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Preface 
 
Evolva has been a three year research and development project at the Swedish Defence Research 
Agency (FOI), funded by the Swedish Armed Forces. The project has been a part of FoT area 4, 
C4ISR, and was initiated in January 2003 and ended in December 2005. The total budget has been 
ten million Swedish kronor. The ambition has been to develop knowledge on tools and procedures 
for development and evaluations of command and control systems. Thus, the focus of the project 
has been on methodological issues rather than generating knowledge on domains associated with 
command and control such as situation awareness or decision making. 
 
We have employed an interdisciplinary approach with diverse competences, such as behavioral 
sciences, and technology and military operational analysis, to achieve the objectives of the project. 
Personnel from three departments at two of FOI’s divisions (Command and Control Systems and 
Defence Analysis) have participated. The following people have been members of the project 
group: Per Wikberg (project manager), Pär-Anders Albinsson, Dennis Andersson, Torbjörn 
Danielsson, Mattias Johansson, Helena Holmström, Mirko Thorstensson, and Maria Elena Wulff. In 
addition, Johan Stjernberger, Mia Löw, Liselotte Dahlén, and Malin Östensson also have been 
members of the project team part of the time. 
 
In total, the project has arranged and/or participated in twelve experimentation studies. Besides this 
report, a total of fifteen scientific references have been produced by the project, three are FOI-
reports and the rest are international publications. In addition, five memos and one article in FOI’s 
magazine “Framsyn” have been published. Another product of the project is a university course on 
research methods, tailored for officers working in development projects. The first batch of students 
completed the course in June 2005. Parts of the work of Evolva are also in included in a licentiate 
thesis (Albinsson, 2004) which was presented at Linköping University in December 2004. 
 
We would like to thank the following people and organizations, for contributing to Evolva’s work: 
Bo Strangert and Jonas Wikman at the Communication Research Unit at Umeå University, Johan 
Lundin at the Swedish National Defence College, members of the Swedish Armed Forces’ 
programs LedSystM and LedSystP, the staff at the Swedish NBC Defence Centre and Norrland’s 
Dragoon Regiment K4, and The Singapore Armed Forces Centre for Military Experimentation. 
 
 
 
Per Wikberg 
Project Manager 
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1 Introduction 
 

1.1 Background 
 
Experimentation (Alberts & Hayes, 2002) is an important feature of the Swedish Armed Forces’ 
transformation from being invasion focused to a flexible network-based defense founded on battle 
groups with an enhanced capability to participate in international operations (Swedish Defense 
Forces, 2002, 2005). Demonstrations and tests of new technology and methods are used to resolve 
uncertainties, test technical (and financial) feasibility, and illustrate alternative courses of action. 
The results are analyzed and assessed through study activities before deciding on continued 
development activities. 
 
The transformation process was launched in 2002 with a number of interrelated programs controlled 
by the Armed Forces Head Quarter. The technological implementation process is lead by the 
Swedish Defence Material Administration (FMV) in the program ‘LedSystT’. Another important 
sub-program in the process is ‘LedsystM’, affiliated to the joint Forces Command (OPIL), which is 
responsible of development of command and control (C2) methods. ‘LedSystP’, is the third major 
sub-program aiming at developing the human resource management in integration with the 
development towards network-based defense. The first phase of this transformation process will end 
in 2006.  
 
Evolva has been carried out between 2003 and 2005. Consequently, the LedSyst program has had a 
strong influence on our work. The ambition of this project has been to develop knowledge on tools 
and procedures to support this and forthcoming experimentation processes. The project has had an 
inter-disciplinary constitution with a mix of competences from behavioral science, engineering, and 
military-operation analysis. 
 
 
1.2 The need of experimentation 
 
As Alberts & Hayes notes, experimentation is an area of emerging competence rather than an area 
with a well-developed theoretical foundation and a mature practice. Is there any real need of 
developing such competence? Is not the “traditional way” of learning by doing in exercises without 
having a “scientific approach” good enough?  
 
Historically, investments in military systems have often been of long term nature and thus research 
and system development had a perspective of decades in advance. Competence on implemented 
systems developed over time based on officers specializing on these systems and developing routine 
procedures. However, the last decades have shown that the lifecycle of systems tend to be 
drastically shortened. Such an example is the digital command and control systems developed and 
used by the different armed services during the nineties. Many of these systems are optimized for a 
cold war scenario with Sweden acting as a neutral state with a limited need of systems compatible 
with other nations C2-systems. Today the development focuses on a common system for all the 
services of the Armed Forces where Sweden acts as one of many nations in joint international 
operations. The consequence of this is that even though the systems are relatively newly developed 
and implemented, they can only be re-used partially. 
 
We argue that the new defense implies a move away from the traditional static structures and 
towards a situation were constant change is the normal state. During the three years this project was 
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undertaