Goals stand for `what to do´. 

The BDI model is a model that seems to be representative from an organizational and 
from an initial intrapersonal point of view. The Object, Goal and Action (OGA) model 
brings the 3D percept right into the model instead of keeping it external. One argument 
for building the percept layer into the model is to save time for people working in time 
critical situations and that can mean to save lives. To earn seconds or fractions of 
seconds can be critically important for individuals, teams and organizations. This kind of 
model can of course log what is gazed in a fast paced environment, but if you can log 
then you can also steer by gaze if you are occupied, etc.. This could be used, for 
example, as a help device in negotiation, life critical situations, or if your hands are 
occupied and you have to act fast with maybe no help, etc.. This functionality can be 
used both for training and for operational purposes where technology for augmentation 
can support and enhance human performance. 

The question arises of how committed an agent should be when an option successfully 
passes through the filter function and the agent has selected an action. This may be two 
questions: 1) how committed, and 2) for how long? There are different kinds of 
commitments (Wooldridge, 2000): i) blind commitment/fanatical commitment, ii) single-
minded commitment, and iii) open-minded commitment. If, for example, a vehicle patrol 
is planning to go a pre-decided route and everybody in the team has decided so and then 
all of a sudden they meet obstacles or something stopping them to continue on a pre-
planned route, they then have to reroute or re-plan how to proceed. Considering this in 
the agent control system and how it can operate, if an object becomes an obstacle then 
the agent or the team has to consider a new path and communicate this with TOC. How 
is this accomplished in the algorithm? At row 2 the Oᴏ are initial objects, the state of the 
world that can change depending on actions made in the world. Those changes create 
different values and depending on those values the state of the world can change to 
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become all those adjectives that either can be of good or become life critical, etc.. An 
agent must meet the individual objects and their adjectives or values in the world, and 
must be able to form its own options to create action or interaction. This can be 
expressed as: 

options : ρ(Object) X ρ(Act)  
ρ(Goa) 
 

Options are those variations an agent has to consider and choose from before executing 
a chosen action. The actions have to be elaborated quickly and, if we keep in mind the 
ability model, it is necessary that at least some training aims for direct and rapid action 
selection50

Here we introduce the Object, Purpose, Action, or OPᴅA, model. We replace the learning 
`Goal of what´ with Purpose. A purpose more accurately expresses a process which may 
not bring a full cognitive thought process into account but rather skills that have been 
trained and practiced to a point of automated performance, framed with the DO´S and 
DONT´S but functioning as background plans. The actions here are fast paced reactions 
and are more direct actions than a mental deliberation of what to intend to do in a critical 
situation. Still, the intention is built up and framed from an organizational perspective, 
and this is the organizational factor lying behind training for purposive action. So we now 
have the Object, Purpose and (direct) Action (OPᴅA) model to suit fast paced decisions of 
this kind. The algorithm is then modified as shown in Fig. 23. 

. Hence an action can be regarded as a deliberatively chosen behavior in 
response to certain stimuli, interaction is more of dialogue, and direct action, ᴅA, is more 
or less reacting with the spine, i.e. a highly automated response (lots of training behind) 
with little or no deliberation.  

Algorithm: Agent Control Loop version 4, re-plan OR reroute 
1.  
2.   O := O₀; /* O₀ are initial objects */ /*state of the world*/ 
3.   ᴅA := ᴅA₀; /* ᴅA₀ are initial actions */ 
4.   while true 
do  

 

5. get next object o; / *get next field of view */ 
6. O :=orf (O, value);  
7. P := options (O,ᴅA);  
8.  ᴅA := filter (O, P, ᴅA);  
9. π := plan (O,ᴅA) 
10. while not empty (π) do 
11.                           α := hd(π) ; 
12.                           execute (α) ; 
13.                           π := tail(π) ; 
14.                           get next object o;  / *get next field of…*/ 
15.                           O :=orf (O, value);  
16.                          if not sound(π, ᴅA, O) then  
17.                                                         π := plan(O,ᴅA)   
18.                           end-if 
19. end-while 
20.  end  

                                          

50 means a spine decision that has been trained several times. 
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while 

Figure 23. OPᴅA with re-plan option, where hd is the first item (head) of a list of actions, tail 
is the rest of the list, and a is the current action. 

The algorithm above introduces reactivity (Wooldridge, 2000). Usually the agent will 
engage in means end reasoning when it believes a plan has failed OR when an object is 
not showing OR receives another value. So if the current state of the world has changed 
then the action will be broken and the agent has to allocate resources and commit itself 
to another action with those options available. The agent has to enter a fast paced 
means-end reasoning stage to find an alternative plan.  

Additional algorithms are possible to develop depending on different needs and purposes. 
It can be that to find an alternative plan the agent may need to lay down an action which 
is impossible or is already achieved. Another alternative would be that if the agent is fully 
committed to an action and executing the plan, this execution could be interrupted either 
in the execution or right before the action. This would mean reconsidering an action 
before executing it, a change in choice. This is especially important for rapid changes in 
movement, an option, of an object.  

There are agents referred to as cautious agents. In fast paced environments a cautious 
agent operates such that if information sources change or move into different positions, 
there will be a possibility to reconsider an action choice and its outcome. More optimal is 
if an action can be interrupted during execution if the circumstances are shifting. 
Wooldridge (2000) suggests incorporating a meta-level control component. The idea he 
presents is to implement a Boolean-valued function, a reconsider function, that 
reconsiders intension and belief (I,B); here the equivalent would be to reconsider the 
Action and Object (state of the world) (A,O). 

We have now described the models in a high level form that could in principle be 
implemented. Next we continue with the OPᴅA and its pre-state OPA. 

OPA AND OPᴅA 

O stands for Object(s), P for Purpose and A for Action. OPᴅA, stands for a level of direct 
action that may be modified by a deliberative context (see Fig 17). When using the BDI 
model in fast paced decision contexts, the model has to be modified to suite 
observational tasks and fast decisions. My field study has shown that in this case it is 
more suitable to replace Desire and Intention with Purpose (P) and Action (A), and we 
then get Objects, Purpose and Action becoming the OPA model. Critical situations are 
more about direct action rather than just action, where direct action means a trained 
action, a spine or learned reflex reaction to act automatically and not to think too much 
or for too long because there is not enough time. The earlier statement about scenarios 
testing cognitive decision-making and judgment rather than skills may eventually lead to 
the capacity for skill-based direct action when there is no room for cognitive decision-
making in the actual moment, or direct action responses may be trained in a way that 
does not rely upon higher level cognitive processing other than an understanding of the 
context. In direct action, cognitive procedures and allocations have been trained and built 
up over many hours and possibly years. Reaction can mean survival and is a fast 
response. This can also be to rescue others, and all roles within military mission training 
(including for health and emergency staff) are given weapon education as a common 
ground for self-defence situations. The object and its value are what an agent sees (O), 
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the information about the world, and the purpose (P) of action (A) is to meet that object 
and its value in a way that achieves higher level goals function at this point can be 
represented by: 

𝑓 ∶ 𝑂 ∗ +𝑃 → 𝐴  

From a BDI organizational perspective the information about the world and its framework 
is quite stable, while a decision under pressure (at the OPA level) brings us to the 
question of how to quickly process the information at hand to arrive at an action while 
staying within the framework of rules and negotiations. The VBS2ᵀᴹ simulation-based 
training data, gaze recording via eyetracking, and the field studies at SWEDINT provide 
the basis for the following descriptions of the components required to develop more 
detailed OPA models. Objects, Purposes and Actions will be presented. Note that the 
eyetracker is in front of the Patrol Leader but the field of view is chosen by the driver 
while driving.   

Objects (within the ontology) 
The types of objects identified are those that were included in the training scenario, so 
they are context bound.  Most of them are listed here and of course there can be 
different sides and parts of an object but we just consider an object as a whole object. 
The list of objects (with some examples of attributes) is written out in singular form. The 
objects observed or discussed in the field studies are: 

Fence, Flapsheet, Driver (your colleague), Guard, Camel, Men in light dress (color on 
dress), Boy, Woman in burqa (color on dress), Tractor, Goat, Building, Bus, Tower, Car 
(color on car), Wall, Two walls (measuring distance by gaze), Man (direction; where; 
body part: face, mouth, eye, cheek, left shoulder, hand, upper arm, chest), Truck, 
Corner(left), Head, Helmet, Person (Two, Four (do not move), Seven (watching in certain 
direction)), Garbage pile, Y-junction, T-junction, Sign, Barrel, Rear mirror, Local Police, 
Weapon,  Jeep, Cross-section, Donkey, Door, Soldier (tank soldier), Container, Compass, 
Window (back), Tent, Roundabout, Motorcycle, Motorcyclist, Stone, Tank, Rifle man, 
Object “something”, Suitcase, Crater, Sandbag, Flagpole, Uniform, Ground (in front of) 
and Sky. 

Objects and kind of actions with threat assessment 
We now keep in mind that an object value creates those options available in a plan 
library. If we have an object that is a human representation, we know that humans use 
their hands as tools for doing different kinds of things. In a former study by Sennersten 
(2004) of a rescue situation, the hands were of major observational interest due the 
highest threat being carried out there. The movements or actions executed from certain 
objects can be more or less devastating. A person in a `falling out´ or `picking 
something up´ movement can be perceived to become a threat e.g. if they move to 
detonate a bomb or bring up a gun or a knife. 

Degree of threat 
The degree of threat can be expressed as low, medium or high, and can be written out as 
numbers or as a certain element of an enumerated scale (e.g. ‘low, medium or high’, 
‘green, brown, orange, yellow, or red’, etc.).  

Objects and kind of actions with no threat 
If we also here consider having a representation of a human, we may read each other 
mostly by facial expressions, the eyes and bodily gestures, depending on our culture. We 
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assume that we want to learn about each other and put attitudes away to show each 
other dignity and trust. The embodied cognition shows more than just mental 
characteristics. 

Visual Properties 
An object and its value can also be expressed in terms of properties. One object can have 
many properties, e.g. a car has a position, it is a certain model, it can be a wreck, has a 
color, etc.. The question is how are those properties represented? Here any property can 
have its own value. 

Position 
The distance concept of fore-, middle- and back ground is a more experiential way of 
describing distance (units/meters) to an object (Fig.24). Objects with their possible 
actions can carry different threat values depending on if they can bring harm, damage, or 
happiness, and also their perceived distance (e.g. an angry camel in the background is 
not a high threat). In a peacekeeping situation where negotiation and comprehension are 
core values, default objects with actions that are of no threat are here given high score 
values and those default objects with actions that carry high threat are given low score 
values. All the values of actions related to certain objects are expressed in singular form. 

 

Figure 24. First step of object relations in operational context with positions as a factor in 
threat evaluation 

The dynamics of being in a simulation environment mean that a patrol moves and is not 
at each individual place for a very long time. We may say that the background in an open 
environment (open landscape) is everything further than a radius of 200 units (meters), 
middleground is 20 to 200 meters and foreground is closer than 20 meters. We can say 
that background may here not carry more than a low threat value in this particular 
simulation scenario. A fired weapon can reach quite far but in a context like this would 
probably make most damage in the fore- and middle ground. In a patrol, though, the 
team moves ahead so objects go from foreground into background quite quickly, and vice 
verse.  

Movement, Look and Transformation 
Movement here is perceived movement by others, within the team and outside the team. 
Movement is not just moving from a to b, it also includes what kind of movement, style 
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of movement, performance, etc.. The Look includes colors, form, material, dressing, 
intensity, fatigue, etc.. Transformation is the hardest to provide specific categories for 
because anything can be transformed in many different ways. An object can be totally 
normal and all of a sudden an explosion can occur and it has transformed and may 
damage another object, animal or person. So the question of what kind of possible 
transformation values to have for certain objects is tricky in this sense (see Fig. 56).  

Here we leave the object at this level of description. Even if there could be more specific 
value matrixes, this should be specified in detail for each particular scenario when 
designing and implementing a simulation. We now go on to detail Purposes within the 
OPA modeling approach.  

Purpose 
Purpose means by definition “The object toward which one strives or for which something 
exists; an aim or a goal”51. A Goal is by definition “the state of affairs that a plan is 
intended to achieve and that (when achieved) terminates behavior intended to achieve 
it; the ends justify the means"52, while Desire is “the feeling that accompanies an 
unsatisfied state”53

Actions 

. So here desire highlights the organizational and intrapersonal state, 
goals concern learning and how to cognitively perform optimally, and purposes generate 
actions.  

The meaning of action here is “The state or process of acting or doing.”54

1st round GazeData (from visual recording): The most common actions in the role of the 
PL and D are as follows. 

. The data of what 
actions were performed by participants in the field studies come both from visual gaze 
data and from audio recordings. Gaze data are presented first, followed by a short 
summary of examples of audio data communicated by the PL. There were 3 simulation 
rounds and one can see that these three rounds quite quickly shaped memory relations 
between certain actions. The first round was mostly search within the camp to find the 
exit, this is in this study called SEARCH. The second round was memory retrieval and to 
navigate through a pre-specified path, a task resulting in interaction with local 
inhabitants in the major events; this is in this study called MEMORY & NAVIGATION. 
The last round was to familiarize the team and its position when they were put back into 
the simulation, to reroute after a special occurrence and to navigate back to camp; this is 
in this study called TO SKIP MEMORY & TO NAVIGATE. The last round also involved 
interaction with local inhabitants. The sub actions will be presented in parentheses within 
the list.  

SEARCH 

Drive (along the wall/by/up to/closer /circle), Look (at the end of the wall), Gaze (the 
driver/the wall), Attending (gate/tower), Continuation, Glance (backmirror), Turn 
(right/left/180 degrees), See. 

                                          

51 http://www.thefreedictionary.com/goal, accessed 2010-05-05 
52 http://www.thefreedictionary.com/goal, accessed 2010-05-05 
53 http://www.thefreedictionary.com/desire, accessed 2010-05-05 
54 http://www.thefreedictionary.com/action, accessed 2010-05-05 

http://www.thefreedictionary.com/goal�
http://www.thefreedictionary.com/goal�
http://www.thefreedictionary.com/desire�
http://www.thefreedictionary.com/action�
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2nd round GazeData (from visual recording): The most common actions in the role of the 
PL and D are:  

MEMORY & NAVIGATION 

Choose, To go, See, Find out where we are, Drive, Look, Stop (distance), Stay, Talk, 
Gaze, Search, Pass (left/right/ along), Follow, Sit, In place, Fixates, Getting (closer), 
Walking (along), To view, Inspection, Scan, Approach (100 meters away), Observe, 
Coming, Heading, Being (in between/on ones way/in front of), Rotate, Stand (3 
meters away), Lay, Measure, Do at the same time (12:31)(18:03), Driving (towards 
them), Spread, Constrain, Not moving, Start (Less narrow), Show, Run, Aim, Turn, 
Switch (view), Jump into. 

3rd round GazeData (from visual recording): The most common actions in the role of the 
PL and D are:  

TO SKIP MEMORY & TO NAVIGATE 

Bring up (compass), Jump out, Jump in, Jump off, Meet, Sit (in it),  Follow, Watch, 
Pass, Leave, Stand, Look, Fixate, Drive, Start, Stop, Gaze, Fixate (far ahead), To get 
(closer), Walks toward (them), Reverse, Throw (stones, suitcase), Run, Stand (tank), 
Drive up, Aiming (knee height), Go back, Wait, Overtake, Goes (white), To burn, Is 
coming. 

It is necessary to be more specific and detailed about each individual role and their 
actions for the purpose of programming an agent or to understand what OPA, OPᴅA or 
OPᴅAᴛ can be used for and when.  

The most common actions (from visual recording) actions in this kind of context in the 
role of the D are:  

Drive, to stop, to turn left (from 45 to 180 degrees), to turn right (from 45 to 180 
degrees), to slow down, to speed up, to carry constant speed, to reverse, to jump out 
of the car to cover up the PL and to jump in and take the seat.  

The most common actions (from audio recording) in the role of PL is:  

To communicate via radio with TOC, to communicate with driver, to state, to navigate 
(commands to driver: to turn right, to turn left, to go straight ahead, to turn around, 
to continue, to stop to search positions on map), to ask, to give an excuse, to 
communicate with local inhabitants, to ask how, to sort things out, to giggle, to think 
aloud, to estimate situation, to ask questions, to be quiet, to just confirm, to say hi, to 
ask why, to find checkpoint, to reroute, to say thank you for cooperation, to swear, to 
match terrain with map, to find out functions, to say stop it, to read map, to estimate 
distance-meters, to understand value-money, to understand cultural value, to 
understand value of objects, to reverse, to understand what a mine is, hearing 
shooting. 

From OPA and OPᴅA we have a comprehension of how Object(s), Purposes and Actions 
function and are thought of. These models have been derived from observations of 
individual roles, but if we look at how a team may function we can also add the dialogue 
as a communication relation between roles and also directed at objects within the world, 
see chapter `Design and Implementation´ and Fig.56.  
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OPᴅAᴛ 

O stands for Object, P for Purpose, ᴅA for direct Action and ᴛ for Team. OPᴅAᴛ stands for 
training for the ability to constitute a team in relation to operational tasks. The team 
participants are required to understand individual roles and their prerequisites, leading to 
a cognitive team model55 . As a result of this training, “job performance (task 
performance) is related to cognitive ability and not to personality” (LePine & Dyne, 
2001)56

OPᴅAᴛ (see Fig.17) means that the team is observing and aware of how a situation can 
develop if a special event occurs. Direct action here means to act and know what to do 
without long thought processes. The major difference among members of a patrol team 
is the role allocation and the distribution of gaze between roles, with one person being in 
charge for decisions.  

𝑓 ∶ 𝑂𝑇 ∗ + 𝑃𝑇  → 𝐴𝑇   

. This allows modeling of individual and possible collective “observation” tasks 
that can result in a smallest common denominator for specific kinds of decisions. 
Collective fields of view are the basis for developing a unified team decided view; this can 
be called a team based gaze decision.  

The function above is Team-perceived object(s) OT within a purpose-based Team PT 
executing a Team-based Action AT. 

There are different kinds of teams and here the term team will be used with meaning of 
“A group organized to work together and a group on the same side (as in a game)”57

                                          

55 

. In 
presenting team decision processes for a patrol team and their observation tasks, we can 
use an overview illustration (Fig. 25) to see how the field of view functions. 

http://www.google.com/books?hl=sv&lr=&id=U_8GVml_6IMC&oi=fnd&pg=PA221&dq=c
ognitive+team+model&ots=VqYPanRJ86&sig=fTHogFsjChPo1P0vYk-
PRlC1hgE#v=onepage&q=cognitive%20team%20model&f=false, accessed 2010-05-05 
56 http://www.personalityresearch.org/papers/neubert.html, accessed 2010-05-05 
57 http://www.thefreedictionary.com/team, accessed 2010-05-05 

http://www.google.com/books?hl=sv&lr=&id=U_8GVml_6IMC&oi=fnd&pg=PA221&dq=cognitive+team+model&ots=VqYPanRJ86&sig=fTHogFsjChPo1P0vYk-PRlC1hgE#v=onepage&q=cognitive%20team%20model&f=false�
http://www.google.com/books?hl=sv&lr=&id=U_8GVml_6IMC&oi=fnd&pg=PA221&dq=cognitive+team+model&ots=VqYPanRJ86&sig=fTHogFsjChPo1P0vYk-PRlC1hgE#v=onepage&q=cognitive%20team%20model&f=false�
http://www.google.com/books?hl=sv&lr=&id=U_8GVml_6IMC&oi=fnd&pg=PA221&dq=cognitive+team+model&ots=VqYPanRJ86&sig=fTHogFsjChPo1P0vYk-PRlC1hgE#v=onepage&q=cognitive%20team%20model&f=false�
http://www.personalityresearch.org/papers/neubert.html�
http://www.thefreedictionary.com/team�
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Figure 25. This is a top-down view of the field of view the Patrol Leader and Driver in a 
vehicle, where fields of view are ahead and via driving mirrors. 

Each field of view here is about 120° but with an overlap the combined field of view 
becomes 180° of a total possible 360° view. The back mirrors are rarely looked at during 
screen based simulation. If a vehicle has more people with various roles and a designed 
vehicle with windows on the sides, then safety increases rapidly. People can also be 
replaced by cameras for RPV´s. If a vehicle has a turret then an officer/soldier has a 360° 
degree view, although the position in a turret is not safe.   

The OPᴅAᴛ shows how a team may operate in looking at ocular signs in the environment 
and how those ocular signs and diagnoses are becoming one, before a decision is made 
(Fig. 26). 

 

Figure 26. Different roles with their role purpose and action(s) presumed by the object. 
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IDCTO 
Information, Debrief and Competency within Team and Organization (IDCᴛᴏ), refers to 
collective cognitive operational processing where after training and debriefing the team 
has developed an imperfect competency together that can be of further use for later 
team collaboration. The competency is an interpersonal shared mental model based upon 
experience of situations. It is important here to understand the difference between 
imperfect post-experiential information and information needed in ongoing task 
performance in the present. Debriefing is about role- and team-shaped postscripts in 
relation to former initial pre scripts, (see also model #5). The pre- and postscripts form 
ΔDiff -learning/comprehension outcomes. The simulation-based training scenarios carried 
out provide a basis for case studies in debriefing and also provide a ground for in-
simulation team dialogue. Some of the replies given by the officers after the simulation 
session are presented in the `Validation´ Chapter.    

All of the above variants developed from the original BDI model show how a team may 
change in its individual shape and structure over time, and how cognitive decision models 
change in form with those team changes. All the layers in this sequence of types of 
cognitive models provide an ongoing interaction that will always be an ongoing process. 
Whether overseen or not, the process will always be part of performed missions and their 
teams.  

Architecture Solution Models 
This section presents a number of existing or proposed architectural concepts for systems 
within which the cognitive models described above may be embedded for the automation 
of cognitive functions, as a basis for cognitive augmentation/enhancement, for 
pedagogical purposes and/or to provide feedback to individuals, teams and/or an 
organization during operations (either during simulation-based training, or in actual 
operations). 

MODEL #1: GAZE IN- AND OUTPUT 
Gameplay (3D Game Engine + Ray Tracing = Visual Attention through Eyetracking) 
(Sennersten, 2008) and its incorporated report Verification of an Experimental Platform 
Integrating a Tobii Eyetracking System with the HiFi Engine (Sennersten et al, 2007; see 
Appendix B), present a system based upon the interconnection of an eyetracker and a 
simulation engine for the purpose of real-time logging of gazed in-game objects (Fig.27). 
This work was conducted in collaboration with the Swedish Defence Research Agency 
(FOI) and has been used to test hypotheses about visual cognition in a combat simulator 
(Sennersten and Lindley, 2009, see Appendix C, and 2010), and the control of RPV´s in 
training.     
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Figure 27. System update for each simulation tick / game frame 

Building upon this work, the research reported here shifts focus from the investigation of 
component visual behaviors (such as graphical cuing and attention distribution) to 
building a comprehension of more complete cognitive processes in military simulation 
and related tasks, both for individuals and groups. Adding new cognitive models based 
upon Beliefs, Desires and Intentions (BDI; Georgeff and Ingrand, 1989, Wooldridge, 
2000) can realize cognitive models in more complete ways able to support training and 
operations as part of software architectures, e.g. not just observing and making models 
but to do this in a standardized way for operational testing. The aim of using BDI is first 
to understand humans and then to be able to map human processes over to digital 
agents for purposes such as decisions support, automating training partners and 
opponents, etc.. The purpose is also to zoom out from individual statistics about visual 
cognition to look into cognitive system structures, processes, interrelationships and 
benefits within the military training application domain from the individual level, through 
teams to the overall organization.  

The system model in Figure 27 shows the high level process of the interconnected 
eyetracker/game engine system from the author’s licentiate thesis. In every simulation 
tick the engine renders an image which is shown on the eyetracker screen. The person in 
front of the screen, a patrol leader (commander) in the case of the study reported here, 
gazes at the image, i.e. rather the stimulus (in this case the simulation with its 
animations) and the eyetracker server sends the x, y coordinate of the gazed point back 
to the simulation engine. The simulation engine then logs the simulated object under a 
ray traced from the (x,y)-coordinate on the screen, in a text file log record indicating the 
object name or ID, time, position, etc.. Also, a simulation recording with the gaze point 
on top is saved after every interaction session.  

This connected system facilitates rapid analysis of eye behavior in support of 
investigating processes of visual cognition during the performance of simulated tasks. 
This information can be used to validate simulator design, assess performance, and also 
provides a foundation for gaze-directed control of simulator functions. This is not 
elaborated at length in this dissertation, but is described in detail in Sennersten (2008). 
The basic interconnection principle is elaborated below in relation to the integration of 
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additional forms of psychophysiological input data for simulators and operational 
systems. 

MODEL #2: ΔDIFF: SIMULATION MODELS & PHYSICAL MODELS 

A model of the relationships between the real world, a simulated world, a game and the 
game world is shown in Fig.28. How do we use the differences, ΔDiff, between these 
worlds and how can we use these to inform simulation-based training?  

Gustavsson (2009)58

 

 talks about the `Open World´, here the physical world, and how we 
strive for survival or `to live´. The opposite is the `Game World´ which is a `closed 
world´ and the striving is to achieve the winning condition `to win´; winning can also 
mean survival but not in terms of real death. It is the associations in between these 
worlds that can enable a game system to be used for educational training purposes to 
create reinforced SKILLs and KNOWLEDGE transfers to empower ROLE´s (see former 
ability model). 

Figure 28. A model for designing simulation-based training with game world reward 
motivation. Illustration made by Rune Gustavsson and Charlotte Sennersten (2009). 

 

                                          

58 Verbal reference from communication. 
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Even if simulations and games share technological and programming similarities, they 
still have different values regarding life and winning conditions. Cognitively a person feels 
rewarded when doing things right and therefore simulations can use positive feedback of 
the kind used to motivate game players within simulated real world scenarios. It is here 
rather about Sigaplayers. Sigaplay (simplay and gameplay) is a term coined here to refer 
to a combined activity having a focus on simulation with aspects of gameplay included. In 
the simulation, contrasting and non contrasting scenarios can be trained, where 
contrasting scenarios are scenarios conforming to some aspects of former training but 
also with more of unpredictable scenarios of different kinds. Also, when practicing Rules 
of Engagement (ROE), effect based strategy typically used in game scenarios could also 
be of use in typical simulation training (see Fig 3).   

Both games and military training simulations may be constrained by rules, although 
these may be of a different form, operate at different levels, or may have a variable 
degree of automated enforcement. For ISAF operational training, a mission is always 
operating under Charter of the United Nations and Statute of the International Court of 
Justice and in total this law book contains 7 Chapters. For every Chapter specific Rules of 
Engagement (ROE) are incorporated. From this, Standing Operation Procedures (SOP) 
are derived. ROE are used in military and police operations that determine when, where 
and how force shall be used. “Such rules are both general and specific, and there have 
been large variations between cultures throughout history. The rules may be made 
public, as in martial law or a curfew situation, but typically are only fully known to the 
force that intends to use them- The ROE should comply with the generally accepted 
martial law.”59 The British ministry of Defence officially has defined ROE as “Directives 
issued by competent military authority which delineate the circumstances and limitations 
under which UK forces will initiate and/or continue combat engagement forces 
encountered”60

These kinds of rules are training goals for simulation-based operational training, where in 
entertainment computer games all relevant rules are enforced by software systems. ROE 
can be trained in simulation but there is also a gap between simulation and reality: if 
there is a sharp situation where avatars are shot at within a simulation, the people 
training won´t get hurt or shot. If ROE are used and the intention is to achieve victory, 
how great is the acceptance of sharp situations and for how long can a sharp situation 
continue?  

 

The missing part from an educational point of view is to design the simulation so that 
strategies can be practiced with strategy stop conditions, strategy-causality, rewards 
with arguments, effect based operation (EBO) on a general level, etc..61

 

. As stated 
above, it can be useful to design both simulations and more game like scenarios so staff 
can benefit in training outcomes while also being motivated to use a training system. So 
to level oneself up, this kind of training could be effective where instructors also know 
how to change and update some of the scenarios so the staff gains a greater awareness 
of how they can train skills and abilities. Here an adaptive system is most useful. 
Configuration possibilities open up for better knowledge transfer.  

                                          

59 http://en.wikipedia.org/wiki/Rules_of_engagement, accessed 2009-10-25 
60 Death by rules of engagement by Diane West (?), accessed 2009-10-25 
61 Gustavsson verbal communication (2009). 
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MODEL #3: SENSOR IN- AND OUTPUT 
The combined simulation engine and the eyetracker, model #1, can be extended with 
more servers and more sources and/or types of input data. To gain a higher 
comprehension and preparedness for operational work, the simulation could offer 
extended physiological and speech recognition functionality so we can also log this data 
with every timestamp (e.g. every 20ms), as shown on Figure 29.  

This set-up can show individual data as well as team data, Fig.73, and become a source 
for evaluation and discussion. Initial training data can be compared with later 
performance data so an instructor and the participating trainees can go through it as an 
additional source for discussion in After Action Review (AAR). The pre- and postscripts 
shaped during simulation-based training should preferably become visualized so that 
quick summarizations of data could feed immediately into training.  

A text file with a timestamp can be enough, but the data becomes more useful if it can 
be represented graphically, not just as a captured video file. There are many forms of 
data that could be usefully visualized, such as: time to object recognition, shorter 
reaction times, how distributed attention can improve performance, awareness of stress 
levels, steps in a task sequence and how it may have changed, differences in 
performance when working with different people and under different scenarios, individual 
physiological reinforcements occurring due to former experiences, whether verbal 
communication is different depending on the group and does it affect performance, what 
are people in a team looking at while patrolling, what is reported in written form, are 
there things that are reported but are not important, how performance changes 
depending on language issues, are there changes in individual physical fitness, what does 
quietness mean, are there differences in pulse and what do they mean, are we 
performing badly when sweating, do we look at each other in a simulation environment,  
etc.? If we have work stations where we can track performance and can then compare 
sessions or rounds then the training results can be presented in a more concrete and 
much more detailed way.   

In addition to such analysis functions, if we have the possibility to log data then we can 
also steer the system based upon that data. From a training perspective the data can 
shape new possibilities for design and sigaplay. 
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Figure 29. System update for each simulation tick with additional physiological and speech 
data. 

The system proposed here offers additional physiological logging with server data from 
the heart, GSR and speech recognition sensors. Simulation training with Δ=diff means to 
capture pre- and postscript behaviors to show the differences and the results of training 
effects. When the system updates then both physiological and speech data can regulate 
event outputs, so we have then an adaptive system for physiological and biometric 
responses as well as for verbal ones. The system is also proposed for controlling and 
adapting oneself in a training context.  

This set-up can be even further extended with 3d body scanned objects so we can 
implement “real” humans as models in simulations where we have physiology data 
measured in real-time representing real states of a human represented in a digital 
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environment and still steered by a human. We use BDI and its variations for modeling 
and implementing the description of cognitive processes. If we have verbal recognition 
we may also want to add non-verbal gestures and facial recognition so we get a more 
complete human representation. This kind of building block concept can of course benefit 
other organization domains. This is a first step to start to think of how to design 
simulation-based training worlds with closer representations to ourselves and how we can 
shape physiological simulation design where body, mind, physiology and psychology can 
meet.  

MODEL #4: NETWORK 
The Local Area Network (LAN) or a Wide Area Network (WAN) makes it possible for 
trainees to cooperate internationally in real-time. Real-time collaboration becomes 
valuable where roles and scenarios can be practiced independently of geographical 
position. A team with four participants can therefore have different locations and practice 
allocated tasks before they meet in the physical world, Fig.30. Supervision on-line by 
instructors or experts in different areas can be conducted without the need for time-
consuming travel.  

 

Figure 30. A physiological team interaction via simulation/game with control and self 
adaptation in a network for team(s). Details of sensor in- and outputs are shown in Fig. 29. 
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The network is crucial to be able to use real-time data and interact not just with each 
other but also create a higher awareness of oneself within a team. The team members 
are also creating a higher awareness about their team colleagues. The OPᴅAᴛ of the 
team, Fig.17, is very much about the interpersonal layer such as team values, i.e. 
expectations team members have of each other. Physiological inputs from team members 
can be used to adapt OPᴅAᴛ descriptions in real time, to adapt simulation behavior, 
and/or provide feedback both to participants and to their instructors. Such data can also 
be used in operational tasks to provide feedback to individuals, teams and organizations 
about their cognitive and emotional state, as a foundation for improved performance and 
more effective regulation of action. 

MODEL #5: INDIVIDUAL BDI WITH SENSOR IN- AND OUTPUT 
This proposed system is not validated or tested. It is a proposal based upon the studies 
and resulting models described in this thesis. The former elements are here combined 
and aimed to facilitate deeper comprehension of the cognitive BDI model, gaze 
distribution, abilities, knowledge about the world, skills about the world, self-regulation, 
and verbal communication in relation to objects in or outside the environment. The 
affordances of such a system make individual and team cognition finally become 
measurable and may also support new forms of simulation-based training not just in 
cross-correlation but also designing events with both simulation and game-based content 
where physiological and neuro-physiological data can steer what will happen next. This 
becomes useful for training in self-regulation and awareness about ourselves and the 
team where we can steer altitudes, vehicle velocity, our moods, how we may move, how 
we may talk and communicate, etc..    

Fig. 31 shows more detail of how individual psychophysiological measurements etc. can 
be integrated within a single cycle of a simulation (i.e. within a single simulation tick). It 
is interesting to consider here how such functionality can cross to operational support, 
e.g. in the form of augmented cognition systems. 
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Figure 31. A system with simulation engine VBS2ᵀᴹ, CoJACKᵀᴹ BDI, physiological tracking 
every simulation update. 

Kollmorgen (2001) describes, the Augmented Cognition Program that undertook the 
development and evaluation of the state-of-the-art in cognitive workload measurement 
and technology, and to test the feasibility of interoperating multiple sensors to achieve 
the common objective of measurement of cognitive state. The program had in its 2nd 
phase an aim to understand and develop techniques to overcome four primary 
bottlenecks within one and a half years. Augmented Cognition Teams were to present or 
obtain a system each that could handle all four bottlenecks, i.e. 1. working memory, 2. 
executive function, 3. sensory input, and 4. attention. “Augmented scientists and 
developers seek to revolutionize the way humans interact with computers by coupling 
traditional electromechanical interaction devices (e.g., mouse, joystick) with 
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psychophysiological interaction (e.g., eye blinks, respiration, heart rate, 
electroencephalogram) such that subtle human physiological indicators can be used to 
improve human-machine interactions. The augmented cognition field is aimed at 
maximizing human cognitive abilities through the unification of humans and 
computational systems.”62

The NATO report “Human Factors Issues in the Use of Virtual and Augmented Reality for 
Military Purposes –USA” (Goldberg, 2005) includes six papers from six different research 
environments within the US defence organization. One of these papers explains:  

. The Augmented Cognition Program ended in 2007 and today 
the question is “could the prototypes stand up to … more realistic operational 
environment demands”?  

“As a part of DARPA’s augmented-cognition (Aug-Cog) program, MOVES is 
researching a context machine to “improve the performance of the human-machine 
symbiosis by an order of magnitude or greater,” thereby contributing to Aug-Cog’s 
goal of improving warrior/computer interactions, advancing systems-design 
methodologies, and re-engineering military decision-making at a fundamental level. 
MOVES is exploring the computer science behind creating a system able to 
determine a situation’s context and thereby assist in accomplishing its goals. Using 
a game engine to simulate real-world inputs and provide a means of output, MOVES 
has built a prototype system and continues research into the artificial intelligence 
and other factors required to determine context and act upon it. Yet, haptic cues 
play a critical role in supporting fully immersive VR systems: during a single 
training exercise, trainees may repeatedly contact walls, furniture and other objects 
as well as each other. Additionally, given the un-naturally narrow field-of-view HMD 
displays currently available, haptic information is even more essential for making 
the user aware of where, when, and what kind of contact is made with virtual 
objects outside of their limited field-of-view. In the real world, these collisions 
provide trainees with critical information that ultimately supports their mental 
model of the environment; in the virtual one, which lacks these cues, the mental 
model is consequently much poorer. When supported, training systems in which the 
haptic information is coupled with visual information show great promise (Merril, 
2000). When absent, the lack of multiple-modality information adversely affects the 
degree to which the VR training enhances real world performance (Cohn, Burns, 
Helmick & Meyers, 2000; Birch and Bitterman, 1949; Paivio, 1991). Thus, there is 
great training potential for developing a method for providing this information 
during immersive VR training. Wrap-around video display systems may thus be 
ideal for training military tasks that require 360° situational awareness, such as 
dismounted urban operations and forward air observers. At the time of this writing, 
the WHSIL facility has plans to pursue a rigorous evaluation of the training values 
of two different wrap-around video display systems.”.  

New interaction technologies open up relatively unexplored possibilities for human 
machine interaction. A core of these systems, however, is a model of the cognitive 
reasoning, emotional states and operational processes of humans. A model expressed in 
sufficient detail to support computations can be used both to reason about humans 

                                          

62 
http://www.donhcs.com/hsr/13_june/doc/ASEM%20journal%20special%20issue%20Intr
oduction.pdf 
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interacting with a system and to synthesize interesting and complex human actions and 
reactions. Both of these elements may be essential components of future simulation 
systems and operational environments. The models developed in this dissertation are an 
exploration of what may be required in those models of cognitive operational reasoning 
and emotional states. 

 

DESIGN AND IMPLEMENTATION  
To be able to meet the required system which is not fully implemented as part of this 
project, we have reached quite far but not all the way where everything is optimized, and 
still there are many building blocks to pursue. An eyetracker and a simulation engine 
called HiFi have already been interconnected, with real time logging to a text file 
(Sennersten et al., 2007). A validation of the eye- tracker and the interconnected 
simulation engine showed 90% accuracy of logging (gazed objects via collision boxes). 
Pulse/heart rate has been logged by POLAR watch and separate software but not 
interconnected in real time with any simulation game or simulation engine (E. Malmros, 
200663

System requirements for logging and steering in simulation-based training include: 
, and SWEDINT 2010).   

An eyetracker/eyetrackers on 200Hz sample rate 
VBS2ᵀᴹ simulation engine and accessible source code 
VBS2ᵀᴹ simulation engine has to be interconnected with an eyetracker/eyetrackers 
so in-simulation objects can be tracked and logged in real time. 
AOS´s cognitive architecture CoJACKᵀᴹ has already been implemented with 
VBS2ᵀᴹ. This makes it possible to model CoJACKᵀᴹ with individual “minds” of each 
actor (officer/soldier) implemented for decision-making and action selection. 
VBS2ᵀᴹ is the mediator of perception, action and environmental influences such as 
terrain and temperature.  
Heart rate/pulse tracking 
GSR tracking (a measure of physiological arousal), (Andreassi, 2006) 
Speech recognition 
Edited designed scenarios for training purposes 
Named in-world objects or ID tagging 
Role investigation so modeling can be performed   

AOS, Georgeff´s company, describes CoJACK-driven virtual actors being able to assess 
situations and the moves that the trainee might make and adapt their actions accordingly 
“The actors appear much more intelligent, as they foresee the consequences of actions 
and the likely responses of other actors and the trainee.”64

The 1st and the 2nd field study reported here have been conducted to be able to follow 
how simulation-based training is conducted, what facilities are used, but foremost to 

. The actors also show human-
like emotions such as fear, anger, demonstrating personality or mood such as behaving 
courageously by taking greater risks or behaving cautiously. For military purposes all 
these behaviors are of importance.  

                                          

63 http://www.nbuv.gov.ua/portal/chem_biol/kiit/2006_4.pdf, (page 75-80), accessed 
2010-05-20 
64 http://aosgrp.com/applications/realistic_virtual_actors_2/, accessed 2010-05-05 

http://www.nbuv.gov.ua/portal/chem_biol/kiit/2006_4.pdf�
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understand the basis for how different modeling methods can be used to model tasks 
(simplay versus gameplay), roles, training styles, the mediation of scenarios, pedagogy, 
and purpose in how to meet rules framing military international contexts etc.. 

We start out with plans and the verb planning. If we look at ourselves as humans we are 
actually planning agents in a computing sense. We almost every day elaborate or set out 
plans, simple or more complex, concerning the future, and these plans steer or guide 
later actions. Bratman explains that we have two capacities as planning agents, we can 
act purpose wise and also form and execute plans. These are very alike when we are 
playing games or proceeding in a simulation – we act or perform tasks to be able to 
proceed and meet challenges in a goal directed environment, which involves both 
temporal plans and more long term plans to execute, see Fig.33. The typical 
entertainment profile could be argued to be more limited to short term temporal plans to 
meet, since entertainment may require that people are not bogged down in unnecessary 
hard memory issues. Long term plans require keeping different aspects in long term 
memory and temporary information in short term memory. We are rational agents and 
we can ask why. The answer is rooted in our need for plans concerning the future: 
rationality is a survival mechanism. Rational reflection helps us to understand what we 
do. Rational reflection makes us understand how to influence our action(s) beyond the 
present and beyond presence. To be able to meet all planning needs we have to 
coordinate our time. The coordination in a team is crucial in this. To achieve complex 
goals we have to coordinate both present and future activities. This means allocating 
resources order to meet challenges. As a sum of these aspects we are both temporally 
extended and social agents at the same time. These two sides interact and some actions, 
some mindsets and some intentions will be affected. How does a team adjust when team 
members are in different roles and adjusting optimally to the demands of long term as 
well as short term planning, intrapersonal as interpersonally with those actions that have 
to be executed in the present?   

To summarize up to this point, agents are: 

- rational 
 
- causes to actions in accordance with action theory. The desires and beliefs of 

the agent lead to bodily behaviors or actions.  
 
- planning agents, which means that we combine purposeful actions with 

forming and executing plans.  

The task in this work is to be able to form plans for a certain role that can feed into a 
plan library. Examples of plans will be exemplified and presented later in this thesis. 

Cases and possible Plans for a Plan Library 
Bratman (1999/87), Georgeff & Ingrand (1989) and Wooldridge (2000) have given us 
insight to what plans are and what we need for using them. Again we can ask ourselves 
what a plan is and what does it mean to have a plan in this context? A plan as a noun is 
understood here to mean “a set of decisions about how to do something in the future”65

                                          

65 

. 
Here we may ask what `future´ means in time. If we need real time decision support, we 
cannot always wait for the future. Georgeff and Ingrand (1989) understood this already 

http://dictionary.cambridge.org/dictionary/british/plan_1, accessed 2010-05-01 
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for the PRS systems they built, and has also accounted for this in the JACKᵀᴹ and 
coJACKᵀᴹ systems. For JACK, the Intelligent Agents®, Agent Manual  (Agent Oriented 
Software Pty. Ltd. 1999-2009) describes how plans can be thought of as pages from a 
procedures manual, or even as being like methods and functions from more conventional 
programming languages “The plans describe exactly what an agent should do when a 
given event occurs.”, minimal format for a plan see Fig.32. The JACK Autonomous 
Software manual66

 

 says that if an agent has a set of skills and procedural knowledge, 
then the agent is being equipped with a set of plans it can draw upon when required. 
When the event that a plan addresses occurs, then the agent can execute the plan to 
handle the situation. Each plan is then capable of handling a single event. This is exactly 
what was found in the ability model used by the military in education and training. 
Wooldridge was generous to show how a BDI algorithm worked and Georgeff and 
Ingrand are now as generous showing us how we can think when shaping plans for 
cognitive operational systems. 

Figure 32. The minimal format for the definition of a plan in JACK 

To find a plan in Jack requires searching for a certain intension, then to find a plan where 
the pre-condition unifies with the agent´s beliefs. For OPᴅA this would mean searching 
for an action and finding a plan where the pre-condition unifies with the agent´s 
object(s). A plan library is –a set of plans for different occasions and/or situations. Here 
in this study the idea is to analyze the relations between the objects, purposes and direct 
actions (OPᴅA) of the patrol leader and as revealed by his communication with the driver. 
In this model the plans, π: = (O, ᴅA), equals the Object and its ᴅAction to meet the 
Purpose. In the original model this would instead be to meet the desires in relation to 
belief sets and intensions. The data from this simulation-training is detailed in the 
appendices, including the transcriptions from visual gaze recording of the training 
scenarios in VBS2ᵀᴹ and the gaze distribution of the Patrol Leader (PL), the D(driver)’s 
actions, and the dialogue between the PL and the D.  

We take the number of cases, and look at each individual case and see what plans we 
can generate for an agent having the role of PL. The PL though shall bring in the team 
and their issues before a decision can be made, if there is time for this to happen.  

The cases, Fig.33, are operated from the simulation control room where the instructor or 
the person in charge of the simulation runs the simulation. The responsible person will 
                                          

66 http://www.aosgrp.com/documentation/jack/Agent_Manual_WEB/index.html, accessed 
2010-05-02 
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answer with an in-game design solution on the fly if the team chooses another direction 
than they reported in their Flapsheet before leaving the camp. Events have also sub 
events. To understand the cognitive processes involved it is important to know what 
DO´S, procedures manual steps, individual roles and teams have before actual tasks. 
This also requires checking what kind of equipment to bring, details of the vehicle check, 
medical care procedures, etc.. These activities are the basis for being able to operate 
under optimal conditions. These kinds of procedures though were not part of this 
simulation and not accessible retrospectively due to information security. The cases 
presented here will list what kinds of “If… then” sets occur from observation of the PL 
roles. The PL appears to carry four roles in one, being in charge of decisions for the 
team, communication with TOC, communication with local inhabitants, and navigation. 
These “If… then” sets can be understood as being the basis for those plans that have to 
be taken into account when solving a direct case/event or sub case/event. 

The training scenarios have already been presented before, see the Approach Chapter 
under Experiment, scenarios A1-A8, Fig.8-16. The cases of the plan list, π: = (O, A), are: 

 
Figure 33. The case list. 

The two cases considered in detail will be; ANP, the 3rd case, and Roundabout with 
motorcyclist, the 5th case. 

The plan for the team is to leave camp and the PlanType is LeaveCamp. The body of a 
plan rule describes the actual work done by an agent when a plan is executed. If an 
object is gazed by an agent/human then there can be information given so the person 
knows how to navigate or what is expected to do, to say, or to pay attention to, etc..  In 
this particular case there is data from a 2nd round as well because of a restart of the 
scenario. The data listed also shows if any changes have occurred depending on memory 
retrieval.  
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Figure 34. Dialogue data 

If the above statements, Fig.34, are not completed then do not leave camp, pack gear 
and fill in Flapsheet. Interestingly, if objects are not obviously visible then the dialogue 
asks for evidence to ensure that these objects are along. This is one example of when the 
agent, here the guard, asks for evidence to fulfill his/her own task to ensure safety 
instructions. 

An affordance in a simulation-based environment that differs from the physical world is 
to have the names of the actors shown just above their heads, a trigger zone.  

The search for the exit was quite quiet and the driver drove, but an incorrect key was 
pushed on the control keyboard so a restart had to be made. In the pause for the restart, 
questions were communicated and help was given by a technician. 

The navigation paths in between the waypoints are not just transportation paths, they 
carry much visual information. The visual information consists of external objects outside 
the vehicle as well as internal objects like map coordinates, gaze distribution in the team, 
instrumentation, etc.. When the PL is lost on the map there is a dialogue about where 
they are on the map, map coordinates, as well as in the simulated world. They approach 
a Y-junction and a binary choice has to be decided. A restart has to be made. 

The second time everything is familiar and goes quicker than the first run. They turn 
right outside the camp instead of left. The fixation times on objects they are passing by 
were on average around 2 seconds. When looking at the recorded gaze data, quite many 
gaze behaviors can be distinguished in the beginning because the trainees are passing by 
objects with animations like people, vehicles of different kinds, open area towards a 
village, animals, etc.. Sparse comments and dialogue happen between D and PL . 

Already at a distance of 50 meters, PL and D start to talk after they have seen something 
ahead in the distance. The question for them is what kind of situation they are 
approaching. It seems to be an accident and the driver drives closer and stops a little bit 
away from the actual accident, between two walls. The place has a car on the side, a 
man on ground and a car nearby. A discussion occurs between D and local inhabitant and 
D is told that a man is badly injured. PL asks how many are injured in total. The question 
for PL is whether to get out from the car and get instruction from the driver. The local 
inhabitant asks for help and the PL contacts TOC, Fig.35, and asks for assistance; he is 
also told to continue their task. During this dialogue PL gazes at the local inhabitant and 
other objects around. A truck is passing them on their left side. PL says help is on the 
way and jumps back in the car and he and driver proceed.  

 



81 
 

 

Figure 35. TOC communication. 

We can see that if we have agents and maybe different setups of OPᴅA in relation to roles 
there have to be some kinds of overlap so agents can be dynamic if the situation would 
need this. 

The following navigation task uses map and world references mainly, so D and PL have 
little dialogue interaction and this mainly concerns navigation. TOC is contacted twice, 
the second time shows in Fig.36. The team drives in through narrow paths between walls 
and come out into more open areas. Their eye fixations and saccades are going between 
fore-, middle and background depending on architecture and the village/city planning. 

 

Figure 36. TOC communication. 

CASE 1 (CASE 3 ORIGINALLY); Π: = (O, ᴅA), LOCAL POLICE 

From quite a far distance PL sees that some kind of activity happens ahead of the team, 
see Fig.38. There is a sign close by and nearby behind the sign three police officers are 
guarding the road. PL tells D to slow down and says to D that they have to see if they 
have any information for them, see Fig.37. One of the police officers tells PL that they 
can’t pass through because his commander has told him to not let ISAF, nor the police or 
the army through. The police officer says that his commander has told him/them to 
perform a checkpoint. PL contacts TOC and tells about the checkpoint and asks for 
advice. The TOC has received information from the commander of the local police so the 
PL and driver are told to re-route and take another direction. PL goes back to the police 
officer and tells him that they were right and that they have to re-route and take another 
direction. 
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Figure 37. Dialogue data 
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Figure 38. Gaze data 

PL has talked with TOC and the driver hears the dialogue; and when they are ready then 
the driver turns around and leaves the police control area. 

After the re-routing the team gets a little bit lost and both PL and driver help each other 
to try to continue. The map and the world are not matching each other for a while. They 
navigate further and meet garbage piles on the streets and hesitate about whether to 
proceed or not. The TOC is contacted and waypoint information is reported by PL, Fig.39. 

 

Figure 39. TOC communication. 

The map and external world are important to be able to read visually so that no long 
stops have to be taken. Longer stops can be suboptimal depending on the total situation 
and where attention should be more efficiently distributed.  
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In a digital world an affordance is that any agent and any simulation member knows who 
and how the object can be interacted with. All objects, here human representation 
objects for the trainee staff, have names over their heads and contribute to a higher 
recognition factor for players. At this point in the simulation the participants receive 
training in how to get out of a vehicle and what keyboard functions to use to make 
communication possible. A wrong key is pushed and a restart of the simulation has to be 
done. A restart occur because key functions are changed due the use of VBS software 
together with eyetracking software.  

The instructor or person in charge of the simulation decided to move the team to a close 
place where they were at the termination of the previous run so they do not have to start 
from the beginning. PL and D try to see where they are and continue their route. 

They are approaching a main street which is a shopping street but is in this simulation 
the street is quite empty. People stand and look to the right and are also turned in 
profile. They are all looking at something and the PL looks in the same direction to see 
what it possibly can be. 

CASE 2 (CASE 5 ORIGINALLY) ; Π: = (O, ᴅA), ROUNDABOUT 
WITH MOTORCYCLIST 
 
When the patrol comes to the end of the main street it goes into a roundabout, Fig.41. 
When they are about to turn right a motorcyclist drives towards them and the motorcycle 
falls down, Fig.40. The motorcyclist stands up and walks up towards PL´s door on the 
right side. The motorcyclist is quite upset and claims that they hit him with the vehicle 
and that they damaged his motorcycle so they have to pay $500 for the damage. PL says 
no to give any money at all. PL contacts TOC and asks for advice and they send 
assistance so they can proceed on the patrol. The atmosphere started to become a little 
tense so the driver shouts to PL to jump in so he can reverse. This is actually the only 
time in the whole simulation the driver takes verbal command. They both jump in and 
the driver reverses. 

 

Figure 40. Dialogue data 
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Figure 41. Gaze data 

While the driver reverses the vehicle, three men started to throw stones at them.  

In the following navigation away from the roundabout, they drove straight through it, 
and to proceed they saw something strange on the road and they were also shot at. They 
contacted TOC to report waypoints three times and one contact was made when they 
were shot at, Fig.42.  They meet Assistance Military Patrol (AMP) and debrief the 
situation they experienced and then continue their patrol. 

 

Figure 42. TOC communication. 

Many things happened in this navigation path, and it was very stressful for the PL to 
report and give a correct “state of the world” when they were shot at. 

The driver is driving again and they head for a bigger street. Ahead of them they see a 
car waiting to drive out. The driver slows down a little in case the car is going to turn out 
onto the street. They pass the car and PL looks down in the car. 

All of a sudden the car is overtaking them. 

The car that overtook them went in front of them and suddenly a suitcase-like object was 
thrown out from the back of the car, Fig.43. Seconds later, the whole screen goes white 
and the gaze of the PL is moving vertically up and down. The driver stops and when the 
whitening has disappeared, PL and the driver see a crater in front of the remains of the 
car and a fire starts.  PL contacts TOC and reports what they have seen and asks what to 
do.  
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Figure 43. IED case, implications of a bomb, and conditions for recognizing a bomb. 

The team waits and then they drive by and proceed ahead. 

They are then on their way back to camp. They report two waypoints, Fig.44, and 
approach the entrance of the camp. 

 

Figure 44. TOC communication. 

The team is close to finalize their patrol and drive in towards the entrance of the camp. 

They are safely back and driver drives through the entrance of the camp. The guards are 
there to welcome them back and a last contact with TOC is made, Fig.45.  

 

Figure 45. Dialogue data 

Then the patrol is over. 

In this particular study we had three restarts due to incorrect key functions; each restart 
took 4-5 minutes. The learning reinforcements can be tracked easily where the time for 
finding the exit of the camp improved and less search was required, so this is an 
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evidence of learning outcomes just in relation to this particular action. Also the 
comparison of the first round and the second round from start up to the coordinates of 
the first Y-junction improved from 03:55 to 02:02, i.e. almost 2 minutes in time. So 
familiarity is an important performance factor in these contexts. 

The driver has not been tracked with his gaze, but when driving we can assume that we 
have a kind of task driven behavior where obstacles like garbage piles, craters, and other 
kind of objects make the driver to stop and to decide what to do. These are more or less 
binary choices deciding to go forward or reverse, turn left or right, stop or go. What we 
would be able to see if we had also tracked the gaze of the driver is whether his gaze 
would accompany the PL´s gaze or not on certain occasions.   

The scenarios and the interaction of the team has given us ideas of how to catch more 
information about how to build decision plans with a purpose of being implemented. This 
would, however, require much more data gathering through ongoing field studies to be 
able to get all relevant variants of performance.  

There are two major outcomes derived from the logged data: 1) it occurs that gazed 
objects drive dialogue and if an expected object(s) is not seen then it is asked for, and 2) 
Eight gaze behaviors have been possible to discern while analyzing the data. The plans 
available in a model implemented in an algorithm run by a system could also track 
different patterns of gaze to be able to list plan options if needed.      

Gaze behavior procedures 
We can follow PL in relation to what is fixated and the camera views of the role because 
PL was sitting in front of the eyetracker screen. PL´s gaze behavior we can probably 
divide into eight major gaze categories: 

i) spontaneous looking when people and animals are passing by normally along the 
street,  

ii) depth scanning of middle- and background zones when the patrol is on quite open 
areas like wider streets with no constraints on the field of view,  

iii) on narrow streets with walls on the sides the field of view is constrained on the sides 
but better off ahead and behind; this looking behavior we can call tunnel view which shall 
not be confused with tunnel viewing when people have slept badly and drive on 
monotonous streets or being stressed.  

iV) task-driven looking that is happening when there is a special occurrence happening 
like an event that has some kind of complexity and the patrol is approaching this kind of 
event,  

v) when the PL talks with a person at a special occurrence facial/eye reading and 
background scanning are interchanging during physical meetings in the local area,  

vi) a kind of confirmation looking occurring between PL and the driver either in tight 
situations or when to proceed,  

vii) there is a looking behavior that occurs if somebody shoots at or around you and that 
is more of a survival task driven looking behavior,  
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viii) if any explosions occur then the fixation behaviors tend to not go horizontally but 
vertically, which could be due to surprise and can therefore be called surprise looking 
behavior.  

Some of these looking behaviors can be subcategories of each other, for example where 
survival task driven looking can be a subcategory of task-driven looking.  

The typical actions carried out by the PL are tracked by visual gaze recording which 
include communication with the driver, communication with local people, jumping in and 
out of the vehicle and navigation. Some behaviors are not recorded because the gaze 
disappears from the screen, e.g. when PL reads the analog map. When looking at the 
visual gaze recording, communication with the TOC staff over radio is not possible to 
track, nor the communication with the driver, nor with the local people. The recording of 
sound, here in form of dialogue, then compensates for this lack of data to some degree. 

If we look at the gaze behaviors overall, we can see that they manifest different purposes 
in order to extract different information and also that the gaze intensity varies over time 
depending on the scenarios that are met.  

When a patrol is leaving the camp the overall main purpose is to not fire any bullets 
because the overall mission is peacekeeping and to help to build up the nation. All 
actions are within the framework of Rules of Engagement (ROE) and the purpose of 
making a patrol is to observe and communicate the state of the situation within the area.   

SPONTANEOUS LOOKING 
Spontaneous looking in this context is not meant to mean that a person is looking around 
naively in the environment. If no threat seems to be lurking and behaviors do not show 
strange tendencies, spontaneous looking is used to perceive the environment in a relaxed 
way. Individual objects, such as human and animal representations, walk along the 
street in an open environment.  

As represented in the OPA algorithm, the value of the object is important to know and of 
course the value is action and context based, and set by the object revision function 
(orf). If an object has a certain value then the action will depend on the value, and by 
action of the OPA options, filter and plan operators. When PL sits in the vehicle and gazes 
at people walking by without any strange movements or behaviors the threat values can 
be quite low. If there should be strange behaviors or movements to a certain object then 
the action would be to stop the car (by the driver) and have the agents each to make a 
binary choice of either to stay in their seats or to jump out to carry out a dialogue or 
some kind of negotiation. But in the case of spontaneous looking, the action is to 
continue in the vehicle with no interaction with external agents. These kinds of options 
(shown in Figure 46) are implemented by different rules (equivalent to procedures) 
implementing the OPA operators. 
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Figure 46. Spontaneous procedures.  

DEPTH SCANNING  
Depth scanning of the environment involves scanning from one area to another to see if 
there are any `pop outs´. A pop out can be an object or group of objects that break the  
normal view of the state of the world. Depth scanning relies up on distance and position. 

To do scanning, a person is looking more rapidly between fore,-middle- and background 
to see if any changes occur. This is a foundation for maintaining situation awareness and 
being prepared so no unpleasant surprises occur. Depth scanning an environment in a 
patrol seems mostly to happen in relation to the middle- and background. Examples of 
possible rules and definitions for depth scanning are shown on Figure 47, where digital 
units are equivalent to meters. 

 

Figure 47. Depth scanning. 

This can be modeled in different ways and either humans or synthetic agents can report  
pop outs. 

TUNNEL VISION 
The restricted view on the sides due to walls, with longer sight ahead and behind, sums 
up in tunnel view or better is to call it tunnel vision, see Fig.48. If a team sits in a vehicle 
in between walls they may be trapped if a dangerous situation occurs. Even if there are 
no dangers, the situation can result in feeling locked in and it may be impossible to turn 
around and return to where you came from. The associated gaze procedure has to shift 
between middle-and foreground, but in a more narrow vertical space.  
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Figure 48. Tunnel vision. 

TASK-DRIVEN LOOKING 
This particular looking behavior is very tightly connected with the ability model and 
particular tasks. Here gaze follows routines and repetitive procedures acquired by 
training and skill development beforehand. In former studies it has been shown that 
certain questions we have in mind create our particular gaze behaviors, e.g. if we want to 
look for age then we gaze at faces, while if we instead have a question about wealth then 
we may particularly search for items of clothing or jewelry showing this (Yarbus, 1967). 
This kind of gaze behavior can also be used for safety and security purposes to check if a 
person has gone through a particular kind of training or not. Regarding the security 
purpose we can also consider eye gaze as an analogy for a finger print e.g. an eye gaze 
signature.  

If we take individual roles in a team, these gaze steps in a task should be able to provide 
help for humans where information about certain objects can be displayed if activated by 
gaze. The duration of gaze on certain objects could also trigger different actions and 
therefore provide more value to the interaction, Fig.49. For example, a virtual character 
might only talk when a trainee looks at that character. 

 

Figure 49. Examples of possible gaze driven events. 

FACIAL/EYE READING AND BACKGROUND SCANNING 
In Fig. 50, both facial and eye attention runs parallelly with background scanning on 
possible events occurring. The officer or the trainee has to carry out dual attention while 
understanding the situation as whole.  
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Fig 50. This is the situation with the faked motorcycle accident and the guy claiming $500. 

In the background there are several other characters lining up, in case there should be 
trouble. This could be a provocation or a coincidence. 

We have tremendously much information in facial expressions and also in how we 
communicate with our eyes (this is very cultural bound). If we understand eye gaze and 
eye communication between humans, then we can design for help and training in 
contexts where we can provide benefits that are unavailable using more established 
interfaces, such as higher bandwidth interaction and more natural interfaces. We can 
have honest actions and there can also be manipulative or occupational gaze games that 
can trick attention in relation to other things that are happening. At the same time as 
reading and understanding non verbal language and dialogue, we may have to distribute 
shared or parallel attention so we know what is happening in front of us as well as behind 
the focus of attention. 

Some examples are listed, Fig.51, of possible uses for gaze directed controls for new 
kinds of training and ideas for augmented systems. 

 

Figure 51. Facial/eye reading and background scanning. 

Here many training scenarios can be formed and designed with gaze directed human 
interaction as well as for agent actions and support. 

CONFIRMATORY LOOKING  
Confirmatory looking happens quite often in the training scenarios or events where both 
PL and D look at each other to confirm dialogue, make a statement, comment on a 
situation, indicate when to get out, when to start to drive and to visually conclude a 
situation or mission, Fig.52. It happened once in this simulation that both PL and D 
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looked at each other at the same time without dialogue. This was the digital actors 
looking at each other, not the people interacting outside the simulation. 

 

Figure 52. Confirmation looking. 

These confirmation gaze behaviors are interesting for understanding communication and 
when no dialogue happens it functions as non-verbal communication. 

SURVIVAL TASK DRIVEN LOOKING 
The author of this thesis has studied eyegaze behavior in detail in the preceding licentiate 
(Sennersten, 2008). In a first person shooter game, the gaze is 80-90% of the time 
directed on an opponent when firing happens. More seldom, firing happens first without 
the gaze being directed on the target. In the training scenarios investigated by the 
current thesis, shooting is forbidden except in the case of self defence. Everybody 
participating in peacekeeping missions must have weaponry skills and know if and when 
to use them. If we look at whole objects then we may not be able to distinguish what 
could be of harm or not. If an object is subdivided, then parts that are animated are the 
ones that can be harmful; movement, see Fig.53, can signal non peaceful actions. The 
balance here is that humans must not misunderstand actions too rapidly. If a 
misunderstanding would occur, the result of long time established efforts of trust can 
disappear in seconds.  

 

Figure 53. Survival task driven looking. 

SURPRISE LOOKING 
Surprise looking can take two forms. It can either be a human getting surprised or it can 
arise from not knowing what to do. Physiologically this reaction can be tracked via pupil 
size, since pupil tends to increase when unpleasant circumstances are met. The funny 
thing with the eye is that it shares certain features with the heart. The heart though 
responds with a delay after the eye muscle has reacted to visual stimuli. A peak of pupil 
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enlargement occurs as a positive/negative para-sympathetic response, a non-conscious 
response due to either negative or positive stimulation, see Fig.54. When interconnected 
the eyetracker with VBS and JACK Intelligent Agents software can use such responses in 
training. Similarly, heartrate, GSR and EEG (Garteur, 2003) can be used to train the 
mental preparation and self regulation of emotions. 

 

Figure 54. Surprise looking. 

These last techniques are more for future work, but what is important is that the gaze on 
certain objects can be an important supplement to further physiological data. If we do 
not have the actual object as a reference we do not know what the physiological data 
otherwise is a response to.  

When analyzing these gaze behaviors from gaze recording together with audio recording, 
it appears from observations that gazed objects steer dialog, see Fig.55. If objects are 
not seen or recognized, dialog is used to find out why expected objects are not there. An 
exemplification is provided in Fig. 55. Note that this is a pilot study and that no statistical 
evidences can be shown. 

The communication carried out in this context seems to build on an initial gaze at an 
object, with a dialog following. The dialog contains estimation, considerations, what to do 
(actions), and how to approach inhabitants directly on the spot when things happen. This 
means that not all objects may have information of importance, but still many gazed 
objects have to be considered and calculated since they may hide information, they 
maybe can be of harm, they can open up for appreciation, help  and so forth.  It can also 
be the case that no objects occurring in an environment at all show another kind of 
significance e.g. no people or no women and children –and we ask ourselves why.  
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Figure 55. An example of how objects and dialog are related in this kind of context. 

The objects also have different kinds of values depending on their own actions that are 
mediated via VBS2ᵀᴹ and the computer screen, Fig.56. A matrix with columns considering 
threat, non threat and unknown threat is presented below. This is just an example of 
how some possible object values might be described. If we look at distance, we may 
perceive a threat depending on whether represented objects with their actions are close 
or further away; on a screen this has to do with size constancy, etc.. Of course 
movement of different characters plays a decisive role, together with human gaze 
directions and if an object is perceived as being able to function to hide bombs, etc.. A 
wagon as object is a wagon but may explode, so if it is near it is a higher threat than if it 
is in the background. Uncertainty in when, where and how is always a factor in 
determining threat.   
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Kind of 
object 

Threat Non 
Threat 

Unkno
wn 

Threat 

Posi
tion 
Fore
grou
nd 

Position 
Middlegr 

Position 
Backgr 

Movement Look Transform 

Fence  X  X      
Flapsheet  X  X     Turn 

over 
Driver  X  X    X  
Guard1  X  X   X   
Guard2  X  X      
Camel   X X   X  X 
Man   X X   X X X 
Boy   X X   X X X 
Woman    X X   X  X 
Tractor X   X   X  X 
Goat   X X   X  X 
Building   X X X X   X 
Bus X   X   X  X 
Tower  X  X X X   X 
Car X   X   X X X 
Wall (X) X  X X     
In between 
walls 

X X  X      

Truck X   X   X  X 
Corner (X) X  X X X    
Street (X) X  X X X  X  
Head (X) X  X X X  X X 
Helmet  X  X      
Person (X) X  X X X X X X 
Group (X) X  X X X X X X 
Garbage 
pile 

  X X    X X 

Y-junction  X  X X     
T-junction  X  X X     
Sign  X  X      
Barrel   X X X    X 
Rear 
mirror 

 X  X      

Local  
police 

 X  X X  X X X 

Weapon X X  X X X X X X 
Jeep   X X   X  X 
Cross 
section 

 X  X X     

Donkey    X X   X  X 
Door   X X   X  X 
Soldier (X) X  X X  X X X 
Container   X X     X 
Compass  X  X      
Window  X  X      
Tent   X X X    X 
Roundabout  X  X X     
Motorcycle (X) X  X   X  X 
Motorcyclist (X) X  X   X  X 
Stone   X X X  X  X 
Tank   X X X X X X X 
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Rifle man (X) X  X X X X X X 
Object 
“something” 

  X X X X X X X 

Suitcase   X X     X 
Crater X   X    X X 
Sandbag  X  X     X 
Flagpole  X  X X X   X 
Uniform   X X    X X 
Ground   X X X X  X X 
Sky   X X X X  X X 

Figure 56. An object list with possible values of risks depending on position, motion, look and possible 
transformation. 

The cross in parentheses is a marker telling that it could be a threat depending on 
situation and the unknown category is to be more conscious and careful when to consider 
distance.   

Static objects have a default threat value of zero but can of course transform to have 
motion and other values under various circumstances. A static object can transform 
depending on its motion, its direction, its position and its look (color, form). So an object 
value creates those options available in a plan library, while what plan to choose is 
dependent upon the values of the set of current objects. The concept of the object values 
can be developed in different ways depending on the context, situation and objectives of 
the simulation.  

Objects can appear with different meanings depending on semantic67 and semiotic68

 

 
attributes in relation to the context and situations that can arise. These objects are 
appearing in a peacekeeping context where ISAF staff has the right to protect themselves 
if and only if there occurs a life threatening situation. The aim is to cooperate and to 
build up trusting relationships with the local inhabitants for the aim is to support the 
Afghans in creating routines and procedures for establishing their own organizations 
within their country and to diminish the Taliban corruption or mafia. 

VALIDATION 
Validation is to make something officially acceptable or approved, especially after 
examining it69

                                          

67 1. (Linguistics) of or relating to meaning or arising from distinctions between the 
meanings of different words or symbols. 

. The following replies from the officers via questionnaires after their 
simulation-based training give us an insight into expressed needs, thoughts and 
suggestions about possibilities with simulation-based training. In this field study the main 
interest was to understand a team and its dynamics. The replies from the officers can 
here function as validation for simulation-based training and the team aspect of the 
process. The replies also showed that 90% of the officers had been in contact with 
simulation-based training before, and this is a very high figure showing the need for 

http://www.thefreedictionary.com/semantic. accessed 
2010-05-05 
68 the study of the relationship between symbology and language. 
http://www.thefreedictionary.com/semiotic, accessed 2010-05-05 
69 http://dictionary.cambridge.org/dictionary/british/validate, accessed 2010-06-17 

http://www.thefreedictionary.com/semantic�
http://www.thefreedictionary.com/semiotic�
http://dictionary.cambridge.org/dictionary/british/validate�
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greater formalization as a basis for optimizing simulation-based training as a training 
tool.    

In trying to understand the team and its different roles we have to understand what 
makes a team a team. At this stage we have gone from the individual/agent cognitive 
model BDI to the transformation OPA to meet the demands and expectations of a patrol 
in its direct actions framed by the organizational BDI. We have landed in the operational 
OPᴅAᴛ to meet decisions that may not include long term deliberations but instead those 
have been trained for beforehand over and over again to a point of largely automatic 
response. The abilities and the ᴅActions trained may exclude cognitive processes and are 
more ‘spine reactions’. The IDCᴛᴏ (see Fig.17) accommodates modeling the 
understanding of imperfect information that emerges during debriefing, with the intention 
of giving this imperfect information presence when learning from stipulated DO´S and 
DONT´S. Simulation-based training accommodates this in a very concrete way. The 
experience of the team and its individuals must feed into the organization again, and 
here it is important to know that all the preplans, plans, non plans, and retrospective 
plans will shape new plans that are the experience capital of the organization and its 
team members.  

To understand what keeps a team together we can analyze the questionnaire given out 
at the main simulation training field study with 21 officers answering. The officers were 
from Norway and Sweden. When talking with the main instructors at IntUtbE, they said 
that certain skills and/or certain human values are of importance when a team is 
functioning as a team. These results are presented qualitatively and without any attempt 
at statistical analysis due to the initial and exploratory nature of the study. 

Trust was one of those factors having quite a big impact on an operational team. The 
instructors mentioned that they as instructors can gain trust because they can tell about 
their own operational experiences and therefore can exemplify and give good examples 
which become pre mental models for those who are leaving for overseas missions. These 
pre mental models can be practiced and play a significant role for individuals in 
simulation training in effect the mental models of their instructors become their own, in 
the context of a team they may not have been working with before. The models may 
address questions like: who am I in relation to the others and how can I build individual 
expertise? Those personnel that have been out on international missions before have 
former experience and this can be used for the benefit of the team as whole. An 
inexperienced trainee (a ‘newbe’ or a ‘rookie’) has no former merits and have to win trust 
within their team and to prove their own legitimacy.  A person that has not been out on 
international missions before does not have any records from colleagues nor documented 
professionalism in actual situated operations. 

“Trust metric is a measurement of the degree to which members of a group [are] trusted 
by each other”70

                                          

70 

. Trust metrics that can be implemented on computers are interesting for 
studies and engineering of virtual communities. Attack resistance is an important 
property of trust metrics that reflects their ability to not be overly influenced by agents 
who try to manipulate the trust metric and who participate in bad faith (i.e. who aim to 
abuse the presumption of trust). 

http://en.wikipedia.org/wiki/Trust_metric, accessed 2009-10-25 

http://en.wikipedia.org/wiki/Trust_metric�
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 Trust from a social science perspective is more than a relationship of reliance. “A trusted 
party is presumed to seek to fulfill policies, ethical codes, law and their previous 
promises”71

The officers in the field study were given some questions about trust and trust value 
retrospectively to avoid disturbance of the training session. They first were presented 
with three statements which were: “trust for oneself”, “trust for the group” and “trust for 
situation” in relation to their choice of the `most hard´ scenario in the simulation 
training. Their choice of trust in the different perspectives is stated on a scale from 1-7 
where 1 stands for the lowest trust and 7 for the highest. The results are summarized in 
Figure 57. 

. 

 

Figure 57. The “trust” distribution and mean value in the hard scenario. 

If we look at “trust for oneself” the median is 5.3 and “trust for the group” m=5.0 and 
“trust for the situation” m=4.9. The trust is obviously highest for oneself, then for the 
group and last for the situation. Figure 58 shows each individual median value covering 
all three trust aspects to see how the group is constituted as whole. Notice that the 
median value in the scale is 3.5. Below the mean for all three trust values is written out 
for each individual. The means are written out in integers, with up to 0.5 being written 
out as the lower integer and above 0.5 being written up as the higher integer. 

 

Figure 58. Participants and their mean value each for the three forms of trust. 

These are the total figures for mean trust values among the simulation training 
participants. In Figure 59 these mean trust choices are presented on orthogonal axes and 
                                          

71 http://en.wikipedia.org/wiki/Trust_(social_sciences), accessed 2009-10-25 

http://en.wikipedia.org/wiki/Trust_(social_sciences)�
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in a circle graph and in a circle diagram in Figure 60. None of the participants have 
chosen 1 or 2 on the scale. 

 

Figure 59. Mean values of trust and quantity in the total group. 

 

 

Figure 60. The total distribution of mean trust among participants for the scenario considered “most 
hard”. 

The 21 participants were operating in patrol teams of two, one vehicle leading the patrol 
with PL and D and one vehicle following behind with a team of two. We now present what 
scenario each individual thought was most hard. Out of 21 participants 19 answered. 
Before presenting the answers, an abbreviation list is needed to fully understand the 
replies, see Figure 61.  
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Figure 61. Abbreviations and what they stand for. 

The questionnaires were completed after 2 simulation rounds were carried out, 
participants having circulated roles so the leading role could be practiced. Figure 62 
shows replies to the question: “Most hard scenario”. 

 

Figure 62. Individual answers about the hardest scenario. 

We see that IED is getting most replies, Fig.63. This shows that ad hoc explosives in an 
environment are direct threats and a big impoliteness for security generally. 

 

Figure 63. The top three most hard scenarios as reported by the participants. 

The collected data from the 2nd field study showed that the teams in their round II played 
session made a quite big time profit because of recognition of the general layout of the 
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environment. So both field studies showed this time profit in terms of recognition of the 
environmental context.  

In asking questions it is also useful to ask what comments could be added as valuable 
evaluation outcomes from the training scenarios and what could become better or be 
thought of to improve further pedagogy and design of training. In figure 64 some of the 
officers have commented upon the training scenario and what here refers to the most 
hard scenario. The major issue noted is the so called buttonology referring to how to 
interact via the keyboard and that mapping between the real world and the simulation 
world becomes a problem due to the inappropriate interface of the simulator. More time 
practicing these functions would probably help, so the interface became less conspicuous. 

 

Figure 64. A free evaluation and comments from participants. 

The most hard scenarios can be contrasted with the perceived most easy ones, as shown 
in Figure 65.  



102 
 

 

Figure 65. Individual replies to question “what was the easiest scenario?”. 

Here ANP, ANA and round II were considered to be the easiest cases. If we think of our 
discussion about plans and how to relate to plans it is interesting to see participant 13´s 
reply, that he thinks that “All that conform to the plan” was the least hard scenario. This 
shows that the kind of decision processing modeled by AᴋsGA functions as the 
background plan. The challenge in keeping a simulation interesting is then to vary the 
content so the background plan is challenged.   

 

Figure 66. The top three least hard scenarios perceived by the participants. 

The replies above in Fig.66, show also that round II of the simulation became easy and 
this shows that different simulation designs and scenarios of various kinds may need to 
be varied to limit repetition so they do not become ineffective due to boredom. Just slight 
variants can give new motivation for reaching learning outcomes. Leaving and 
approaching camp can be more advanced, where checklists and procedures are actual 
inputs to the simulation environment and the JACK OPᴅA can elaborate plans depending 
on what initial cognitive models the participants have from the start. This way individuals 
and teams could be challenged, the flapsheets, equipment and the information handed 
over before leaving camp can have consequences later on if suitable game elements were 
implemented as well. Then the plans for agents need to be able to meet different 
challenges so there is not just a single plan for a fully developed plan library; all kinds of 
variations have to be thought of. It would maybe be useful to use the concept of BDI-
OGA-OPᴅA-OPᴅAт directly in an organization so modeling could be done in spare time and 
also be used when times are more calm and easy at the camp. The driver role seems to 
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be too easy and maybe the PL with his/her several roles in one could be partially 
distributed to the driver at certain times. This suggestion is just for the sake of 
distributing resources when its suitable. It can also be pointed out that scenarios with 
few events are perceived as being easy. It is therefore necessary to inhabit an empty 
simulation world in order to make it challenging; the actions are one part of the context 
but the interaction between people and its richness in communication take observational 
and other cognitive resources. Observation is tiring and an exhausting work where gaze 
patterns are developed over time. It is important though not to fall into redundant 
presumptions about the state of the world so that alertness becomes suppressed 
physiologically: this state could also be called boredom.   

For the least hard scenario the trust value ”trust for oneself” reaches m=5.79, with two 
participants not replying so the number is divided by 19 participants instead. The “trust 
for the group” becomes m=5.26 and “trust for the scenario” m=5.47. If we now take 
each individual and look at the mean-trust-choice for the “least hard scenario” we get: 

 

Figure 67. Participants and their three overall mean value of trust in least hard scenario. 

This shows how the distribution of trust value has shifted compared with the most hard 
scenario, Fig.67. In Figure 68 we can see the distribution of scale values and officers in 
the least hard scenarios. 

 

Figure 68. Mean values of total estimated trust of 19 participants. 

Below in Figure 69 is a comparison between the mean values for most hard scenario and 
least hard scenario. 
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Figure 69. A comparison between individual mean trust values. 

There is a radical change between the trust values for the hard scenario and the less 
hard scenario. Trust for oneself, the group and the situation is on average higher for the 
less hard scenario, which also has higher numbers chosen on the scale. It is interesting 
to see that challenge and trust seem to have a dependency on oneself, the team and the 
environment and its context. Scale value 3 remains the same for both cases.  

The comments on the less hard scenario, as shown on Figure 70, are valuable for gaining 
an understanding of where the threshold is between these extremes. 

 

Figure 70. Participant comments about the less hard scenario(s). 

To have a transfer to real world circumstances from simulation training or vice verse it is 
here suggested that “threat” is part of reaching higher real performance, and there 
should be no repetitiveness in the scenarios, there is an impact factor for observational 
data like objects so there are things to report, higher performance may be related to 
skills with the computer and keyboard, and also there is a lack of motivation when 
driving out from and back to camp. The checklists and planning of the route should be 
able to change. It might also be effective if participants could add their own 
organizational BDI profiles, ROE, instructors B+D=I, OPᴅA and finally the aim and 
experience of teams and context.   
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One of the biggest surprises in this study was that 90% of the participants had had 
former simulation training, was according to answers to the question: “Have you trained 
in any computer simulation environment before?”. This is really a high number which I 
would say is unique and knowledge that is not published or used anywhere. This is 
probably a higher number of people interacting with virtual technology for training real 
world scenarios than existing in academia.  

Training the participants have received prior to the study includes LTA (Command and 
Control Training), Fire command, simulation training similar to this, tests with SAAB 
training (movable targets), E simulator (Fire Command), network games, computer 
games, navigation, training in communication route driving versus TOC, Group Training 
Facility (GTA), Crew Training Facility (BTA), Shooting Simulator with videoscreen 
(F.A.T.S.), Combat Training Facility (STA) and at Inf/Kav HK and MSS Skövde.  

Further understanding of how the participants are thinking is revealed in answers to the 
question: “What possibilities do you see with this kind of environment?”, summarized in 
Figure 71. 

 

Figure 71. Individual answers on the questions of what possibilities simulation-based 
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training can give. 
 
These answers express enthusiasm and optimism for the existing technology and what it 
can provide and how it can be used to meet the needs of operations in high risk 
environments. This optimism comes from the personnel who are operating or are going 
to operate in real world circumstances. The answers say that what exists is good and 
from my side I know it can become even better. To bring together existing software and 
hardware we can come closer enhancement and augmentation of human performance 
iteratively in both directions between closed and open worlds.  

To simulate a real environment is a goal in itself to be able to bring distant real world 
conditions close to be able to be familiar with distant circumstances and bring 
circumstances alive through technology. It is for people to gain an understanding of a 
real physical world somewhere else. 

The IDCᴛᴏ model can include all kinds of variables that can be useful for the team and 
especially to build up every person with self confidence in a balanced way so the person 
can contribute to the team. Unconscious processes can also be visualized so the team 
becomes more aware of weaknesses and strengths.  

I will bring in five more answers from my questions before making a closure to this part 
of OPᴅAт and IDCᴛᴏ that will bring answers to the questions I´ve raised before. If you are 
interested in the other questions and answers used in the study please contact the 
author. 

The first remaining open question is from the perspective of observation and objects. The 
answers are given individually and the question is “When you observe the surrounding, 
do you search for special objects/things?”. Six participants did not reply, and four people 
said just yes, so we have ten answers which correspond to half of the group that do not 
really say anything. The other answers are useful in trying to understand better how 
these observations could be improved and also be better systemized with other abilities. 
So the objects of deliberate search are described as: enemies, clear objects that do not 
fit in into the environment, objects that draw attention, to observe and look for changes 
and events, cannot describe it in words, everything that can give information in relation 
to `stomach feeling´; too much of something, too little, people, places but those I see 
from above, deviant things; things that do not conform to the `normal picture´, and the 
last reply says: Purpose indicators for fire attacks/mine attacks! Presence of the 
abnormal /Absence of the normal. People, vehicles, mopeds, motorcycle etc.  These 
replies may say that the observer is diagnosing or is searching for a symptom of those 
objects viewable but also those missing. The missing objects are those outside the field 
of view or we may not know how to read the environment we are in.  

The second remaining open question is “If you have experienced good team work, what 
characterized it –what building blocks did it consist of?”. Eight participants did not reply 
but the other thirteen did and that gave a good idea of what is regarded to be of 
importance in a team when working together in this kind of context.  The answers are: 
Trust for the team concerning ability, knowledge, skills; The ability to take the training 
for what it is with this short time of preparations; Time to get to know each other is the 
primary; Trust, peoples practice and training to build a team; Take/give; Common 
experience that we have been able to solve a task together; Communication-
announcements-training-evaluation; Affinity/Solidarity, comprehension for one another 
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as individuals, effectivity, no unnecessary talk; People who respond and empower each 
other; Safety between all members in the team, and clear defined roles; An own team; 
and Good even workload, things you like to do, things you have to do. Faith/trust for 
each other and acceptance for each other’s strengths and weaknesses.   

The third remaining open question about the team will be the closure for the OPᴅAт-
IDCᴛᴏ and a return to the organization as IDCᴛᴏ-BDI, the final competence from teams 
that should feed back into the organization. The iteration through the levels shown on 
Figure 17, and the different decision procedures at these different levels, have to be 
understood for advancing and developing tools for experts in the field, especially so 
comprehension between different decision levels can be approached. 

“Using traditional tools, social scientists have often been constrained to model systems in 
odd ways. Thus, existing models focus on fairly static, homogenous situations composed 
of either very few or infinitely many agents (each of whom is either extremely inept or 
remarkably prescient) that must confront a world in which time and space matter little. 
Of course, such simplicity in science is a virtue, as long as the simplifications are the 
right ones. Yet, it seems as though the world we wish to know lies somewhere in 
between these extremes” (Miller & Page, 2007). 

In the open world, 3 seconds delay can result in enormous damage if officers/soldiers are 
not reacting. The art of peacekeeping missions is to conduct peace and at the same time 
be fast enough if the peace conduct is broken. Beliefs, Desires and Intensions with 
learning, sociability and time issues are core ingredients in peace missions.  

So the third open question is about what makes a team become a team and how long 
time does it take to build a good team? The answers are varied: Depends on the 
individuals and the task; It depends on what the team shall do, maybe several years; 
Impossible to estimate, different from team to team; Depends on what the team shall 
do; At least 5-6 months; Long time, cannot give in hours; Months or at least weeks; 
Depends on what task that shall be solved; Long time, hard to state hours/days; 3…, 
2.5-3 years in military context; 1 year; It depends on…; It all depends on the team partly 
task and prerequisites; Lots of training together –as team; depending on task; Depends 
on many factors, but at least 6 months; Listen to each other! To debrief the situation 
every so often. Clear goal(s) for the team and roles defined and accepted by everybody.  
We can probably say that depending on task and individuals in the team it can take from 
one hour up to 3 years in a military context to form the feeling of being a team. 

The second last question is: What is then important to think of when one is working in a 
team? The answers are: Being sharp and smooth; Respect, humbleness, leadership, high 
ceiling etc; Clear leadership and working tasks; Companionship and trust; Humbleness 
and respect for each other; One earn trust; The background everybody has; 
Collaborative training –the same SOP (Standard Operating Procedures) trust; To 
complement each other and be humble for the task/each other; Know each other’s +/-, 
reactions etc; Synergy effects –to let people do what they are best at; Common goal and 
individual respect; To show respect –to be able to adjust. Find ones role; That all shall 
follow…as member and part of the team but still be able to be oneself; Everybody has 
his/her role but can as well give advice to make the team itself good; Communication; 
Friendship-loyalty and responsibility areas; Listen to each other! Debrief the situation 
every so often. Clear goal(s) for the team and clear roles and accepted by all. Team 
values are humbleness, trust, same SOP, respect, clear goals and responsibility areas.  
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We now have comments upon how long time it can take for a team to become a team, 
what are appreciated behaviors within the team and about the decisions within the team. 
The final question asks what the decision process looks like? The answers are showing 
below in Figure 72.  

 

Figure 72. Decision process and the relation to PL. 

All these given answers show how simulation-based training can be a valuable part of a 
whole training program. The answers to these questions provide ideas for shaping an 
awareness of how we can understand trust within a team and how we may be able to 
train for trust issues in different ways while being in a secure and safe environment. To 
meet the physical world and to prepare trainees we shape simulation models close to 
those phsycial models where our cognitive reasoning, gaze, verbal communication and 
physiological responses can be part of siga design features of feedback, adaptiveness, 
support and motivation. It is also possible to give officers a tool to feed in their 
experiences. Concretely this can be to formalize ideas into a standard so siga designers 
or simulation platform staff can retrieve and exchange these ideas more easy. Anybody 
in a role should have a chance to send their `role experience with siga design idea´ to a 
central repository so it could be considered for implementation. This way the organization 
can gain information empowering teams and individuals. The organization and 
operational staff also become more transparent to each other.  

 

SUGGESTED EXPERIMENT ”TEAM RADAR IN VBS2” 
When logging into VBS2ᵀᴹ version 1.30.6099VBS, you first see six icons vertically to the 
left containing training scenarios, networking, a mission editor, after action review, 
library, and options. If you choose the icon for the training scenarios you will get three 
options of tutorials.  

Tutorial I, called `Training Mission 1´ learning movement controls. 

Tutorial II, called `Training Mission 2´ learning weapons handling. 

Tutorial III, called `Training Mission 3´ learning land navigation training.  
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Many of the designed scenarios SWEDINT use is covered in the land navigation training 
as map navigation, reporting, follow flapsheet, communicating with TOC passing 
waypoints, and take a bearing with the compass. When using a map view it is possible to 
measure distance and in first person view also distance to objects are marked out with 
rays. The first person view simulates the view from the eyes of your synthetic 
actor/character, a prolonged self.    

The AOS company has implemented CoJACKᵀᴹ within VBS2ᵀᴹ. CoJACK models human 
cognition, including the effects of moderators (e.g. fatigue, fear) on human performance 
and AOS also has software called JACKTeamsᵀᴹ supporting autonomous teams. Each 
team exists as an entity with separate beliefs from those of its constituent agents. The 
software supports different teaming algorithms and allows the representation of social 
relationships and co-ordination between team members. They present team-oriented 
programming as an intuitive paradigm for engineering group action in multi-agent 
systems. This software engineering can then specify: what a team is capable of doing, 
which components are needed to form a particular type of team, coordinated behavior 
among the team members and team knowledge.   

All computer game players know about the health bar, a bar showing your virtual health 
status during a simulation/game. VBS2ᵀᴹ also has this health bar. As the default when 
you are starting your session your health is full and over time depending what obstacles 
you meet the health bar changes. If you do not perform as the rules expect then the 
health bar drops quite quickly. To complement the health bar or to replace it, we can 
instead use JACKTeamᵀᴹ to allow individual plans to be compared with what the team can 
do as a team and make that affect the team and its possibilities in sigaplay. Here we also 
could use the models proposed in this thesis and bring in JACKTeamᵀᴹ instead of 
CoJACKᵀᴹ or having them running at the same time. To implement a live interface with 
the eyetracker and other physiological real-time data would provide the opportunity to 
bring in the open world as well as the closed one to create a sigaplay that can adapt 
challenges dynamically to optimize both motivation and learning.   

 

Figure 73. Proposed `Team Radar´. 
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A team radar, Fig.73,  implemented in VBS2ᵀᴹ, Fig.74, would graphically represent initial 
personal data like weight, pulse (rest-pulse), age, mood, role, trust thresholds, skill(s) 
etc.. Before starting, all team members place themselves in front of an eyetracker which 
then is interconnected with the VBS2ᵀᴹ engine, CoJACKᵀᴹ and JACKTeamᵀᴹ, also a pulse 
watch, GSR electrodes, and a microphone for speech recognition. During sigaplay gaze, 
objects, and audio will stand for transformations through or depending on every 
participant’s physiological reactions and how the plans conform or not to former training 
and where team self-regulation becomes a cooperative goal for the group.  

 

Figure 74. Instruments interconnected: VBS2 engine, CoJACKᵀᴹ, JACKTeamᵀᴹ, eyetracker, GSR, pulse, 
and speech. 
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CONCLUSION  
The proposed system and suggested experiment for simulation-based training aims to 
contribute to answering the research questions specified in the beginning of this thesis. 
Through the pilot study and the field study we have understood how gaze functions as 
part of attention for simulated patrol missions in peacekeeping operations in Afghanistan. 
When working with the BDI model and investigating it to model fast paced decisions, 
while it was found to be appropriate for organization level models, it did not apply well at 
smaller scales. Hence derived from BDI the OPA was formed, which does not just model 
human-human performance, but could also be used for the creation of synthetic 
autonomous agents, such as RPV´s, and function as a great resource to build up 
awareness within a team. For the academic side we may have proposed these new tools 
for the behavioral and social science fields, and for the psychology research and 
entertainment game studies. 
The first research question RQ1 was whether objects trigger dialogue in observational 
tasks. In this study and in this kind of context it seems like objects in a simulation 
environment or on digital or analog maps trigger dialog but also the non appearance of 
objects triggers dialog to find out more about the missing objects. Through eyetracking 
we could say that `dialogue follows logged (and non logged) objects´ most of the time in 
this kind of observational mission. 

The second research question RQ2 was how simulation-based training is used for 
emergency situations? This question has been addressed by two field studies of 
simulation-based training for military patrol operations in Afghanistan. The field studies 
provided a descriptive answer to the research question in which many aspects of actual 
operations were found to be simulated, as follows.  

GPS is simulated in VBS2 and its maps to be used to report position so one can be found. 
Communication via radio with TOC is simulated, and routines and plans can be practiced 
in the simulated environment to reach an awareness of country context of real 
operations. Task training by simulation includes understanding the used routines of 
flapsheets, to navigate well and not lose track (especially important in emergency cases), 
when to call for backup in the form of ambulance or ambulance helicopter, to be able to 
do first aid within the simulation like providing breathing, stop bleeding and how to treat 
people in shock, if attacked knowing when or where to shoot in relation to ROE, to 
communicate in English or Afghan, to have cultural awareness and understanding, to 
build trust, how to allocate resources within the team but also among teams when an 
emergency occurs, etc.. All things can be practiced and especially when it comes to 
bringing people together quickly the simulation-based training promotes sharing of clear 
mental models between the team members. Role allocation and focus creates a good pre 
mental simulation of what has to be done if special events occur. Teams do not know 
when special events may happen so the time issue and the time frame put people both in 
very highly tense situations but also times with much waiting. Simulation-based training 
can be a way to level these extremes out or to keep staff alert in periods of waiting and 
preparedness. Sigaplay could be a concrete way of doing this.         

Measurement of learning effect is not yet well established. However, an approach 
developed here for describing intended and actual outcomes of learning is via cognitive 
operational modeling. To address this, BDI has been evaluated in relation to data 
acquired through the field studies, and variants of BDI have been derived to account for 
cognitive operational performance of kinds that cannot be easily described using BDI 
constructs. 
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The third research question RQ3 concerned how Debriefing and Learning create the 
cognitive operational comprehension that is the competency developed in a group. In 
VBS2 there is an AAR function with screen recordings for use as a kind of live protocol for 
discussions after a training session. More generally debriefing reveals different aspects of 
intended and actual learning processes and has an important function of adjusting the 
cognitive operational models of trainees to consolidate a collective set of models based 
upon the joint experience of the simulations. 

Jean (2008) reports Frank Delisle, vice president of engineering and technology at L-3 
Link Simulation and Training, who said: “as students progress from the individual-based 
learning environment to a larger group-oriented exercise, ascertaining the effectiveness 
of such training becomes much more difficult because the scenarios tend to test cognitive 
decision-making and judgment rather than skills.” The answer proposed in this thesis is 
to put the skills in focus complemented by cognitive decision-making, a combination 
achieved by simulation-based training with active debriefing and discussion. 

In addition to answering the above research questions, the derived cognitive operational 
models can provide foundations for new functionality within simulations and operational 
systems. The team radar has been proposed to process information about individual and 
team performance that can’t be dealt with by humans while performing. Here gaze 
recording, CoJACKᵀᴹ, JACKTeamᵀᴹ structures and additional physiological data would be 
feed back to individuals and teams for monitoring of task performance, emotional 
awareness and emotional regulation. The AAR in this case would be able to present 
weaknesses and strengths performed with reduced subjective interpretation. Subjectivity 
could then be an additional parameter to the processed data and learning outcomes 
feeded in to tweak the system for each individual team. The questionnaires showed the 
values and what features are appreciated by team members in general, answers that 
team members may never discuss due lack of time in sharp situations.     

Another overall conclusion is that while simulation-based training is important, it has to 
be complemented with augmented cognition systems in the future, especially since 
technologies introduced within simulation systems could also be used to great effect 
within operations. Humans, agents and RPV´s are all included in this kind of system but 
with different focus. Some further concepts for this are elaborated in the final section 
below, on Future Work. 

 

FUTURE WORK 
While the models developed here have been proposed as a basis for design and 
evaluation of simulation-based training systems, some of the most interesting future 
work from a research perspective is to take the developed models and implement them 
in open world solutions for helping people working in time-, mission- or life- critical 
situations and environments. A natural extension of the concept of using cognitive 
models in simulation-based training is to use the models to provide augmented reality 
support during actual operations, as well as in training contexts (Fig.75). 
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Figure 75. Augmented glass system with antenna and controlled gaze interaction. 

This concept can possibly be applied for pilots, surgeons, officers, soldiers, majors, 
doctors, divers, etc.; the optimal way of operating is to operate with supportive 
information sources that can present information for enhanced awareness, 
understanding, and task performance, where this information is overlayed on the 
external perceptual world in a way that does not require disengagement from physical 
world tasks in order to benefit from dynamically updated digital information sources.  

An augmented reality system could use the open world and add the kind of models 
developed here together with the gaze object tracking, the team radar and supportive 
interfaces for time critical direct actions. Integrating eyetracking within augmented 
reality visualization systems can support data manipulation while leaving hands free for 
performing other tasks, such as driving, operating technology, etc.. The system could 
also provide language advice and become an interpreter for agents in the open world. 
The objects and agents have to be tagged with individual ID tags, which is more feasible 
for a team or a limited context72

                                          

72 

 or image processing could be used to identify objects 
and agents. 

http://www.microvision.com/wearable_displays/military.html, accessed 2010-05-05 

http://www.microvision.com/wearable_displays/military.html�
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Figure 76. The MICROVISION homepage. 

Augmented reality (AR) systems already exist for military operations. For example, 
MICROVISION (Fig.76) has patented a MEMS scanner which is the core of their AR 
display and imaging engines (Fig.77, and see also the video showing “Experience the 
view through head worn military displays” at 
http://www.microvision.com/wearable_displays/military.html). 

 

 Figure 77. The AR Display interface. 

There are many interesting projects these technologies can be applied to, including: 

- develop design solutions for team gaze steered operations 

- cooperating with psychologists and military staff in developing therapeutic designs, e.g. 
for post traumatic stress disorders where technologies for learning self-regulation may 
help. 

- bring full body scanning into simulation-based training and augmented reality 
supported operations, so military staff can gain higher familiarity and recognition of one 
another when groups are mixed both at hand and in different constellations in operative 
missions.  

http://www.microvision.com/wearable_displays/military.html�
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Appendix A 
 

Print screens from the training scenarios A1-A8, Fig.8-31: 
A1 Leave Camp; ISAF guard soldiers control Vehicle Patrol, has left Flapsheet in 

TOC. Opens the gate and own staff drives out in Area of Region (AoR). 

 

 Figure 8. PL talks with own ISAF guard soldier. 

A2  Follow Flapsheet; Own staff passes (meets) traffic, local inhabitants and 
animals along the streets.  

 

Figure 9. PL fixates face and chest region on a man. 

 

Figure 10. PL fixates the different camels. 
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Figure 11. PL and driver meet a bus on their left side. 

 

Figure 12. PL and driver pass a woman in a burqa. 

A3 Incident along the road; Own staff meets a local accident. There are people 
around the local vehicle, and they are searching for help. 

 

Figure 13. PL fixates above the accident on distance. 
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Figure 14. Fixations on one of the men. A man is lying on the ground. 

 

Figure 15. Local inhabitant walks up towards the ground vehicle and talks with driver. 

 

Figure 16. Driver looks at PL. PL is looking at the man outside. 

A4 Afghan National Police (ANP) Checkpoint; Own staff is stopped at 
checkpoint. The reason is first said to be fire in some of the quarters but the 
real reason is due to checking vehicles for weapons and if they carry 
criminals. The security aspect makes it not possible for ISAF to proceed here 
so re-planning has to be done by the trainees. 
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Figure 17. PL fixates an occurrence ahead. 

 

Figure 18. A sign to the right, and objects on the road. 

 

Figure 19. A sign saying “SLOW” and it seems like a police control. 

 

Figure 20. PL fixates two of the ANP staff. 
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Figure 21. The ANP checkpoint. 

 

Figure 22. PL fixates the two ANP staff while communicating with the third policeman. Middle-ground is 
also attended. 

A5 Re-plan; Own staff chooses a new road, it is reported to TOC so there will be 
a checkup.  

 

Figure 23. Driver starts to turn left and PL follows with gaze. 

 

Figure 24. Measuring distance by gaze. 
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Figure 25. Motorcycle accident in a roundabout and communication with the motorcyclist. 

 

 

Figure 26. People start to throw stones towards the ground vehicle. 

A6 Afghan National Army (ANA) in wrong place; Own staff sees ANA with 
vehicle. Questions arise about what they are doing there? 

 

Figure 27. A dialogue with ANA staff and gaze on mouth. 

A7 Improvised Explosive Device (IED) observed; Own staff sees what is 
comprehended as being an explosion.  This happens close to the camp that 
sends out support; Own Flapsheet is interrupted. 

 

Figure 28. Passing a car, it is waiting for ISAF vehicle to pass. 
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Figure 29. The same car they passed before is overtaking them. 

 

Figure 30. Sequence when IED is thrown in front of ISAF vehicle. 

A8 Return CAMP; Patrol over.   

 

Figure 31. Ground vehicle with PL and driver sees ISAF guard soldiers again. 
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Appendix B 
 

Sennersten C., Alfredson J., Castor M., Hedström J., Lindahl B., Lindley C. and Svensson 
E. (2007). Verification of an Experimental Platform Intergrating a Tobii Eyetracking 
System with the HiFi Engine, Swedish Defence Research Agency –FOI, FOI-R—2277—SE, 
Sweden.  
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1 Introduction 
 
At the “Serious Games Conference 06” in Washington DC, the content was divided into 
two major categories: War games and Simulations and `Situated Learning´ in Teaching 
and Training. The games under consideration provide these situated environments with 
their tasks and goals, which are provided either with instructions or not, and are of major 
interest for a broader target group than the entertainment industry.  
Serious games are of interest for very specific effects and outcomes on their players in 
the form of various different kinds of learned skills. The ongoing improvement of the 
design and effectiveness of serious games requires an increasing understanding of the 
relationship between game design features, player characteristics, rewards of game play, 
game play interaction patterns and learning outcomes. Psychophysiological techniques 
provide a foundation for the detailed collection of data during real time play of games as 
an empirical foundation for this increasing understanding of play. Psychophysiology is a 
broad scientific field in which different types of sensors are used to measure the reaction 
and various states and behaviors of the human body to events in the world (or to 
experimental stimuli) and use the resulting data to make inferences about the mental 
state, emotional state and cognitive activity of the human player. 

The psychophysiological perspective on game and simulation environments is of great 
importance in providing empirical foundations for the development of validated theories 
by which a designer (or an instructor) can make decisions in relation to gameplay 
design73

The biometrics obtained from psychophysiological studies of game play can be used to 
provide important knowledge for many reasons. From a design perspective it helps to 
answer why to use specific design features and arrangements. The purpose can be to 
control the player’s physiological interaction to reach a certain interaction goal or to 
monitor the state of the player for training and instruction. Generally, the cognitive side 
of these interactions involves the development of specific skills allowing players to 
overcome game challenges that may include problem solving, tactics, spatial navigation, 
reaction time, logical reasoning and many other functions.  

. Of course there are different purposes of gameplay but the foremost is to 
engage the participant and create strong motivation to play. Very often people ask the 
question of how much time players can spend on one game and also the question of why 
they are so immersed in this kind of a learning environment. Gamers might freak out to 
hear that their games are learning environments, but if the problem solving involved in 
game play is considered, we can understand that this is the case. The difference between 
entertainment games and serious games is that entertainment games are designed to 
reward people for playing as an end in itself, with no consideration of the transferability 
of the skills involved in other contexts. For serious games, skill transfer is a critical issue 
and the whole point behind using games for non-entertainment purposes. 

Today when situated learning is widely discussed, not just because of its effectiveness in 
learning but also because of economic efficiencies, the transferability of skills among 
virtual game environments, simulators and real life operative environments must be 
considered. To interact with a 2D display and a common keyboard, in relation to a 
simulator that emphasizes the real setup of devices with visual displays of different kinds 
and real world operation, can be questioned due to differences in sight/vision and motor 
                                          

73 Here we use ‘gameplay’ to designate play forms intended for a game design by its 
designers, and ‘game play’ to designate the actual play behaviour of players. 
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interaction between games/simulators and operational environments. Game play 
biometrics can provide important data contributing to the answers to this question.  

Brown74

The project reported in the present study contributes to the more efficient use of the 
biometric technique of eyetracking for the analysis of game play. Previous work by 
Sennersten (2004) demonstrated the usefulness of eyetracking studies of game play, but 
encountered the problem of the very long analysis times required; four hours of game 
play took three months to analyze manually. If the identification of objects under the 
point of gaze could be automated, however, this basic aspect of analysis could be 
achieved far more quickly. While the automated identification of objects by image 
processing of the resulting screen data together with the eye gaze data would be 
complex, a much simpler solution is possible, i.e. integrating the eyetracking system with 
the game engine and having the game engine log the objects under the gaze point 
during play. The implementation of this is conceptually and technically simple, since an 
(x,y) coordinate representing a gaze point on the screen can be treated in the same way 
as an (x,y) cursor position when a mouse button is clicked, ray tracing from the (x,y) 
point to intercept the closest perceived virtual object within the 3-dimensional world 
synthesized by the game engine. It is then straightforward to modify the game engine 
code to ensure that the information about the object under the gaze point (i.e. its 
identity and position) is entered into a log file. In this way automated identification of 
game objects under the gaze point can be achieved and recorded in an ongoing log of a 
play session. Object identification under the gaze point then takes place automatically 
and in real time during play, taking no extra time at all than the play session itself. 

 points out three important factors concerning biometrics. First, that game play 
analysis which is based on biometrics can drive new instructor created 
missions/scenarios. Second, that increased avatar linkage to actual player state is 
achievable using biometric measurement technologies as feedback to a game system. 
Thirdly, the real time dynamics of game play can be adapted; if the time requirements of 
game interaction are adaptable system variables, then workload involved in play can be 
either a fun factor or a more severe one depending on the context.  

This integration of an eyetracking system with a game engine, with real time logging of 
the object data, has been achieved by the project as reported in this technical report. 
The eyetracker used is the Tobii™ 1750 eyetracker owned by HGO, while the game 
engine is the HiFi Engine developed by the Swedish Defence Research Agency (FOI). The 
verification study reported in this document describes the system and the analysis 
process used to verify its correct operation. The results of the verification process are 
described and analyzed, and the resulting precision model for the integrated system is 
presented. 

  

                                          

74 Notes from the presentation “Applying Biometrics to Assess Training In-Game and 
during AARs” by Randy Brown. (AAR stands for After Action Review) at Serious Games 
Summit Conference 2006, Washington DC, USA. 
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 2 Background 
 
Designing and interacting with 2D worlds has its own rules and possibilities. Moving on to 
digital 3D worlds adds many questions in how to design for a view frustum (or viewing 
volume) potentially having 360 degrees of freedom around three orthogonal axes. Virtual 
worlds can also be arbitrarily large, so how should we design for a player’s attention 
within a space, which can be experienced as endless and open? 
In order to understand how 3D worlds are constructed and perceived, one can refer to 
existing knowledge from the study of aviation and training simulators. Studies of human 
factors, situational awareness and workload have revealed a wealth of information on 
how to optimize and understand the interaction of humans and machines. This approach 
contrasts with the more prevalent approach to game design from a more general culture 
studies viewpoint, which has been dominant within international game research for the 
first few years of the millenium.   

For example, in a helicopter there are also 360 degrees of freedom while rotating around 
the pilot’s own shoulder or around their own axes. The instrumentation in a cockpit is 
both mechanical and digital. Visual Flying Rules (VFR)∗

To operate in a digital 3D space one has to decide where one should be and how to 
navigate depending on what objects are present and relevant in the digital world. These 
decision processes are both present in a pilot situation as well for a player in a game play 
session. To connect this awareness of space, either in a physical reality or in a virtual 
game reality, cognitive functions try to map (associate) and categorize these things 
depending on the current task. The mind builds these understandings partly in the 

 are formalized and trained 
regulations for a pilot. One can say that the operational 3D environments in these cases 
are primarily situated outside the helicopter. They are external, outside both the physical 
human body and the physical body of the machine. The rules within the regulations are 
guidelines for how to meet this physical/external environment and have to be understood 
and solved by a human pilot. Of course, these environments, especially in aerial work, 
also include surprises of different kinds like terrain conditions, animals, unpredicted 
winds, changing light, etc.. Instrumentation Flying Rules (IFR), on the other hand, are 
those rules the physical human uses within the cockpit in conditions of poor or non-
visibility of the external space outside the machine (e.g. in bad weather). 
Instrumentation within the helicopter can be considered to be read mostly as 2D 
graphics, as within a game (e.g. staminas, bars etc.), while the pilot’s motor actions are 
carried out through a joystick, thrust control and pedals, that could also be used to play 
a game although it is more typical for the player of a PC game to use a keyboard and 
mouse. The theory in this field is strongly connected to visual attention theory, 
association theory and also theories of neuro-psychophysiological demands on the 
operator or player. Previc (1998) describes this in an integrated theoretical model of how 
different brain systems mediate our perceptual-motor interactions in peripersonal space 
(the region immediately surrounding our bodies) and the three major compartments of 
extrapersonal space (the focal, action, and ambient realms). 

                                          

∗ VFR and IFR are rules for how a pilot can and is allowed to act depending on daylight or darkness, weather 
conditions, the equipment of the aircraft, ground equipment and certification. Simply expressed, VFR rules 
indicate how a pilot, with his/her own eyes and the aircraft´s ground equipment, is allowed to perform with the 
aircraft within areas and aerodromes that have requirements on factors such as least sight distance and 
distance to clouds and obstacles (sight to ground). The cloud height cannot go under 600Ft and sight not under 
800m. 
For IFR, the decision height for “precision flight” is 200Ft (60m) or lower for category II or III. The sight 
circumstance along an IFR path way is allowed to be 0m. 
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“Where” and “What” centers in the brain (Nyberg, 2002). Castor et al., 2003 (p.112), 
state that the operating attribute in Military Aircraft Operations includes Flight and 
Mission Planning as a template for change. This means that the pilot has to plan the flight 
regarding distance. A central hypothesis of interest to the primary author of this report is 
that gameplay, depending on genre, is also carried out with decision-making based upon 
virtual distance, which could follow from real life conventions or vice versa. 

It is against this background of the interrelationships between aviation operations, 
situational awareness, workload and computer game play that psychophysiological 
investigations of game play are of interest, particularly to the primary author of this 
report. 

2.1 Reason for doing this project – the Research Project Context 
As noted in the introduction, during a previous study on eye movements in an action 
game tutorial (Sennersten, 2004) the need for more efficient methods of data analysis 
became evident. Already at Lund University while working on a master’s thesis in 
Cognitive Science, Sennersten turned to FOI wondering about the eyetracking methods 
used in previous studies. The focus on 2D environments in Lund did not meet 
Sennersten’s needs in saying anything about player´s interaction patterns in 3D game 
worlds. The game worlds Sennersten was thinking of were particularly First Person 
Shooters (FPS) and Role Playing Games (RPG´s). What could help would be to be able to 
have an automatically obtained relation between x and y gaze coordinates and logging of 
both objects (identification and location) and events while playing to improve the 
efficiency of the analysis process, which otherwise is very time consuming. It is also a 
problem when making judgements by eye about the objects that are under gaze points 
identified by eyetracking, subjective interpretation is an unavoidable factor. “Clean” data 
is needed. The use of eyetracking to study game play is part of Sennersten’s ongoing 
research, which will be greatly facilitated by automating lower level aspects of the 
analysis process. 

The Swedish Defence Research Agency (FOI) has over recent years conducted several 
studies in game related areas (Hasewinkel & Lindoff, 2002; Kylesten & Söderberg, 2001; 
Lindoff & Hasewinkel, 2004; Rencrantz, 2003; Wikberg, Hasewinkel, Lindoff, Eriksson, 
Stjernberger, & Persson, 2003). These studies have mainly studied the usefulness of 
game consoles and games in training as a basis for choice of learning methods. Another 
study from FOI by Svensson et al (1997) has shown that the frequencies of shorter 
fixation times (head-up, HU) and frequencies of longer fixation times (head-down, HD) 
increased as a function of the average information load on a Tactical Situation Display of 
two JA37 aircraft simulators. One aspect that could be studied more thoroughly as a 
foundation for assessing simulation-based training is motor and visual interaction across 
computer-, simulator- and real life missions: can there be gaze and behavioral 
reinforcements in between these different environments and what differences do they 
create in humans when interacting? When bringing in game related environments and a 
generation with pre-learned individual gameplay patterns, one also has to consider pre-
established game play behaviors that could be more or less efficient in different contexts. 

The foremost reason for doing this project has been to develop the integrated 
eyetracker/game engine system and to see how accurate this kind of system can be for 
application within the research in the areas described above. In general, a lot of effort 
goes into biometric measurement, but our most important organ, in relation to perceiving 
the environment around us and generating the highest perceptual data input, is the eye, 



136 
 

which to date has been underused in biometry. Without distributed visual attention it is 
impossible to say a great deal about the meaning of other kinds of physiological or 
psychological measurements in relation to responses to an environment in which visual 
data is significant. A peak in heart rate variability, for example, with no reference to 
audiovisual stimulus can be hard, if not impossible, to interpret.  

2.2 Review of eyetracking technology 
Eyetracking is a method that has been used commonly over the last 40 years and given 
insight into how (visual) attention is distributed when carrying out different tasks. The 
technique involves tracking eye movements and recording the distribution of gaze over 
time. Eyetracking techniques have been used in many fields including neurology, 
cognition, linguistics, branding, advertisement in newspapers and the like, car design, 
art, media communication, security of different kinds, etc.. 

There are four broad categories of eye movement measurement methodologies 
(Duchowski, 2003): electro-oculography (EOG), scleral contact lens/search coil, photo-
oculography (POG) or video-oculography (VOG), and video-based combined pupil and 
corneal reflection. Today the latter measurement is the most widely used because of 
ecological validity and ease of use.  

EOG relies on measurement of the skin´s electric potential differences, using electrodes 
placed around the eye. Scleral contact lenses and search coils provide the most precise 
eye movement measurements. The search coil is embedded in the contact lens so the 
electromagnetic field frames can be placed directly onto the eye (Eye and Vision at 
Bernadotte Laboratory at Karolinska Institutet has these devices). POG measures the 
eyes under rotation/translation (the shape of the pupil) using corneal reflections of a 
close directed infrared light. The video-based technique with corneal and pupil reflection 
demands the head to be steady so the eye´s position in relation to the head and the 
point of regard coincide. This last technique has also been integrated into a variety of 
devices including the head-mounted eye tracker, which does not just track the screen but 
also gaze behavior outside the screen area.  

It is important to distinguish between techniques for measuring eye movements and 
techniques for measuring eye-point-of-gaze (EPOG), also called “point of regard”. Eye 
movements may be measured to determine where someone is looking. Only if the 
absolute orientation of the eye in relation to the surrounding objects is known can the 
EPOG be determined. Eye movements could, however, be measured for other purposes 
than determining the EPOG. Often it is not only interesting to know where a person is 
looking, but also how the person is looking. For instance, can eye-movements tell us 
something about the mental state of an operator, such as the mental workload? For this 
purpose it is not only interesting to measure the orientation of the eye, but also 
measures such as blinks and pupil diameter. 

A user uses both foveal vision and peripheral vision to gather visual information. With 
foveal vision, which is about two degrees of visual angle, the user can get a detailed look 
at a certain point, the eye point of gaze. The movements of the eye that maintain 
fixations are called fixational eye movements. To make the image of a constant moving 
object stay in the fovea, pursuit movements are made by the eye. Movements of the eye 
that are jumping from one point to another are called saccadic movements. 
Vistibuloocular eye movements are those compensating for the movements of the head. 
Optokinetic eye movements are used when a large part of the visual field is rotating. 
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Finally, vergence or disjunctive eye movements are used, for example, to follow a target 
that is getting closer or further away, by moving the eyes in opposite directions to one 
another.  

The time that the eye is not moving, but staying in the same position, is called fixation 
time or dwell time. Fixation times are used to evaluate computer displays or other 
interfaces. However, it is not always obvious how to interpret the meaning of a long 
fixation time. For example, important information can make the user fixate upon the 
information for a long time, as well as badly displayed and confusing information. By 
comparing the fixation times to other data it can sometimes be possible to draw valuable 
conclusions from the data. 

In active vision or overt attention, sampling is achieved by a fixation-move-fixation 
rythm and this pattern can be found in the vision of humans, most other verbrates and 
some invertebrates (Land, 1995; Land and Nilsson, 2002). Passive vision is also referred 
to as peripheral vision or covert attention, with the meaning of attending without looking. 
Peripheral vision increases in degree outside the 2-degree high-resolution foveal centre. 
Findlay and Gilchrist (2003) point out that overt attention, via the fovea, plays the major 
role in visual attentional selectivity.  

It has long been believed that the eyes and eye-movements can tell us some things 
about the human mind; when looking at a stranger for the first time, it is possible to see 
whether he or she is frightened, sad, tired etcetera simply by looking at the persons 
eyes. In recent years, eyetracking technology has been developed to provide competent 
aids in determining user interaction with technology. Computer interfaces have been 
evaluated with eye movement data in several studies. Graf and Krueger (1989) used eye 
movement data as a performance measure for evaluation of an alphanumeric display, as 
well as a measure of the cognitive load on the user. Lankford, Shannon, Beling, 
McLaughlin, Israelski, Ellis, and Hutchinson (1997) have used eye gaze tracking in the 
design of telecommunications software, arguing that “...graphical interfaces can benefit 
substantially if eye tracking data on a user’s visual interaction with the software is 
considered as a part of the design process. This eye tracking data would supplement the 
more traditional human performance data (e.g. timing and errors gathered during 
usability testing)”. The combination of eye movement data with other data sources, to 
get a more complete picture of what is happening, is a promising area deserving much 
more investigation. 

Eye movement measures can be used both in the design of a new system and in the later 
evaluation of the same system. Thus, the purpose of using eye movement data to 
evaluate interfaces could be a concern both for the better design of new interfaces and 
for ensuring that interface designs are really effective by later testing.   
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2.2.1 Comparison of specific eyetracking systems 
Different eyetrackers have different qualities suited to different purposes. The sampling 
rate, for example, can be a major issue when choosing equipment for a particular study. 
A relative assessment of various systems was made by researchers at FOI to get an 
overview of their pros and cons in relation to purpose and goals for different studies. The 
table below is derived from the technical report presenting the results of this assessment 
(Alfredson, Nählinder & Castor, 2004), where five different systems/techniques, all of 
which FOI has experience with using, are compared. In this report the properties of the 
Tobii eyetracker used in this study are added to the table. 

 GazeTracker EOG JAZZ Smart Eye Video 
based 

Tobii 1750 

Measure
ment 
principle 

 

Differential 
corneal 
reflection 
and 
electromagn
etic head-
tracking 

Corneo-
retinal 
electrical 
potential 

 

IR-pupil 
tracking 

Optical 
feature 
recognition 

Optic
al 
video 

Optical feature 
recognition 

Maturity High High Low Medium High Medium 

Accuracy 

 

High NA NA High Low-
mediu
m 

High 

Max 
range 
horizontal 

 

Medium. 
Limited by 
eye 
movements 

Medium Medium High. 
Limited by 
head 
movements 

Unlimi
ted 
for 
head 

High. Limited 
by head 
movements 

Max 
range 
vertical 

 

Medium. 
Limited by 
eye 
movements 

Medium Medium Medium. 
Limited by 
head 
movements 

Unlimi
ted 
for 
head 

Medium. 
Limited by head 
movements 

Head 
movemen
ts 

 

Yes No Yes Yes Yes Yes 

EPOG  

 

Yes No No Yes Yes Yes 

Time 
resolution 

60 Hz Optional 1000 Hz 30-60 Hz Low 10-50 Hz 
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Fixation 
duration 

 

Yes Yes Yes Yes No Yes 

Scan 
paths 

 

Yes No No Yes Yes, 
but 
very 
time 
consu
ming 

Yes 

Saccade 
velocity 

 

Yes No Yes No, not 
implemente
d 

No No 

Eye blink 
detection 

Yes Yes Yes Yes Yes Yes 

Pupil 
diameter 

 

Yes No No No, not 
implemente
d 

No Yes 

Eye blink 

 

Yes, optional Yes, 
optional 

No, not 
impleme
nted 

Yes Yes No 

Eye 
activity 
(EME) 

 

Yes Yes Yes Yes Yes Yes 

Costs 

 

High Medium Medium High Low, 
but 
high 
analy
sis 
costs 

Medium 

Reliability 

 

Medium Medium Medium Medium Mediu
m 

Medium 

Intrusiven
ess 

 

High Medium Medium Low Low Low 
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Type of 
data 

Eye 
movement 
and EPOG 

Eye 
moveme
nt 

Eye 
moveme
nt 
(Saccad
es) 

Eye 
movement 
and EPOG 

EPOG Eye movement 
and EPOG 

Interferenc
e from 
surroundin
gs 

 

High 
(Electro-
magnetically
) 

Low 
(Muscle 
activity) 

Medium 
(Infra 
red 
illuminat
ion) 

Medium 
(Illuminatio
n and 
picture 
background
)  

Low 
(Illum
inatio
n) 

Medium 
(Illumination 
and picture 
background)  

Ease of 
use  

 

Low Medium High Medium High Medium 

Preparati
on 
time/calib
ration 
time 

 

High Low Low Low. A 
couple of 
hour’s 
installation 
if moved to 
new 
setting. 
Low 
calibration 
time. 

Low Low  

Analysis 
time/cost 

Medium Medium Medium Medium High 
(Prop
ortion
al to 
amou
nt of 
data) 

Medium 

 

The “High”, “Low” and “Medium” values in the table do not have any scientific thresholds; 
they express qualitative judgements based upon the experience of the FOI researchers 
and authors of this paper, and could possibly be ranked differently by another group. The 
maturity of experience in different studies nevertheless gives the table a high trust value 
as overview information. 
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 3. Experimental platform specification 
 
The project that this document describes uses the Tobii eyetracking system since it has 
EPOG, blink detection, is robust against head movement, tracks both eyes for higher 
reliability, can be calibrated quickly, has comparatively good spatial accuracy, an 
adequate sampling rate, and an API for the server that supports convenient integration 
with the game engine. 
The HiFi Engine was selected since the source code is accessible and FOI own the engine 
and are therefore not constrained in its use. Features and performance of the engine are 
very good and it is an engine for first-person shooter games, which are of interest to the 
researchers involved. Since FOI developed the engine, familiarity with the engine also 
makes it very easy to modify, thus facilitating software integration with the eyetracker.  

3.1 Technical architecture - HiFi Engine 
The platform used in the experiment is based on the HiFi Engine (HFE), a 
game/simulation engine developed at Man-System Interaction - Swedish Defense 
Research Agency (FOI) in Linköping, Sweden.  

3.1.1 Open source components 
HFE is developed around several Open Source components that take care of specific 
tasks such as physics, sound, network communication, etc.. Besides wrapping in several 
open source components, there is a core of functionality that glues everything together 
and adds some specific functionality to the simulation engine. This is functionality that is 
specific for the simulation area that HFE is mostly used for at FOI.  

HFE itself is developed as a simulation component that could be used for different 
applications. It could be used for pure simulation purposes like simulating a specific 
vehicle, or for more game-related simulations such as the context of this report, or in a 
completely different type of application such as a command and control application. In 
the latter case HFE can take care of everything from visualization to symbol handling, 
including move, add and remove symbols, send symbols to other systems, logging etc. 
(e.g. see the report for the project “Cognitive overview” where CoMap, Cognitive Map is 
described, which is a C&C application for urban combat, Kylesten, 2004). 

With HFE it is possible to run one stand-alone client or to create a bigger simulation with 
many clients. This could be very useful when looking at, e.g., effects of solving situations 
in a cooperative manner. HFE can also enhance simulations with its excellent 
visualization and in-depth vehicle physics simulations etc..75

 

 

Figure. 1. The HFE architectural hierarchy. An application is built using HFE, which in turn uses open source 
components that handle some functionality in the simulation engine. 

                                          

75 For further information about HiFi Engine, contact Johan Hedström, johhed@foi.se. 

Open Source components 

HiFi Engine 
Application 

mailto:johhed@foi.se�
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3.1.2 The Test Application  
A basic FPS (First Person Shooter) game has been built for use as the verification 
stimulus game for the present study that utilizes some of the advantages that HFE 
provides. Some of the things implemented in the FPS are basic weapon handling, picking 
up ammo boxes and similar triggers to pick up health-increasing objects. 

3.1.3 Logging 
During execution of the experiment, interesting perceptual objects within the game 
world, as indicated by player gaze direction, are logged in a file. The logging data 
consists of structures with one entry per gaze sample, where a gaze sample is taken 
from the eyetracker server with every frame generated by the game engine, 
corresponding also to a simulation time tick. The data logged includes: 

• object identifier, consisting of name and (x,y) position of the object model origin 
upon the virtual ground 

• time of the gaze sample 
 

3.2 TET Server and TOBII eyetracker 
The Tobii Eye Tracker 1750 runs on a PC with the Windows Operating system (Windows 
2000 service pack 3 or Windows XP service pack 1 or 2). The system can either be used 
in single or double computer setups. In this study a game application is running at the 
same time as eyetracking, which is most likely too much processing to do on one 
computer, hence in this study we use the double computer and double screen setup. One 
computer is running the eyetracking software ClearView (2.6.3) and the TET eyetracking 
server. The other computer is running the game application. The two are connected via 
TCP/IP. The TET server gets the data from the eyetracker and sends it to the ClearView 
software. For calibration of the eyes of the player, the operator switches the eyetracker 
display over to the second screen of the operating computer that runs the Clearview 
software, for display of the calibration pattern (hence a dual head graphics card is 
needed on the operating computer for the double display setup). The output from the 
Game Computer goes through a splitter where two video outputs are created, one going 
to the video capture card on the operator computer, where the captured video data is 
input to ClearView, while the other output goes to a switch that selects either the game 
display or the operator computer second monitor display to send to the eyetracker 
display. The routing of the video display is illustrated in Figure 2. 
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Figure 2. Display routing. 

A typical play session using this system involves the game player playing the game in 
front of the eyetracker. After briefing the player with any instructions relevant to the 
study, the calibration process is run, calibration patterns being displayed on the 
eyetracker screen while Clearview uses the known positions of elements in the display to 
calibrate eyetracking for that specific player. Then the eyetracker screen is switched over 
to the game display via the routing switch. The operator must start game object logging 
within the game engine using a command line instruction, at which a synchronization 
message is sent by the game engine via the TET server to Clearview to commence 
eyetracking. Synchronization is necessary to simplify time correlation of object log 
entries on the game computer with video frames captured by the operating computer. At 
an instruction from the operator, the player then commences playing while eyetracking 
and game engine object logging are running.  

During game play, with each simulation tick or game display frame the HiFi (game) 
engine requests a gaze data sample from the Clearview software via the TET server. The 
game computer then traces a ray from the (x,y) coordinates of the gaze point to 
intercept the first collision mesh within the game world under that (x,y) point, 
corresponding with the object being looked upon by the player. Within the game engine, 
a log entry is generated that includes the name of the 3D object model appended with 
the (x,y) coordinates of the model instance on the horizontal plane of the 3D game 
world, ensuring that each object instance is uniquely identified, together with a time 
stamp generated by a trigger signal from the eyetracker collected with a high-resolution 
timer, based on Windows multimedia timer. The log record is then appended by the 
game engine to the object log file stored on the gaming computer. When the goals of the 
session have been met, the operator asks the player to stop playing. A command line 
instruction on the gaming computer is then used to turn off the object log and 
eyetracking. 

The Tobii eyetracking system detects and collects eye gaze data at a rate of 50 samples 
per second, with frame grabbing of the corresponding game display at a lower but 
selectable frame rate. The eyetracking system monitors the eyes of the 
subject/participant based upon reflected infrared light patterns and calculates gaze 
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positions automatically, with hardware in combination with advanced software 
algorithms. The system has head motion compensation and low drift effects, with 
binocular tracking, which yields higher accuracy then just a monocular method. Another 
advantage of this system is that if the participant happens to move, especially the head, 
tracking is not lost if only one eye cannot be tracked during the movement. (With other 
systems, the participants may have helmets, headrests or markers, with different 
respective freedoms and constraints of movement.) For ecological validity, the 
eyetracking camera is implemented at the bottom part of a normal sized screen. The 
Tobii 1750 system can only track what is presented on the screen and not anything 
outside the screen area. The calibration time is only 3 minutes if no problems occur due 
to eye disorders, blinking, etc.. The recommended eye distance to screen is 
approximately 60 cm. The accuracy of an eyetracker is measured in degrees. The 
accuracy or bias error of the Tobii 1750 system has been tested over a set of individuals 
to 0,5 degrees of visual angle when using standard accuracy measurement principles for 
eye trackers. One degree of accuracy corresponds to an average error of about 1 cm 
between the measured and intended gaze point at 60 cm distance from the user to the 
screen. The tolerance of head movements is about 10 cm sec-1. 

The light condition requirements for eyetracking are generally the same as when using 
an ordinary computer display. Near Infrared light (NIR) such as components of sunlight 
are not recommended to be present while tracking the eyes, since this can cause 
disturbances in the tracking. The eyes and especially the pupils are very light sensitive, 
so it is also best to avoid direct and/or strong light from the study environment. 

For both eyes (left and right) the following data is available derived from the eye tracker 
data processed by the Clearview software and TET Server: 

- Time (The timestamp is in microseconds),  

- Screen X (horizontal position),  

- Screen Y (vertical position),  

- Cam X (horizontal location of the pupil in the camera image),  

- Cam Y (vertical location of the pupil in the camera image),  

- Distance (distance from camera to eye),  

- Pupil (Size of pupil in mm) and  

- Code (validity of gaze data). 

Validity codes ranging from 0-4 and are logged for each eye with every gaze data point. 
0 is the highest validity value and means that all relevant data for the particular eye is 
correct. 

The frame rate and timing are crucial when this system is connected with a game engine. 
The game engine has its own tick-by-tick simulation update rate, the eye tracker has a 
different sampling rate and the real time video capture has another time rate again. The 
sampling rate of the 1750 eyetracker, representing the rate of gaze point data collection 
by the system, is a constant rate of 50Hz. The display frame update rate of the game 
engine varies depending upon the complexity of the visual scene, generally being 
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between 25-35 ms. Video data capture was set at 10 fps (frames per second) for the 
present study. These different rates must be correlated during analysis in order to obtain 
the most accurate correspondences between gaze data, game frames and video frames, 
although due to variable latencies in the system the correlations are never perfect. This 
is analysed in detail in later sections of this document. Latency is defined as the time 
taken from the generation of a signal to its reception, in this case including time taken 
for eyetracking camera exposure, transfer to the TET server, calculation and delays in the 
server, transfer to Clearview, request generation from the game engine, processing time 
in the TET server, and response propagation back to the game engine. 

 

 

 

 

 

 

Figure 3. The start time from the Game Engine has to be synchronized with the Real Time Video Capture due its 
delay. The figures above show the internal relationships in this study. 

 

4. Description of the Verification Procedure 
 
The verification study reported in this document concerns verification of the effectiveness 
and accuracy of the integration of the Tobii 1750 eyetracker with the HiFi game engine 
(HFE). This concerns the basic success of the software methods used to perform the 
integration as well as the effects of various potential sources of error in both spatial 
accuracy and temporal accuracy. The essential method of the verification procedure is to 
conduct a study using the integrated system, then to conduct an analysis of the objects 
under the gaze point by manual interpretation of the captured game video data with 
superimposed gaze data, and then to compare the results of this visual analysis with the 
object log produced by HFE. Detailed analysis of the comparative data is then used to 
obtain an accuracy model of the integrated system that provides the basis for 
interpreting the accuracy of automated log data obtained from ongoing studies based 
upon the integrated system. The accuracy model is the significant analystical result of 
this project. 
Note that the first verification procedure showed that the integrated system did not work 
due to faults that were later found in the implementation of ray tracing within HFE. These 
faults were quickly fixed and the verification procedure was repeated to undertake the 
analysis presented here.  

Various software packages are used for the different stages of the process. They are: 

BattleCraft - Stimulus 

ClearView - Videocapture and Video output generation with superimposed 
gaze data 

Virtualdub - Analysis/Transcription 

Excel  - Statistics/Transcription 
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The rest of this section presents an overview of the steps of the verification procedure. 
These steps are then exemplified in the subsequent section, followed by a section 
containing a detailed discussion of issues observed within the verification process and 
data. The final section then presents the accuracy analysis and model based upon the 
data and the verification process. 

4.1 Steps in the verification process 
A. Prepare Stimulus 
The 3D stimulus is created using a commercial, off the shelf game level editor. Most 
popular 3D games (e.g. HalfLife, Oblivion) have these editing tools to allow players to 
create and play their own game levels. ‘Mods’ are also possible, allowing players to 
create their own game content (media assets), worlds and simulations. Integrating a 
game engine with an eyetracker as described in this study, however, requires access to 
the source code of the game engine. Source code is typically not freely available unless it 
is an open source game engine. For the project reported here, FOI has access to the HFE 
code and HFE can import game levels from a commercial level editor, making the editor a 
convenient tool for stimulus development. 

B. Select Player Participant(s) 
The criterion for selecting players depends upon the study being conducted, the 
hypotheses of interest, etc.. It may be important to consider player characteristics, since 
variability of play style preferences, tastes, etc. can have a major impact on study 
results. One early example of a system for categorizing players is that developed by 
Bartle (1996). Bartle´s four main player categories are: Achievers, Explorers, Socialisers 
and Killers, each reflecting differences of in-game behavior. Also there are numerous 
psychological tests that one can consider for categorizing players to find character and 
personality differences that may correlate with statistical differences in game play 
patterns. The latter tests may have to be carried out by authorized and certified 
psychologists in some countries if they need to be approved by ethical authorities. 
Different demographic categories of players could also make a difference to their gaze 
behavior during game play, including: Age, Gender, Novice/Average/Skilled player, How 
long the participant has been playing games, What games the participant has been 
playing, Certain tactics or strategies habitually used by the player, etc. A standardized 
eye test should preferably also being carried on participants since eye conditions can 
influence the results in eyetracking. 

In a military context, when there are often homogenous trained groups, the emphasis of 
interaction testing can be on to see how a particular task is carried out or on the 
usefulness of specific equipment. In a non-homogenous group the categorization of 
player types is more important, so a baseline can be created. A baseline is a so-called 
neutral interaction pattern, which can be related to individual differentiations among 
players.  

Despite these concerns with player characterization in experimental studies, the 
verification procedure is not concerned with the analysis of play patterns as such. Hence 
no questionnaires or observations that would be used in a full-scale experiment were 
used in this verification study. Similarly, biometric measures can say very much about 
temporal states within a player, one purpose with eyetracking being to relate biometric 
responses to what is represented on the display, similarly to traditional stimuli-response-
result learning (e.g. Pavlov´s saliva test, conditioned reflexes, Eysenck, 2000). However, 
in this verification study only eyetracking data is considered. 
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C. Log Data 
The sequence of operations for undertaking data logging is as follows: 

i) Operator:  Start Clearview software 

ii) Operator:  Start game using HiFi engine. 

iii) Operator:  Set player start point within game level (HiFi command line  
    instruction). 
 
iv) Operator:  Spawn player character within game level (HiFi command line  
   instruction). 
 
v) Operator:  Initiate logging by game engine (HiFi then starts eyetracking  
   via message to TET server; HiFi command line instruction). 
 
vi) Player:  Start playing, play to objective.  

vii) Operator:  When player reaches objective, end logging and eyetracking via  
   game engine (HiFi command instruction) 

 

The resulting logs and data include: 

- Object log from the game engine 

- Clearview eyetracking data 

- Captured video of the play session with superimposed gaze data, also generated by 
Clearview 

Figure 4 shows an example of data from the object log created by the HiFi engine. For 
the verification study, the HiFi engine logged in total 13285 rows in a 5 minutes play 
session. 
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Figure 4. Object log by HiFi Engine. 
 
D. Create Transcription  
A transcription here means a textual description of what objects are judged by the 
analyst as being visually fixated in the captured video of the play session. This requires 
the analyst going through the video frame by frame and making a transcript record for 
each frame. The video is displayed using the VirtualDub software, which allows each 
frame to be accurately examined.  

 

Figure 5. The software VirtualDub version 1.6.15 used for manual transcription. 
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A transcript record includes: 

- Time of video frame 

- Object name 

- Gaze behavior (e.g. new fixation, extended fixation) 

- Object(s) interpreted by the analyst as being under the gaze point 

These records are entered into a spreadsheet to facilitate further analysis. Figure 6 shows 
an example of the information from the avi file transcribed into the spreadsheet (note 
that data in column H is not used for the analysis). 

 

Figure 6. An exemplification of transcription in the spreadsheet, see column “F”. 

Object identifiers are first annotated by the analyst on a printed top-down view of the 
game level obtained from the level editor or from within the editor on a second screen to 
help identify objects on the video and to work out the camera orientation within the 
game world (Figure 7). The identifiers have to be marked out manually because there is 
no automation of this. 
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Figure 7. A “print screen” of dual screen mode while transcribing from VirtualDub. The first-person view to the 
left and the top-down-view to the right. Source: VirtualDub and Editor “BattleCraft”. 

E. Synchronize record times from the Game Engine Object Log and Video 
Transcription 
The objects in the object log created by the game engine need to be correlated with the 
corresponding records in the transcribed information from the avi file. The procedure 
used to do this is: 

- Insert the object log entries in the same spreadsheet as the video transcription 

- Search through the video to find frames representing distinctive new objects of 
fixation 

- Find the corresponding log entry changes in the object log data 

- For those correspondences that are found, look at the time difference for each of 
those records between the object log and the video transcript 

- Average those time differences to obtain a best estimate of the starting time 
differences between the object logging and the video data capture 

- Create a new (hypothetically) synchronized object log time column by modifying the 
frame times in the original log data by the offset time value found in the previous 
step 

For the verification procedure reported here, 7 match points were selected for obtaining 
an average value as a basis for time synchronization. The 7 locations that were picked for 
the study are objects that the player participant has not looked at before until that point 
in the game session. The 7 different match points used, with the corresponding time 
differences, are: 

1st match 

AviFrame:4,000       wdfence2_fen1_m1_820_896 

GameEngine_Start: 5.515037 
Time difference: 1,515037 
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2nd match 

AviFrame:8,100                     frwall 784_947 / hangar1_m1-hangar1interior_0_0 

GameEngine_Start: 9.674996 
 

Time difference: 1,574996 
 
 3rd match 

AviFrame:172,500               euwindmill_m1-euwindmillinterior_0_0  

GameEngine_Start: 174,02664 
Time difference: 1,526642 
 
4th match 

AviFrame:234,900           landmineprojectile_992_1227 

GameEngine_Start: 236,446518 
Time difference: 1,546518 
 
5th match 

AviFrame:248,200                 citymesh2_m1-eubooksh_m1_2_6 

GameEngine_Start: 248,395844 
Time difference: 0,195844 
 
6th match 

AviFrame:284,400                 eu_church_m1-eu_churchinterior_0_0 

GameEngine_Start: 286,175049 
Time difference: 1,775049 
 
7th match 

AviFrame:360,700                 citymesh3_m1_1078_1175 

GameEngine_Start: 362,234406 
Time difference: 1,534406 
 
The average value used for synchronization is taken from the 1st-4th match values and 
the 7th value. The two other values are taken away because the records are far enough 
away in time from the other values to be regarded as aberrant. The average time 
difference works out to be 1,539520 s. This positive number represents the time period 
for which the object log was active before video capture commenced. Hence it must be 
subtracted from object log times in order to synchronize the object log entries with the 
video transcript entries. 

Once this average is obtained, a new column is created in the spreadsheet with values 
representing the original object log times modified by this value as the offset 
representing the difference in start time between object logging and video capture. The 
new object log values represent the best estimate of times since the same starting time 
as the video capture. 
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This is illustrated in Figure 8, where column C is the original object log time and column 
D is the start time synchronized with video capture. Note that the negative values in 
column D indicate that object logging commenced prior to video capture, indicating a 
delay from when the start of eyetracking message is issued by the game engine to actual 
start of eyetracking and video capture by the Tobii system. 

 

Figure 8. Column C is original time and column D is new time concerning start delay for the video capture. 

F. Run Sorting Macro 
The spreadsheet resulting from step 5 above includes the object log data alongside the 
video transcript data, including the offset time values for the object log data. For the 
sake of comparing the object log data with the video transcript data, it is then very 
convenient to sort these two data sets into a single time ordered list. This can be done 
automatically by running a macro written for this purpose in the spreadsheet. An 
example of the result is shown in Figure 9 below. Since the object log samples are taken 
every 25-30 ms and the video frame rate gives a frame interval of 100 ms, there are 
typically three object log entries between each video transcript entry. Sorting in the 
verification study resulted in a total of 17064 rows of object log and transcript 
information. Since this is the sum of the number of object log rows and video transcript 
rows (3780 + 13285), it may be inferred that the calculated times never exactly match 
(i.e. there is no single row, corresponding to a time from start, at which there is both an 
object log entry and a video transcript entry). 
 
 

 

 

 

 

 

 

 

Figure 9. The sorted Object Log and the AVI frame transcription. 

G. Detailed analysis of sorted data 
The sorted list is inspected to identify three categories of correlation information of the 
object log with the video transcript that describe the accuracy of the system. 
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Classifications in these categories are entered into three new columns added to the 
spreadsheet, as shown in Figure 10. The categories are: 

- the number of ambiguous objects under the representation of the eye point of gaze 
observed in the video transcript (column E on Figure 10). The figures derived from 
this are used to obtain a probabilistic model of spatial accuracy in the accuracy 
model developed later in this document. 

 
- ‘number of records apart in time’ of objects that correlate (column F on Figure 10). 

Since the object logging time is variable, object log and video transcript records do 
not occur at exactly correlating times. The analyst therefore records the number of 
records separating log entries and the apparently corresponding video transcript 
entries. A value of ‘0’ means that the object is logged both before and after the 
video transcript record in which it occurs. ‘-1’ means that the object log entry occurs 
one record later than the transcript entry, ‘+1’ one record earlier than the transcript 
entry, etc.. This illustrated on Figure 11. The figures derived from this analysis are 
used to obtain a probabilistic model of timing accuracy in the accuracy model 
developed later in this document. 

 
- a description of specific circumstances of correlation or reasons for error, for 

example that a logged object lies under a saccade (valid) or that an object was 
logged when the raytracing in the game engine intercepted its bounding volume 
when the bounding volume extended beyond the visual edge of the object (so the 
actual gaze object was behind this transparent area covered by the bounding 
volume) (column F on Figure 10). 

-  

 

Figure 10. The three implemented categories in the spread sheet. 

 

Figure11. Here the berlin_galler_m1_820_905 is matching 2 rows down so that represents “-2” in the inserted 
column. If its instead 1 or 2 rows up it is represented with a “+” before digit. If one object is embedded 

between two identical objects its represented with “0”. 

H. Derive Accuracy Model 
The first two categories under point 7 above provide the basis for statistical 
characterization of the temporal and spatial accuracy of the system. The accuracy model 
is then the derived accuracy for the Tobii eyetracking system integrated with the HiFi 
game engine. This is described in detail below, both in terms of frequencies and an 
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abstracted probabilistic model (in the section ‘Analysis: Resulting Accuracy/Precision 
Model’). 

4.2 Summary of Data Quantities in the Verification Procedure 
The verification study documented here covers logged data from a player in the `SW´, 
`NW´ and minor parts of the `NE´ zones of the 3D environment stimulus described 
below. The generated text data from the Game Engine is logged every 25-30 ms. The 
real-time captured AVI (Audio Video Interleaved) video file including superimposed gaze 
data has a frame rate of 10 fps corresponding to an inter-frame time of 100 ms. So 3-4 
rows of game engine log data correlates on average with one row of AVI information in 
this case. The total object log entries generated by the game engine for the session used 
for the verification study is 13 285 rows, while the AVI file includes 3780 video frames 
resulting in 3780 rows of transcribed AVI information.  

4.3 Detailed Description of the Stimulus Used in the Verification 
Procedure 
The first author of this report developed the stimulus (i.e. the game world) using the 
game level editing environment BattleCraft™. BattleCraft is a level editor for the game 
“Battlefield 1942”. Before starting level editing, the scenario, created by one of the 
coauthors at FOI, was described as a foundation for the layout of the game world. The 
description of the stimulus is as follows. 

4.4 Scenario for the Verification of Automated Gaze Object 
Logging  
The player plays a soldier alone in a city environment. The task is to navigate through a 
city labyrinth to find the rest of their group. The level of challenge might be increased by 
increasing the time pressure to find the group, e.g. using the scenario that an enemy 
artillery attack is expected within x minutes. 

In order to be able to find the group, the player can use a mini map; the use of the 
minimap (i.e. how often and how long the player looks at it) is an example where 
eyetracking can provide useful design information. 

In the game environment several “navigational clues” can be provided as to where the 
player’s group can be found (e.g. tracks in the terrain, road signs, wheel tracks from 
their tank, “red ribbons around branches”, lit torches, signals/arrows painted on walls, 
dead bodies, bullet holes, exploded holes in walls, blown up cars, discarded weapons, 
etc.). It is also possible to have allied soldiers in the town that the player can run up to 
and gain clues from (e.g. by dialog text such as “I saw them by the church”). 

Threats/objects to avoid in the terrain include remotely deployed antipersonnel mines, 
FASCAM mines that are deployed by artillery, which means that they are openly exposed 
on the ground and easy to see), improvised explosive devices (IEDs, booby-traps, which 
are hard to see), enemy vehicles and soldiers that patrol the area. Game testing will be 
needed to tune the severity of damage from these threats. 
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Figure 12. An overview of the level with 4 starting points,SW (South West), NW, NE and SE. 
 

A number of “power-ups” and objects to collect are located in the game world. The player 
has a secondary task to collect ammunition for the machine gun since the group is low on 
ammunition.  

All of the above mentioned objects and mines have to be graphically large enough to be 
certain of being able to detect gazes upon them from the eyetracker.  

With the following scenario in mind, the first author designed the maps presented in 
figure 12 to 16, which are images from the level editor (these high level displays are not 
available to the player within the game itself). The map shall be possible to copy so it is 
possible to play the same map several times but entering it from a different direction. 
This creates a labyrinth of four quadrants entered from each compass direction and 
having approximately the same difficulty. 

The stimulus has met the requirements mentioned above except for the provision of 
clues. This is a major element for gameplay but because of time limitations this was not 
implemented for the verification study, where the logging of the objects is the priority, 
and not the gameplay itself.  
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Figure 13. The objective of the player is to reach the church. The player is told that theirgroup can be found near 
the square. The number of opponents increases as the player gets closer to the square and to the church. 

 

 

Figure 14. A top-down-view of the environment (North West corner), the game objects and their positions.  
 



157 
 

 

 Figure 15. The BattleCraft “Camera Fly Mode” and the “Material Mapper” view. 
 

 

Figure 16. The BattleCraft “Camera Fly Mode” and the “Object Mapper” view. Spawn points are added to 
design the combat opportunities. 
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4.5 Discussion of Observations Made During the Verification 
Process 
This section presents commentary and examples of accuracies and inaccuracies observed 
in the object logging while creating the video transcript and cross-reference to the HiFi 
object log. Undertaking this analysis requires detailed investigation of the relationships 
within and between close rows through all 17,064 of the sorted data table, with reference 
also to the display of the video frames in the video file. 

Note that some instances are discussed primarily in the body of the text while others are 
only discussed within figure captions. Examples of observed errors and issues of 
interpretation are given in this section, while error frequencies are presented in the 
section ‘Analysis: Resulting Accuracy and Precision Model’ below. 

4.5.1 Picking and raytracing errors 
Picking errors occur when the engine is not logging the raytraced object correctly within 
the virtual world. The raytracing is a linear pointer and the target object has to be hit by 
that line. Raytracing errors happen when a raytrace goes through the ‘correct’ object and 
the engine picks out another object behind it. An exemplification of a raytrace error 
follows below.  

 

Figure 17. On row 3,674 one can see the transcribed object on the right side and on the next row (3,675) shows 
the logged object by the HiFi Engine. 
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Figure 18. Player´s gaze is on corner of building citymesh4_closed_m1[976_1042]. 

In frame 819 the avi and the transcription state that the gaze-point-dot-representation 
represents a gaze point on citymesh_4 _976_1042 (row 3,674), but the object log says 
citymesh_4_1083_1054 (row 3,675). See Figure 17, 18 and 19. 

 

Figure 19. The player is on the left side watching building citymesh4_closed_m1 [976_1042] but the Object Log 
(HiFi Engine) logs citymesh4_closed_m1 [1083_1054]. 
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In row 3,679, it could be that the house on the other side of the square is correctly 
picked. Here is an ambiguity though, see figure 17 and 19. Between two houses the 
germansoldier_[965_1052] stands and behind him there is a ruin with open windows 
(figure 20). Row 3,679 is either a raytrace error through the german soldier or the visual 
interpretation is wrong. The fixation marker suggests that it is a visual error.  

 

Figure 20. “Print Screen” from situation row 3,679. Soldier is behind blue marker. 
  

 

Figure 21. Both highlighted soldiers were fixated many times, but only three log entries for the right hand soldier 
were generated. 

 
Neither of the soldiers in figure 21 has been logged even if the fixation has been placed 
on central parts of the body representations. The soldier on the right has had only three 
of its fixations logged, while the left soldier appears not to be logged at all. However, the 
wdfence in the background is logged all the time.  
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Figure 22. On row 5,683 the right soldier is logged three times in a row. 
 

Below is an example of when the player is inside citymesh2_m1_interior and the 
raytracing goes through the wall. 

 

Figure 23. The player is inside the building and fixations are distributed mainly on the indoor walls. This 
happens from row 11,859-11,864 /frame 2605-7. 

 

 

Figure 24. This shows what is logged while the player is inside Citymesh 2.  

In figure 23 the blue marker is on the wall but the raytrace seems to go through the wall 
to pick eu_strtlight instead. The eu_strtlight and citymesh4_1081_1254 are outside in 
the same direction and behind the blue marker and the wall. The house though is more 
likely to be picked up because it is a bigger object and could be logged while player is 
sweeping their view across the window. Another example of raytracing error is presented 
in figure 25.  
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Figure 25. Here the ray-trace goes through the finger graphic and picks the house object in the prolonged 
direction behind it [row 14,144 / frame 3,129]. 

 

Figure 26. The same problem occurs but the ray-trace hits the ground instead of the weapon or the right hand 
[row 14,211 / frame 3,144]. 
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Figure 27. The engine seems to have difficulty logging the soldiers.  

Here is an obvious case where a soldier should be logged and it is [row 14,085 
/ frame3,116] but most of the time the building behind is logged. See also Figure 28. 

. 

 

Figure 28. An enlargement from Figure 27. 

In figure 28 we can without doubt see that the fixation is directed at the centre of 
soldier´s chest, but most of the time the Object Log records the house in the back-
ground. Raytracing goes through the object in these cases. 

 4.5.2 Saccades and logging 
Saccades and fixation histories over the past 100 ms are represented on the AVI file, to 
ensure no data loss since 100 ms is the AVI inter-frame time. Sometimes, however, the 
saccades do not show. 
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Figure 29. Saccades can cover 2 objects and more,  

The question is what  is under a saccade when it is tracked and logged, but maybe not 
shown as a fixation. See row 1,304. 

 

Figure 30. The spreadsheet entry is corresponding with the image in Figure 29. 

Above is an exemplification on how the house is logged instead of the actual fixated 
object as shown in the AVI file. The fixation itself is logged later (with a -4 row lag). 
 
4.5.3 Rendering problems 
 

 

Figure 31. An exemplification on a rendering problem.  

Here a problem with the logging occurs and it seems to be a rendering problem. A house 
of this type has a “window-door-window-door” sequence at the bottom level. The black 
and white part of the same house is logged here as two different objects. The left black 
part of the house, which has not been rendered correctly, seems to be logged as the 
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house on its left side, Row 5,119. When the fixation has been on the white side and goes 
back to the black side, it is then logged correctly again. 

4.5.4 Obscuration problems 
The blue marker representing the gaze point increases in radius over time to represent 
gaze duration (i.e. fixation time) on the same object(s). Unfortunately the marker is 
opaque, so precise positions and jerky eye movements under the marker cannot be 
analyzed in detail. Since one fixation can have a duration of over 29 frames, that is a 
major disadvantage when analyzing detailed visual content from the AVI file.  

 

Figure 32. Fixation cursor on top of object. 

A typical case when a fixation is targeting one object and the marker representing it 
increases over time to obscure the detail beneath. If the marker is turned off, gaze time 
information is lost.  
 

 

Figure 33. Logged gaze and what avi file shows. 
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This is an example of how visual interpretation problems occur due to the opaque fixation 
Marker is increasing over time. The transcription says [germansoldier_972_1103] in 
column “I” and in column “J”, while the transcription says “fixation grows”. In column “A” 
the Object Log [wdfence_1042_1123] has logged differently. The reason for this is the 
increasing size of marker, which is not transparent.  
 
4.5.5 Collision detection errors 
Graphical objects within a virtual game world have a bounding volume that is referred to 
by the physics system to detect collisions between that object and other objects having 
bounding volumes. When adding these objects to a graphical model, the volumes can 
have different shapes from the model shape depending on what kind of triggers or 
actions one wants to implement for these objects, and depending upon the required 
accuracy of collision detection (in relation to the shape of the graphical mesh). If there is 
no bounding volume at all around an object, then it does not exist as far as the physics 
system is concerned. Since the integrated HFE/eyetracking system uses the collision of a 
ray trace with a bounding volume to identify the object under a gaze point, an object 
having no bounding volume will not be logged by the system as an object within the 
world.  

 

Figure 34. In this case the wall/fence does not have any collision detection and therefore, since the object under 
the gaze point is detected by the engine using a collision volume/surface, the hangar is logged instead. 

 

     

Figure 35. Visible Soldier.   Figure 36. Non visible Soldier. 
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In Fig. 35 you can see the soldier and in Fig.36 the soldier sinks into the building after 
being shot. However, this is a collision detection error that is not relevant to verification 
of the eyetracker integration per se. 

4.5.6 Collision mesh accuracy 
 

 

Figure 37. The real time log file showing where the person has looked. 

 

Figure 38. Invisible collision box of object `Fence´. 

Figures 37 and 38 show how ambiguous it can be to estimate what the gaze is actually 
directed at when collision detection is carried out on transparent parts that may be 
looked through [row12,224 / frame2682-6]. It would be possible in principle to create 
collision meshes corresponding exactly with all graphical boundaries. However, other 
spatial inaccuracies in the system (e.g. the spatial accuracy of eyetracking) suggest a 
limit to the usefulness of this, although it is also dependent upon virtual distance to the 
object: from far away, the spatial accuracy of the eyetracker is the dominant limiting 
accuracy factor, while very close up the accuracy of the collision volume in relation to the 
graphical object is the dominant factor. 

4.5.7 Spatial Ambiguity due to distance 
The problem of ambiguity due to the small-scale spatial inaccuracy of eyetracking, 
together with obscuration by the gaze point graphic, also applies for objects that are 
close together and have a far virtual distance from the player character viewpoint. Small 
scale, natural jerky eye movements also become potentially significant in size for distant 
objects that are close together. 
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Figure 39. 

In figures 39, 40 and 41 it is hard to interpret what is being fixated when the fixation dot 
is centered over a cluster of distant objects, especially when the dot itself is increasing 
over time. The problem can be illustrated more clearly in close up images.  

 

Figure 40. 

 

 

 

 

 
 

Figure 41. 

From left there is an angel_sculpture, in the middle a fence in profile that consists of 
three individual models in depth, and to the right there is a soldier. The scene is shown 
from a distance in the left of figure 42. 
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Figure 42. 

The fence has two more pieces behind it that are not viewable from this angle (figure 
43). 

 

Figure 43. 

On the right there is a soldier (the grey box) and the fence is also visible from the right 
side (figure 43).   

 

 

 

 

Figure 44. 

In fig.44 a transparent circle is added and placed over the three objects to illustrate the 
disadvantage of the opaque (blue) marker currently available within the Clearview 
software, which can be the same size as the circle, obscuring all of the relevant detail. 
The system could alternatively show just the circle boundary so the transcriber can see 
what is behind the circle. A third alternative would be a cross, centered upon the fixation 
and with a size depending upon fixation time. 
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4.5.8 Physics errors 
Physics errors other than raytracing collision errors are not immediately relevant to the 
verification of the integrated eyetracker/HFE system, but may have a bearing upon 
interpretation of the data provided by the system in later studies. This is because any 
such errors that are visually observable by players may represent novel events that 
attract the attention of a player by virtue of their unusualness and unexpectedness. The 
resulting gaze behavior will then not be related to visual attention patterns that 
characterize task-related decision processes. 

 

Figure 45. An enemy soldier floats in the air when killed! 

4.5.9 Other engine errors 
Specified “distance logging”, referring to the virtual distance from the player character 
observation point to the object that is the target of each fixation within the virtual world, 
is not carried out by the version of the HFE software used for the verification. 

5. Analysis: Resulting Accuracy/Precision Model 
5.1 Characterizing Accuracy and Precision 
 
The verification of the integrated eyetracker/HFE system reported here has been 
undertaken by comparison of the eye gaze data logged by the HiFi engine with captured 
video data of the history of game play with eye gaze data superimposed over the image 
in the form of dots representing fixation points and lines representing saccades. For 
analytical clarity and for transfer of the results of this study to the interpretation of data 
in experimental (rather than verification) studies based upon the use of the integrated 
eyetracker/HFE system, it is necessary to derive an abstracted and transferable model of 
the performance of the system from the detailed data used in and derived from the 
verification analysis. Such a model represents the conceptual result of the verification 
study. 

It is useful and appropriate for this conceptual result to take the form of an empirically 
derived model of the accuracy and precision of the system. In general, it may be stated 
that: 

“In the fields of science, engineering, industry and statistics, accuracy is the 
degree of conformity of a measured or calculated quantity to its actual (true) 
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value. Accuracy is closely related to precision, also called reproducibility or 
repeatability, the degree to which further measurements or calculations will 
show the same or similar results. 

“The results of calculations or a measurement can be accurate but not 
precise; precise but not accurate; neither; or both. A result is called valid if it 
is both accurate and precise.” 

(from http://en.wikipedia.org/wiki/Accuracy_and_precision). 

In other words, accuracy is the degree of veracity (or closeness to the truth) of a 
measure, while precision is the reproducibility of the measure of accuracy. 

 

Figure 46. A graphical representation of the concepts of accuracy and precision (from 
http://en.wikipedia.org/wiki/Accuracy_and_precision). 

In the current verification study, data can be extracted from the sorted and analyzed 
object log and video transcript table to consider accuracy and precision in both the 
spatial and the temporal performance of the system. Considering accuracy and precision 
specifically relating to the integrated system (and not its two primary component 
subsystems, HFE and the eyetracking system) these terms can be applied in the 
following ways: 

Spatial: 

Accuracy: 

Each object log entry reports one object under the gaze point. Accuracy 
can be assessed by comparison with a known actual number of objects 
within the region of accuracy of the eyetracking system. The result can 
be expressed in terms of: for a given record for an object within the 
object log, what is the probability that there were actually n objects 
under the gaze point, for an arbitrary +ve integer n? 

Precision: 

http://en.wikipedia.org/wiki/Accuracy_and_precision�
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Given a characterisation of spatial accuracy as described above, spatial 
precision can then be assessed in terms of the repeatability of the 
probabilities obtained for different values of n objects under the gaze point. 
 

Temporal: 

Accuracy: 

Each object log entry reports the time at which a specific object was 
under the gaze point during one simulation time cycle of the game 
engine. Accuracy can be assessed by comparison with a known actual 
time of that specific object under the gaze point during one simulation 
time cycle of the game engine. The result can be expressed in terms of: 
for a given record for an object within the object log occurring at a time 
tlog, what is the probability that the actual time at which the gaze 
occurred is tlog +/- toffset, for toffset in some known real number range of 
seconds? 

Precision: 

Given a characterization of temporal accuracy as described above, 
temporal precision can then be assessed in terms of the repeatability of 
the probabilities obtained for different values of toffset from the time at 
which an arbitrary object is recorded as being under the gaze point. 

Repeatability in both cases could be assessed by looking at probabilities derived: a) from 
different subsets of data within a single verification test run, or b) from data across 
multiple verification test runs. 

In developing accuracy and precision models in detail below, other aspects of accuracy 
and precision will be considered in addition to the above components specifically relating 
to the integrated system. This results in the following categories of the components of 
spatial and temporal accuracy and precision: 

- the visual system of the player 

- the HFE system  

- the Tobii eyetracking system  

These categories will be considered in turn below, first for spatial accuracy and precision 
and then for temporal accuracy and precision. 

5.2 Detailed Model of Spatial Accuracy and Precision 
5.2.1 The Visual System of the Player 
It is useful to briefly summarize the accuracy or precision of the human visual system, 
especially in relation to the other systems. Foveal resolution refers to the visual angular 
spatial resolution of the most sensitive, high resolution area of the retina within the eye. 
The highest resolution of the human eye (i.e. highest perceivable spatial frequency cycle) 
has been characterized to be around 30 arc seconds. At the optimal viewing distance of 
the Tobii eyetracking system of 60 cm (and hence the distance of the game screen from 
the player’s eye in this study), this represents a distance of 4.6e-7 m on the screen. The 
Tobii screen measures 0.34 x 0.27 m, which at a pixel resolution of 1024 x 728 gives 
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pixel dimensions of 3.3e-4 x 3.7e-4. Clearly, foveal resolution is insignificant compared 
to the pixel size on the screen. 

Eye pointing accuracy can be considered in terms of muscular tremor, which has a 
variation of 20-40 arc seconds. Since this is around the same value as the 30 arc seconds 
of foveal resolution, it can similarly be disregarded as a factor compared with apparent 
pixel size. 

A potentially significant factor in the accuracy of vision is the role of peripheral vision. 
This is dependent upon the task, the task environment and the learned visual 
competence of the observer within the environment and so should be studied within that 
context. 

5.2.2 The HFE System  
The HFE system and the game environment are sources of basic limitations in spatial 
accuracy. If the game engine is subjected to high processing demand during game play, 
it could slow down to a point of introducing noticeable visual delays that might interfere 
with the mapping of screen (x,y) coordinates onto virtual visual objects. However, this 
was neither observed nor specifically tested for in the study. Graphical discrimination due 
to factors of hue, saturation, lighting, materials and textures can make a difference to 
the perceivability of objects (e.g. whether a player perceives a boundary between objects 
or not). These factors are dependent upon the basic graphics and rendering functions of 
the system. Again, these factors were not specifically tested for in the study. 

A factor that did have an observed impact upon the accuracy of the system was the 
correspondence of specified object bounding volumes within the game design with the 
graphical objects that they are associated with. This factor is subsumed within the 
human/machine error statistics described below. 

Maximum screen resolution, with its influence on the position of edges, is a function both 
of screen capacity and rendering capacity. Since this was dependent in this study upon 
the Tobii eyetracker screen, it is considered in the next section.  

Additional game engine errors having a bearing upon the study include rendering errors 
(e.g. an object is not visible when it should be), raytracing errors (concerning engine 
functions added for integration with the eyetracker, amounting to failure to intercept 
objects under the point of gaze even though the gaze coordinates have been successfully 
retrieved from the eyetracker) and errors in the position of objects. These factors are 
subsumed within the human/machine error statistics described below. 

5.2.3 The Tobii Eyetracking System  
As noted above, the recommended screen resolution of the Tobii eyetracker is 1024 x 
768 pixels, resulting in pixel dimensions of 3.3e-4 x 3.7e-4 m. The Tobii eyetracker has a 
stated accuracy of 30 pixels, which can be interpreted as a diameter of about 1 cm at the 
recommended viewing distance of 60 cm. This is a significant factor in spatial accuracy. 

Nyquist (or Shannon’s) sampling theorem states that a signal must be sampled at least 
at the same rate as its highest frequency component in order to avoid aliasing (i.e. 
reading higher frequencies as lower frequencies). 1 cm accuracy of the eyetracker 
(corresponding to 100 spatial wavelengths per meter) means that in principle, the 
highest spatial frequency that can accurately be reproduced is 50 cycles per meter, or 2 
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cm. Hence periodic spatial frequency variations of a higher frequency than that cannot be 
accurately discriminated as gaze objects.  

Regarding screen resolution, sampling theorem allows spatial frequencies greater than or 
equal to 2 pixels in size to be reproduced without spatial aliasing, amounting to a visual 
size of 6.6e-4 m horizontally and 7.4e-4 m vertically. Clearly, the eyetracker spatial 
frequency limits are a far more significant factor than screen resolution in determining 
the spatial accuracy of the system. Hence screen resolution can be disregarded. 

Graphical discrimination (as affected by hue, saturation, light, material and texture) is a 
function of the game design, rendering engine and the Tobii screen itself. This factor is 
not considered in the study. 

Calibration of the eye point of gaze is a critical factor in determining the spatial accuracy 
of eyetracking. However, the quality of calibration data is assessed automatically (the 
calibration procedure can be repeated in the case of poor calibrations), with no quantified 
indication of the meaning of a good calibration. Hence this factor is not considered in the 
study, other than by using only what the ClearView system regards as ‘good’ calibrations. 

For the verification procedure, the spatial accuracy of video capture and the 
representation of gaze position over the captured video for interpretation are significant 
factors. The recommended screen resolution of captured video is 640 x 480 pixels, much 
lower than that of the Tobii screen itself. The impact of this is significant, as manually 
assessed and reflected in the figures for machine versus visual interpretation error 
presented below. 

Gaze data is represented in the video file as a colored line for saccades and as an opaque 
dot for fixation points. The line is thin enough to be disregarded as a limiting spatial 
accuracy factor. The fixation point dot can be set with a radius of between 10 and 100 
pixels, with a default value of 30. Since the eyetracker has a rated accuracy of 30 pixels, 
a setting of 15 pixels radius corresponds to the spatial accuracy of eyetracking. If the 
video is analyzed with a dot of this size, ambiguity due to the dot obscuring object detail 
should be an accurate representation of the basic spatial accuracy limits of the 
eyetracker. Using a larger dot size can obscure image detail and reduce the accuracy of 
visual interpretation of objects under the represented point of gaze to a level less 
accurate than that due to the accuracy limits of the eyetracker. For the study, a radius of 
30 pixels was used, with the resulting ambiguities being taken into account in the 
summary accuracy model (below). As discussed below, this is not regarded as a critical 
issue, since object ambiguity under the point of gaze is a function of game level design 
and player tasks, making this aspect of spatial accuracy difficult to generalise into a 
precision model across level designs and players. 

5.3 Resulting Spatial Accuracy and Precision Model  
5.3.1 Spatial Accuracy 
As noted above, the spatial accuracy of the integrated HFE/Tobii system can be 
expressed as the probability for a given record for a specific object within the object log 
that there were actually n objects under the gaze point, for an arbitrary +ve integer n. 

Examination of the captured video data showing the game screen with superimposed 
gaze data revealed many cases where visual examination could not disambiguate the 
number of objects under the gaze point, especially within the 30 pixel diameter accuracy 
limits of the eyetracking system. The following table shows the frequency of the 
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occurrence of n ambiguous objects under the gaze point, together with unrelated errors 
in the final column. 

 

Figure 47. 

In Figure 47 these figures are depicted as probabilities of n Objects under the gaze point. 
The meaning of this probability distribution is that if the integrated HFE/Tobii system is 
used in a study, for each entry in the object log these is actually a probability of not 1 
but n objects being under the gaze point, where the probability of there being n objects, 
P(n), is as shown on Figure 48. 

 

Figure 48. Probability of n Objects under the gaze point. 

5.3.2 Spatial Precision 
The spatial precision of the integrated HFE/Tobii system is a matter of how the accuracy 
derived above might generalize to other studies. No detailed spatial precision model has 
been derived. In general it is doubtful whether such a model can be derived, since a 
spatial accuracy model derived using the method above may vary a great deal depending 
upon stimulus design and the detailed task(s) given to a player under study. For 
example, a stimulus game level could be constructed with a small number of very simple 
objects (e.g. buildings) within the game level design. In this case, there may be few 
instances where the player experiences overlapping objects within a small visual field and 
hence a very low frequency of highly ambiguous perceptual situations. On the other 
hand, a stimulus could use a very large number of densely located objects (e.g. using 
many small plants and artifacts very close together). In this case there may be very 
many situations in which many small objects fall within the 30 pixel accuracy limits of the 
eyetracker. In both cases, the nature of the tasks given to a player may draw attention 
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towards or away from spatially ambiguous areas of the game. For instance, a task to 
search for a small object may lead the player to look at areas where many plants are 
close together, providing good hiding places. Alternatively a large scale navigation task 
may lead the player to disregard clusters of small plants while looking more at large scale 
navigational features, such as buildings. 

5.4 Detailed Model of Temporal Accuracy and Precision 
5.4.1 The Visual System of the Player 
The frequency of high frequency tremor of the eye is generally within a range of 30 to 90 
Hz. However, since the spatial consequences of this are insignificant, this factor is 
disregarded. 

The general sampling rate of the eye for sharp edges in the visual field, due to high 
frequency tremor, is 90 Hz. Sampling rates due to saccadic motion can vary within a 
wide range, depending upon the visual stimulus, the task, the person and the occasion. 
This is not considered directly here in terms of general saccadic movement, but it may be 
noted that the Tobii sampling rate of 50 Hz limits accurately sampled saccadic movement 
frequency components to those having frequencies of less than or equal to 25 Hz (see 
below).  

Spontaneous Eyeblinking Rate (SEBR) generally occurs at 2 to 10 sec intervals, having a 
duration of 0.2 to 0.4 sec per blink. This is significant and results in corresponding loss of 
tracking by the Tobii system. However, this was not found to have any significant 
analytical consequences and so is disregarded in this study. 

5.4.2 The HFE System  
The HFE frame rate varies depending upon transient processing loads, with an average 
frame interval of about 30 ms; this is the same as the simulation update rate (more 
precisely, the game engine update rate appears to vary between 28.6Hz and 50Hz, with 
an average of 30 Hz). According to sampling theory, this update results in the unaliased 
synthesis of time frequency components less than or equal to approximately 15 Hz. The 
effects of this will be dependent upon the time frequencies built into a game level design, 
e.g. frequency components of animation sequences. 

The more immediate and intrinsic effects of the variable HFE frame rate for the 
integrated HFE/Tobii system occurring terms of time offsets of object log entries 
compared to captured video frames. This variability subsumes lag, effectively 
encompassing the effects of both lag and frame rate variations in comparison with gaze 
data log data obtained from the Tobii system. 

5.4.3 The Tobii Eyetracking System  
The Tobii eyetracking system has a sample rate of 50 Hz, and hence a sample interval of 
20ms. By sampling theory, this means that only eye movements having a temporal 
frequency of less than or equal to 25 Hz can be reproduced without aliasing. This is a 
fundamental limitation of the eyetracking system, so no higher frequency information 
about eye movement is available for this study. Since this frequency is nevertheless 
higher than that of the HiFi game engine and the frame grabber, the Tobii gaze 
movement data must be used as the basis from which accuracy and precision 
characterizations are obtained. Temporal accuracy therefore refers to the time accuracy 
of correlation between the eyetracker and the game engine object logging. 
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Video screen capture is conducted at a rate of 10 Hz, or 10 fps (hence with an inter-
frame time of 100ms). Using a gaze history time of 100 ms results in all captured gaze 
data from one frame to the next being represented in the video output generated by the 
Clearview software. By sampling theory, this frame capture rate means accurate capture 
of frequency components having a frequency of less than or equal to 5 Hz. The relatively 
small scale of changes between frames as a function of the game design and its 
dynamics makes this acceptable as a basis for interpreting the objects under the gaze 
point within each frame, especially given the 30 pixel resolution of the eyetracker (since 
faster changes tend to occur within smaller spatial regions). Variations due to the engine 
frame rate are analysed in relation to the relative difference in time between when a 
frame is grabbed and when the corresponding object log record is made by the HiFi 
engine.  

5.5 Resulting Temporal Accuracy and Precision Model  
5.5.1 Temporal Accuracy 
As noted above, temporal accuracy of a given record for an object within the object log 
occurring at a time tlog can be expressed in terms of the probability that the actual time 
at which the gaze occurred is tlog +/- toffset, for toffset in some known real number range of 
seconds.  

If the game engine had a fixed frame rate that is a multiple of 20 ms and the engine and 
the eyetracker were precisely synchronized, every engine frame would correspond with a 
subsample of every n-th gaze sample taken by the game engine.  

However, the game engine frame rate and lag in the interface with the eyetracker are 
both variable. For the verification study, the only possible reference for ‘the actual time 
at which the gaze occurred’ is the video file with overlayed gaze data. The timing of video 
frame capture is consistent, but at a much slower frame rate of 10 Hz, compared to the 
eyetracker sample rate of 50 Hz. With the gaze history set to 100 ms, a video frame and 
its gaze data represent the best available representation of where the gaze point was at 
the time of frame capture and for 100 ms prior to and leading up to that time.  

During 100 ms the video image changes; this change is small and was not quantified 
during the study, but is assumed to be small enough for the frame image to represent a 
reasonable basis for interpreting the objects under the gaze point through the whole 100 
ms gaze history represented on the frame image (no more accurate data than this is 
available). 

Variability in the frame rate and lag in the connection with the eyetracker result in object 
log entries having highly variable sample timing, having an average frame interval, and 
hence sample interval, of 28.6 ms (with a population standard deviation of 6 ms). The 
object log entry is stamped with a time stamp from the game computer. Hence the log 
entry time value includes the variable lag in the request and reception of a gaze data 
point from the TET eyetracking server. 

Given these uncertainties, in order to obtain an approximate time accuracy 
characterization, it is assumed to be a reasonable approximation to equate time 
variability with relative entry position in the sorted log/transcript file. That is, from the 
time of a given captured video frame, the temporally closest corresponding object log file 
entry is found and the number of entries ahead or behind the video transcript in the 
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sorted log file is taken to reflect its time accuracy, based upon the 28.6 ms average 
frame rate.  

 

Figure 49. Frequency count of offsets of object log entries from object visibility in the video transcript. 

 
The count of offset values is then given in the following tables. In the first the case, one 
unambiguous object under the gaze point is considered (i.e. the object log record 
corresponds with the only object under the gaze point in the video transcript). The 
resulting tables are as follows: 
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Positive Offsets (+): 

 

These values are shown on the chart on Figure 49. Note that the ‘total match’ condition 
occurs when the video transcript entry time exactly matches the time of a corresponding 
object log entry (actually there are 0 cases of this), or when a the video transcript entry 
is flanked in the sorted time list by two corresponding object log entries. The chart on 
Figure 50 shows the same frequency distribution using a logarithmic scale. 
 

 

Figure 50. Frequency count of offsets of object log entries from object visibility in the video transcript, using a 
logarithmic scale. 
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Negative Offsets (-): 

    
0 Offset:  

 

Positive Offsets (+): 

 

Figure 51 shows probabilities of offsets based upon these frequency counts, both for 
single objects and for multiple objects under the gaze point. Hence for a given object log 
entry, a reasonable heuristic is that the actual time of the entry has a probability of being 
the stated time +/- 28.6 P(offset), where offset has a range from –15 to 15 and P(offset) 
is as depicted on Figure 51. 

 

Figure 51. Probabilities of time offsets, for both a single object and for multiple objects under the gaze point. 
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Since a video frame covers 100 ms and the object log entries have an average inter-
frame rate of 28.6 ms, it can be considered that a log entry falls within an acceptable 
range if it is within 100/28.6 = 3.50 entries of the video transcript within the sorted log 
file. There are 3780 transcribed video frames. There are 3072 objects log entries that fall 
within +/- 3 frames of the corresponding video frame time. Hence the overall temporal 
accuracy of object logging might be said to be 3072/3780 = ~81%. Note that this follows 
from the sampling rate represented by the captured video file of 100 msec per sample 
(frame), acting as an accurate sample rate only for sampled data periods greater than or 
equal to 200 msec. +/- 3 frames amounts to a 6 frame interval, equivalent to 200 msec 
but rounded down to the integer 6 multiple of average log entry durations, thereby 
representing a time span of 6 x 28.6 = 171.6 msec. In effect, interpretation of the video 
frame capture rate in terms of corresponding object log entries within +/- 3 log entries, 
functions as a temporal filter on the object log data, filtering out small scale variations in 
line with the temporal resolution of video frame grabbing. 

5.5.2 Temporal Precision 
Temporal precision has not been derived by considering a series of measurements over 
different trials. However, unlike the case of spatial precision, since the accuracy as 
analyzed above is derived from system characteristics, it is a reasonable assumption that 
this represents a good characterization of temporal precision across many stimuli. 
Further testing as described in this report will be necessary to verify this assumption. 

5.6 Additional Sources of Error Qualify the Accuracy Models 
The probabilistic accuracy models proposed above use the overall count of object log 
entries. This count includes a number of errors that are attributable neither to time 
variations nor spatial ambiguities. Instead, these are errors either within the HFE system 
or made by the human analyst in interpreting the video data. HFE system errors include 
rendering errors, collision detection errors and raytracing errors, as discussed earlier in 
this document. Human errors include wrong interpretations of fixated objects and 
saccades due to fatigue, pixilation, distance, or a dot representing a gaze point that is 
growing over time and obscuring what is behind it. The overall error count is broken 
down into percentages by type in Figure 52. Note that raytracing errors could most likely 
be fixed with further software development, and collision detection errors could be 
eliminated by careful construction of collision volumes to match as closely as possible 
their corresponding graphical meshes. 
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Fig. 52. The distribution of errors within the total of category 999.  

The total amount of errors includes 376 occasions of one gazed object and also if more 
than one object has been included due fixation size (ratio of 1 cm). In total, on 528 
occasions. 
 
6 Conclusion 
 
The verification study reported in this document has shown that the integrated HFE/Tobii 
eyetracking system performs well, with the accuracies described above. Such accuracy 
figures are well within what is regarded as constituting a useful system, especially for 
characterizing gaze behavior and variations in gaze behavior for statistically significant 
numbers of test subjects. The availability of this system makes it feasible to consider 
experiments using large numbers of subjects and long test sessions, generating data that 
would involve impractical amounts of time to analyse if done purely manually. The 
system is now regarded as being a highly valuable tool suitable for ongoing use in such 
empirical studies. 
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Abstract—Cognitive science provides a useful approach to studying computer gameplay, 
especially from the perspective of determining the cognitive skills that players learn during 
play. Computer games are highly visual medium and game interaction involves continuous 
visual cognition. A system integrating an eyetracker with a 3D computer game engine has 
been developed to provide real time gaze object logging, a fast and convenient way of 
collecting gaze object data for analysis. This system has been used to test three hypotheses 
concerning visual attention in close combat tactics as simulated by a first-person shooter 
(FPS) computer game. Firstly, the cuing effect of the player’s gun graphic on visual attention 
was tested, but no evidence was found to support this. Data supported the second hypothesis, 
that a player attends to the target opponent while shooting at them, in most cases, while in a 
small percentage of cases this is achieved in peripheral vision. Finally, in most cases, a player 
targets the nearest opponent. These results provide a baseline for further investigations in 
which the stimulus game design may be modified to provide more detailed models of the 
visual cognitive processes involved in gameplay. These models document the learning 
outcomes of game interaction and provide a basis for improvements, such as the optimization 
of combat survival tactics. 

Keywords:  Visual Attention, Eye-Tracking, Decision-making, Gameplay  

 
Introduction  
 

Recent trends in computer game research include the use of empirical methodologies 
for gaining a better understanding of gameplay behavior. While much of this empirical 
work has been based upon questionnaires for testing player self-evaluations over 
multiple gameplay sessions (e.g. [1]), psychophysiological and neuroscientific methods 
are emerging for studying emotional factors of gameplay [2], detailed activation of 
neurophsyiological areas [3] and the orchestration of visual attention processes in 
cognitive task performance in gameplay [4] at a level of fine detail (e.g. milliseconds). 
These more detailed methods are laying the foundations for a much deeper 
understanding of the motivational and reward factors that lead players to continue 
playing, as well as the cognitive skill learning outcomes of gameplay. This knowledge 
may be of benefit for game development in providing designers with a more scientific 
understanding of the foundations of ‘fun’, the rewards of game interaction, and how the 
emotional substructure of fun relates to details of design features. Scientific studies of 
gameplay provide direct benefits for the development of serious games, where explicit 
cognitive skill training and emotional orchestration within decision processes, revealed by 
scientific studies, are the primary drivers of game designs. Digital games also provide 
synthetic and highly controllable task environments that can provide an understanding of 
cognitive operations that may be transferrable to autonomous vehicles.   
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The development of detailed cognitive and psychophysiological understandings of 
gameplay and its affects is a large scale project that will require many different individual 
studies due to the high resolution with which games are investigated, and the very large 
space of possible combinations and detailed layouts of game design features that may 
influence player cognitive and emotional affects under study. This paper presents one 
such study, involving close combat operations simulated with a first-person shooter 
computer game. The study addresses, firstly, the question of the degree to which a 
passive graphical element, the gun position of the player, seen from a first-person 
perspective, may have an influence in cuing visual attention during gameplay task 
performance. Secondly the study looks at the extent to which visual attention is focused 
upon the target opponent while shooting, and thirdly, at the effect of virtual distance on 
the decision process. This work is the first experiment to be completed using a newly 
developed methodology based upon the integration of an eyetracker and a game engine, 
allowing gazed 3D objects to be logged in real-time during game interaction. 

 
Hypotheses Deriving from the Task Context 
 

3D FPS (first-person shooter) game environments are virtual worlds in which the 
player moves their avatar, a player character from the visual perspective of which the 
game world is viewed, through the game world and overcomes barriers in the form of 
virtual enemies by engaging and defeating them in simulated combat. Primary player 
tasks are: survival, movement and navigation through the world, and executing tactical 
combat operations, typically in the form of shooting at enemies until they are dead. In a 
real world training context there are of course ethical and survival issues that differ from 
the context of a simulation, but the instrumental operations involved transfer between 
these environments and simulation environments for training (the degree of transfer 
being a critical issue for simulation-based training).  

Visual attention is the main perceptual instrument for understanding challenges in 
this kind of setting. Visual perception provides information about the nature and location 
of challenges/threats, providing input to cognitive decision processes addressing where 
and how to move, and how and when to trigger attack commands, triggered by the 
player using a mouse or command key and implemented by the simulation engine of the 
game as the simulation of a directed weapon discharge. 3D FPS worlds have virtual 
depth, so task performance must also take virtual distance into account. 

The detailed decision process of a player can be modeled in the form of a cognitive 
task model, representing a cognitive schema or algorithm for task performance [4], [5]. 
A schema is a cognitive structure that links perception, declarative (or factual) and 
procedural (or performative) knowledge together in patterns that facilitate perceptual 
and situational comprehension, decision-making and the manifestation of appropriate 
actions within a context.  The development of gameplay schema models represents a key 
outcome for understanding the mechanisms of gameplay, representing the results of the 
cognitive learning process of learning to play and succeed within a particular game. The 
hypotheses investigated in the current study address detailed aspects of visual 
processing in gameplay task performance, as an aspect of developing more complete 
schema models for combat tactics in urban environments as simulated by FPS gameplay.  
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The weapon representation in an FPS game is the first person view of the virtual gun 
that the player avatar holds. The actual aiming point for the player firing a weapon in the 
virtual world is represented by a cross-hair graphic in the centre of the screen. Gibson 
[6], [7] used the term affordances to refer to perceived items within an environment that 
can be used to perform specific actions. In an FPS game, a representation of the aiming 
point of a virtual weapon, such as a gun sight, affords aiming the virtual weapon. In the 
case of a static gun graphic with a separate active aiming point (e.g. a central crosshair 
in the screen), the gun graphic actually has no affordance value for aiming. The graphic 
is usually visually active, in that it moves to represent the walking or running motion of 
an avatar, and typically has animations indicating firing states and reloading actions. It 
also provides a direct representation of which weapon is currently selected and active for 
the player. These indicators present informational inputs to decision processes, indicating 
the satisfaction or not of preconditions for actions, but they do not directly indicate the 
objects of actions contributing to achieving in-game goals (i.e. they cannot be used to 
aim a weapon). The graphic is also static in the sense that it remains in the same area of 
the computer screen representing the character field of view as the character moves or 
rotates within the game world. 

 

Figure 1.  Visual attention may be cued along a line projected in the virtual direction of the pipe of the gun, in this 
case from a RightGunPosition (Note that  the prolonged  line is not representative in 2D). 

When a gun graphic is separated from the aiming point of the gun in an FPS game, 
the simulation is departing from verisimilitude in its visual representation of the combat 
task, potentially lessening the effectiveness of the simulation (we do not report upon the 
degree of this effect in the current paper). Moreover, if the gun graphic provides a cue 
leading visual attention away from potential targets or the aiming cross during targeting 
during combat, then its design may be a distraction from optimal combat task 
performance. The hypothesis that this kind of distraction may occur derives from an 
earlier study [8] in which eye gaze tracking was used to investigate gameplay in a 
Counterstrike tutorial. In the earlier study, it was found that: 1. slightly more than 50% 
of gaze behavior fell within the left of the game display, where a priori an even 
distribution between left and right might be expected, and 2. approximately 50% of 
players visually fixate on the far end of the graphical representation of the barrel of the 
gun, that actually has no functionality in the performance of shooting tasks, and in the 
region in between the end of the gun and the actual aiming cross sight. These results 
motivate two of the hypotheses investigated in the current study: 

Hypothesis 1 (diagonal cuing): the diagonal shape and position of the gun graphic 
cues and directs visual attention within the screen, preceding and/or independently of 
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the attentional demands of the player’s in-game task(s) (Figure 1). This hypothesis is 
of interest for many serious games contexts where graphical elements designed into 
game environments may or may not represent functional affordances. If a graphical 
element does not represent direct task-oriented affordances, how is the passive 
graphical design relevant, is it just decoration with no purpose, might it distract from 
task performance and what are the implications of this for the transfer of player 
performance competence to out-of-game contexts? Might the graphical design be 
changed to eliminate task distractions and instead cue visual attention to task relevant 
perceptual elements? 

Hypothesis 2 (look then shoot): gaze is firstly directed upon an opponent prior to 
shooting the opponent. H2 relates to the degree to which the most important visual 
perceptual target for the performance of a task is at the centre of vision while the task 
is performed, as opposed to being attended to in peripheral vision. 

As noted in [5], computer games provide a rich task environment for cognitive 
experiments, and as such it is possible to design experiments that use a single stimulus 
(game/level) to address multiple hypotheses. For the current study, the combat situation 
creates specific priorities in decision making. Hence, in addition to hypotheses H1 and 
H2, a fundamental principle of combat was investigated: 

Hypothesis 3 (shoot closest first): for otherwise equivalent opponents, the closest 
opponent will be targeted first. Equivalence here relates to similar toughness (ease or 
difficulty to kill), potency (amount of harm they can inflict upon the player) and 
accessibility/visibility. 

H3 may seem obvious, but the development of a scientific understanding of gameplay 
requires quantitative evidence for what may otherwise be taken for granted or assumed. 
Data collected for H3 may also provide an indication of the relative importance of visual 
cuing and (virtual) proximity if a cuing effect is found. Moreover, this study functions as a 
baseline, providing data for comparison with results from ongoing experiments that may 
be designed to investigate the distinction between apparent size and apparent virtual 
distance (i.e. is it the closest opponent or the one that appears the largest that is chosen 
first?), and then exploring the relative importance of factors such as variations in 
apparent toughness and potency in relation to distance and apparent size. Underlying 
questions here from a cognitive skill perspective include the degree to which players may 
be attempting to optimize combat behavior by the allocation of importance among these 
factors, what influences these weightings (experience, PC role preferences, adapting the 
level of experienced challenge?), the interplay between emotional responses and rational 
decision-making, etc.. 

Apparatus 
 

Eye gaze behavior can be captured by an eyetracking system. The eyetracker used 
for the study described in this paper is a Tobii Eye Tracker 1750 in which the eyetracking 
technology is integrated with a graphical screen upon which the stimulus is displayed. 
The 1750 runs on a PC running Windows (Windows 2000 service pack 3 or Windows XP 
service pack 1 or 2). The eyetracker delivers an (x, y) coordinate representing a gaze 
position in 2D screen coordinates, at a rate of 50 Hz. The study used a double computer 
setup with the game application running on a separate computer from the eyetracking 
software but displaying the game via the eyetracker screen. The game computer 
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executes the stimulus game, in this case using the HiFi game engine developed by the 
Swedish Defence Research Agency (Försvarets Forsknings Institut, FOI). 

Traditionally, eye tracking studies of gaze behavior on computer screens have been 
limited to static 2D stimuli analyzed in terms of the statistics of gaze falling within static 
2D subareas (e.g. [9]), generally referred to as Areas Of Interest (AOIs). In a 3D game 
setting we are more interested in Volumes Of Interest (VOIs), or Objects of Interest 
(OOIs), as objects of gaze, which move in relation to their projection onto the 2D surface 
of the computer screen. The first-person-view camera can rotate 360° degrees around 
the players axis, so no object in the game world may be fixed relative to screen 
coordinates. While OOIs can be identified by examining a plot of gaze positions 
superimposed over the game display, this is extremely time-consuming, especially if 
summary statistics must be gathered. For our studies, in collaboration with FOI we 
developed a system in which the eyetracker is integrated with the HiFi game engine so 
that the engine receives gaze coordinates from the eyetracker and performs a ray trace 
(see [10]/[11]) within the game world from the gaze coordinate to the first intercepted 
object within the game world. The HiFi engine then records an object log entry for the 
gaze point, include the time, gaze coordinates, id and location of the intercepted object. 
The resulting object log then includes information on all objects under the gaze point for 
each participant and each experimental session. Details of the integrated system, its 
verification process and accuracy characterization are presented in [12], and [13].  

A typical play session within a gameplay study using this system involves the player 
participant playing the game in front of the eyetracker. After briefing the player with 
instructions relevant to the study, the eyetracker calibration process is run. Then the 
eyetracker screen is switched over to the game display. The operator starts game object 
logging and instructs the player to commence playing, while eyetracking and game 
engine object logging are running. Logging stops at the end of the session and the log 
data is saved for analysis.   

 

Figure 2.  The alternate LeftGunPosition. 

Experiment Design 
 

In order to test hypothesis H1 (diagonal cuing) in a 3D FPS game, an experiment 
design is required in which it is possible to discern the effect of the position of the 
diagonal gun graphic in influencing the direction of visual attention during weapon firing 
actions. This can be achieved by varying the gun graphic between pointing toward the 
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upper left from the lower right, as shown on Figure 1, and pointing toward the upper 
right from the lower left, as shown on Figure 2. 

These variations must occur in situations where there is a choice of who to shoot first 
among combat opponents on each of the left and right sides of the screen. Assuming no 
other biasing factors (and with handedness being tested by questionnaires during the 
study), if there is no visual cuing effect, then the choice between shooting the left or the 
right opponent first should be random and hence equally probable, leading to them 
having comparable frequencies of selection during gameplay. 

H3(shoot closest first) can be addressed by presenting the further variable of 
opponent distance. Hence, if two opponents are encountered, one may be nearer than 
the other. Again, if distance is not a decision factor, then the near and far opponents will 
be equally likely to be selected, and hence have comparable selection frequencies for first 
attack during play. 

From these considerations it is sufficient to provide a decision situation for the study 
where a player attack decision is made upon encountering a pair of opponents, one on 
the left and one on the right, in combinations of near and far distance and with either a 
Left or Right gun position. The dependent variable for a decision/choice point is the 
decision about which opponent to attack first. Hence each decision point can be 
characterized by 3 independent variables having the binary values: 

V1: Distance of L_opponent , values: Near, Far 

V2: Distance of R_opponent , values: Near, Far 

V3: GunGraphic, values: Left, Right 

H2 (look then shoot) is also accommodated by these variables. To make these 
independent variables statistically valid there should be at least 10 samples of each 
combination of possible values for the three variables (an estimate based upon 
assumptions of multiple regression [14]). Multiple regression analyses will not be 
reported in this paper, but is used as a criterion for the number of samples in order to 
support later data correlations. In this case there are 3 independent variables with binary 
values that make for 8 possible combinations. To obtain 10 samples of each of 8 possible 
combinations, a single experimental run must therefore present a participant with 80 
combat encounters, each of which is a decision situation addressing which opponent to 
shoot first. Each encounter must have both a Left and a Right opponent, at standard 
distances to the left and right, and the Near and Far distances are also standardized to 
be the same for each encounter. Randomizing the gun graphic position from one 
encounter to another would be disturbing and attract attention in a way that is atypical in 
gameplay, so the first half of the encounters for each participant use one gun position, 
which is then changed to the other position for the second half of the encounters. 

Too few samples may lead to a result that does not generalize (cannot be repeated) 
with other samples, and is hence of little scientific value [14]. Hence 20 participants were 
involved in the experiment, resulting in data for 1600 combat encounters. 
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Stimulus Design 
 

The stimulus is a computer game level implementing the combat encounters to the 
specification described above. Only 40 encounters needed to be implemented, since the 
80 encounters experienced by the player can repeat a sequence of 40 encounters but 
using the alternate gun position, with the starting gun position being randomized for 
each player. Each combat encounter was designed to take place within a single room, 
while the level as a whole is a series of interconnected rooms. Every room contains two 
NPC´s (non-player characters), with one each on the left and right of the room, and with 
their Near/Far distance positioned randomly so that players can’t predict their distance 
beforehand.  

The enemy positions within the 40 rooms of the level used the same layout and 
distances for each room. The LeftNear opponent and the RightNear opponent have a 2 
(virtual) meter distance from the PC (player character) soldier´s entry point, and the 
lateral distance between the two opponent soldiers is also 2 meters. The LeftFar and 
RightFar opponent positions are 10 meters from the PC soldier´s entry-point to a room, 
five meters away from one another. The PC enters each room through a narrow passage 
and with vision blocked by a blind until within the room in order to ensure some 
consistency in the configuration of opponents when visually encountered. However, the 
distances and visual angles vary a little for each player and each room depending upon 
whether the PC is running or walking, their orientation and also according to some 
freedom in position when a room is entered.  

 

 

Figure 3.  TopDownView, in the editor, of the stimulus level with 40 rooms. 

Figure 3 shows the top-down map of the game level stimulus from above. The player 
participants start out from the bottom right corner of the map. All rooms are 
approximately of the same size and the left and right handed curves of the map occur in 
equal numbers to eliminate visual biases due to path topology that may affect the result. 
The level has been created in the BattleCraft editor developed for the Battlefield 1942 
game by the game development company DICE. 
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Results 
 

This section summarizes results obtained for all rooms and players, covering the 1600 
data samples (20 participants with 80 enemy encounters each) obtained in the study. 
Results are considered in relation to the three hypotheses of the study. In the data 
representations, `N=200´ means that all 20 player participants experienced 10 
occurrences of a specific Left/Right, Near/Far combination, adding up to 200 samples of 
possible visual attentive choices for each combination. 

H1, that the diagonal shape and position of the gun graphic cues and directs visual 
attention within the screen, preceding and/or independently of the attentional demands 
of the player’s in-game task(s), is most easily tested using the subset of data in which 
both opponents are either near or far. In this case, evidence for H1 will show preferential 
attention upon either the left or the right opponent, correlated with a specific gun 
position. 

 

Figure 4.  Attention towards the LeftNear  NPC  occurs f = 101 times (50.5 %) and attention towards the 
RightNear  NPC  occurs  f = 97 times  ( 48.5 % ) (N=200).  `No Data´ means  no registered gaze , which occurs 

twice. 

 

Figure 5.  LeftFar NPC has f = 99 (49.5%) and RightFar NPC has f = 99 (49.5%),  `No Data´ has f = 2 (1%) 
(N=200).  

Right Gun Position 
Figure 4 shows the sum of choices for the first opponent looked at when the 

opponents were in the LeftNear and RightNear positions for all encounters. The 
attentional distribution differs by only 2 percent, indicating no significant cuing effect. 
Figure 5 shows the sum of choices for the first opponent looked at when the opponents 
were in the LeftFar and RightFar positions for all encounters. The attentional distribution 
differs by only 1 percent, indicating no significant cuing effect. 
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Left Gun Position 
Figure 6 shows the sum of choices for the first opponent looked at when the 

opponents were in the LeftNear and RightNear positions for all encounters. The 
attentional distribution differs by 19.5 percent, indicating a possible cuing effect in favour 
of the Left opponent. However, this is not in the side of the screen towards which the gun 
graphic is pointing and hence does not provide evidence for H1. 

Figure 7 shows the sum of choices for the first opponent looked at when the 
opponents were in the LeftFar and RightFar positions for all encounters. The attentional 
distribution differs by only 4 percent, indicating no significant cuing effect. 

 

Figure 6.  LeftNear NPC has f = 114 (57%) and RightNear NPC has f = 77 (38.5%),  `No Data´ has f = 9 (4.5%) 
(N=200). 

 

Figure 7.  LeftFar NPC has f = 102 (51%) and RightFar NPC has f = 94 (47%), `No Data´ = 4 (2%) (N=200). 

Conclusion for H1 (diagonal cuing) 
These results for both the left and right gun graphic positions represent the random 

choice case in relation to H1, providing no evidence in favour of H1, suggesting that the 
gun graphic has no effect in cuing visual attention towards the left or right of the screen. 

We have found three possible alternative attention behaviors in relation to H2, the 
most prominent being: gaze is firstly directed upon an opponent prior to shooting that 
opponent. I.e., the player looks at an opponent and then shoots the same opponent. 
Secondly, the player may fire before looking at the target opponent target in the centre 
of their vision. This is labeled “Fire_Look”, for ‘fire then look’. The gaze in these cases 
can be centered on other objects than opponents, such as the PCs own weapon or virtual 
arms and hands. Thirdly, the player may direct their gaze towards one opponent while 
firing at the other NPC opponent. This case is labeled “Dual_Att”, for dual, or divided, 
attention.  
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Frequency 

Valid  

Percent 

Cumulative  

Percent 

Valid LeftNear 93 46,5 46,5 

RightNear 84 42,0 88,5 

Fire_Look 9 4,5 93,0 

Dual_Att 14 7,0 100,0 

Total 200 100,0  

Figure 8.  One out of four combinations showing the gaze distribution for LeftNear and RightNear NPC´s. 

Figure 8 shows statistics for the right gun position for all combat encounters for the 
opponent positions LeftNear and RightNear. It can be seen that this gaze behavior totals 
88.5% under the given conditions. For the other two gaze behaviors, dual attention 
(Dual_Att) has   an overall occurrence of 7%, while Fire_Look has an overall occurrence 
of 4.5%. These figures represent 11.5% of cases where an opponent is not first looked 
upon and then directly shot at.  

RightNear  RightFar 

LeftNear  L:13.5 / R:11.5 L:9.5 / R:7 

LeftFar L:18.5 / R:16.5 L:11.5 / R:10.5 

Figure 9.  Summary of frequency (%) of occurrence of the Fire_Look and Dual_Att behaviors with different 
combinations of opponent positions, where L represents cases for the LeftGunPosition and R represents cases for 

the RightGunPosition . 

The statistics for the occurrence of the Dual_Att and Fire_Look behaviors across all 
combat encounters in all conditions (including both right, R, and left, L, gun positions) 
are summarized in figure 9. Here, the combination LeftFar/RightNear for the 
LeftGunPosition creates the most cases of firing on an opponent before first looking 
directly at that same opponent being shot. 

Figure 10 presents an overall summary for the major behavior, gaze being firstly 
directed upon an opponent prior to shooting that opponent. Again, all encounter 
conditions are shown.  

RightNear  RightFar 

LeftNear  L:86.5 / R:88.5 L: 90.5/ R:93 

LeftFar L:81.5 / R:83.5 L:88.5 / R:89.5 

Figure 10.  Summary of frequency (%) of occurrence of the major gaze behavior (look then shoot)  with different 
combinations of opponent positions, where L represents cases for the LeftGunPosition and R represents cases for 

the RightGunPosition . 
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Conclusion for H2 (look then shoot) 
The overall conclusion is that hypothesis H2, that gaze is firstly directed upon an 

opponent prior to shooting the opponent, appears to be correct in about 88% of initial 
encounters. The remaining 12% represents cases where aiming at the moment of firing 
is achieved by peripheral vision. Aiming in peripheral vision suggests that full visual 
attention is not directed towards the target of firing. This gaze behavior is of particular 
importance, for example, in considering the design of combat systems in which an 
operator can target by gaze. 

H3, that for otherwise equivalent opponents, the closest opponent will be targeted 
first, is most easily tested using the subset of data in which one opponent is near while 
the other opponent is far. In this case, evidence for H3 will show preferential attention 
upon the closest opponent, irrespectively of left or right opponent or the gun positions. 

 

Figure 11.  LeftNear NPC has f =162 (81%) and RightFar NPC has f =38 (19%). `No Data´ = 0 (N=200) 

Right Gun Position 
Figure 11 shows the sum of choices for the first opponent looked at when the 

opponents were in the LeftNear and RightFar positions for all encounters. The attentional 
distribution differs by 62 percent in favor of the nearest opponent, suggesting a 
significant preference for the near opponent.  

 

Figure 12.  LeftFar NPC has f =43 (21,5%) and RightNear NPC has f =156 (78%). `No Data´ = 1 (0.5%) (N=200). 

Figure 12 shows the sum of choices for the first opponent looked at when the 
opponents were in the LeftFar and RightNear positions for all encounters. The attentional 
distribution differs by 56.5 percent in favor of the nearest opponent, suggesting a 
significant preference for the near opponent.  
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Left Gun Position 
Figure 13 shows the sum of choices for the first opponent looked at when the 

opponents were in the LeftNear and RightFar positions for all encounters. The attentional 
distribution differs by 56 percent in favor of the nearest opponent, suggesting a 
significant preference for the near opponent.  

 

Figure 13.  LeftNear has f =155 (77.5%) and “RightFar” has f =43 (21.5%).  `No Data´ = 2 (1%) (N=200). 

Figure 14 shows the sum of choices for the first opponent looked at when the 
opponents were in the LeftFar and RightNear positions for all encounters. The attentional 
distribution differs by 57.5 percent in favor of the nearest opponent, suggesting a 
significant preference for the near opponent. 

These results show strong evidence in favor of hypothesis H3, that in an average of 
77% of cases the closest opponent will be looked at and shot first, irrespectively of the 
left or right opponent or gun graphic position. 

 

Figure 14.  LeftFar NPC has f =48 (24%) and RightNear NPC has f =143 (71.5%). `No Data´ = 9 (4.5%) (N=200). 

Discussion and Conclusion 
 

This experiment has resulted in no evidence in support of hypothesis H1(diagonal 
cuing), hence the graphical representation of the weapon does not appear to be cuing 
visual attention or distracting from the primary aiming point in targeting tasks in 
simulated combat. Hypothesis H2(look then shoot) is supported most of the time, with 
only 12% of firing events being carried out using peripheral vision. Finally, H3(shoot 
closest first), that the closest opponent will be the first one to be shot at, is also strongly 
supported (77% of firing events). 

In general the graphical representation of the weapon, which does not have any 
affordances for firing the weapon (although it does carry relevant state information) does 
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not have a strong role in cuing visual attention. The position of the weapon graphic also 
has no strong discriminating power for determining whether peripheral vision will be used 
or not, or for determining circumstances under which either the nearer or further 
opponent will be targeted first.  A strong conclusion that may be drawn from this is that 
participants could therefore understand the actual functional affordances of the interface 
design, beyond a naïve reading of the weapon graphic as a functional weapon. 

These results do raise the question of what factors account for the 12% of cases that 
do not conform to H2(look then shoot) and the 23% of cases that do not conform to 
H3(shoot closest first). These cases may arise due to specific details of the geometry of 
the encounter, or may arise as stochastic variations in the decision processes of players; 
this can only be answered by conducting further studies using variations of the stimulus 
game. Ongoing analysis will also address whether there is any correlation in these cases 
with other features of players, such as their gameplay experience, play preferences, 
handedness, etc.. Answering these questions may be facilitated by further investigation 
of the data collected by this study, or may require the design of ongoing experimental 
studies. This study is a first step in trying to gain an understanding of how visual 
attention and distribution of gaze function in the task-related environment of procedural 
first-person shooter gameplay functioning as a simulation of close urban combat. The 
study has provided data as a foundation for ongoing schema modeling for combat and 
survival tactics. It also provides a baseline for comparison in ongoing studies with variant 
stimulus designs that may help to provide correlations between design features, gaze 
behavior and decision processes (especially, in this case, decision processes involved in 
combat tactics). 

In training and education we hope that the method used in the study can be used to 
answer many other questions regarding visual attention patterns, how we distribute our 
attentional resources for comprehension and how we operate within 3D visual 
environments in the context of many different situations and tasks. The most important 
contribution of the method from our perspective is to facilitate modeling of informal 
knowledge relating to visual behaviors in order to express that knowledge more precisely 
and formally. The main question in education and training is to see how behaviors in 
relation to fast-paced stimuli are processed and what this constitutes in the development 
and manifestation of visual literacy. 
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In military training contexts, short and long term 
decisions, where survival and security are priori-
tized, are intermixed. Simulation-based training, 
here applied to ground patrols in Afghanistan, can 
provide preparation for mission critical and life 
critical operations prior to exposure to real dan-
ger. Optimising the effectiveness of simulation-
based training raises the need for more detailed 
representations of the competences required, 
both for simulation design and for evaluating sim-
ulation effectiveness. These needs are here con-
sidered in terms of three research questions. 

The first research question asks how objects 
trigger dialogue in observational tasks. Eye gaze 
tracking and recorded dialogue provide a foun-
dation for proposing the cognitive operational 
structures behind how objects and dialogue are 
structured when people work together when col-
laborating in simulation-based training sessions. 
The objects are tracked along with related obser-
vational tasks and the communication between 
people in a team in ground vehicles and in the 
Tactical Operations Centre (TOC).

The second research question asks how the re-
sults of simulation-based training for emergency 
situations can be described and evaluated. 

The last research question asks how debriefing 
and learning create and refine cognitive compre-
hension, the competency developed in a group. 
Low level visual cognition in a tactical environ-
ment is explored using an eye gaze tracking sys-
tem integrated with a simulation environment. 
The integrated system has been evaluated, its 
accuracy characterized, and the system was then 
used to evaluate hypotheses related to visual 
queuing and target selection. 

The research questions are then explored more 
broadly based upon two exploratory field studies 
of simulation-based training sessions held for mili-
tary staff before leaving for ISAF in Afghanistan. 
Study methods here include eye gaze tracking, 
video and audio recording, behavioral observa-
tion and retrospective questions. The field studies 
were conducted at the Swedish Life Guard Regi-
ment sub-departments:  International Training 
Unit(IntUtbE), pre-deployment training for Peace 
support operations, and Swedish Armed Forces 
International Centre (SWEDINT), with their Sim-
ulation, Modeling and Practical Platform.

Based upon data obtained in the field studies, 
cognitive models of decision processes involved 
in operational task performance are developed to 
provide a basis for answering the research ques-
tions. Cognitive modelling begins with the Belief, 
Desire and Intension (BDI) model. This model is 
then modified in several steps to cover different 
levels of decision making revealed by the field 
studies, including an intrapersonal and organiza-
tional layer, an educational layer, a layer where 
objects are build into the algorithm as a basis for 
purposive behavior, and finally a team competency 
layer built largely during debriefing sessions.  

These models can be used to evaluate simu-
lation-based training effectiveness, to provide 
feedback both in real time and retrospectively 
to trainees and teams, and potentially could be 
used in operational systems to provide real-time 
information about individual and group state dur-
ing operations, for decision enhancement, and 
potentially as elements of the implementation of 
automated operational forces. 
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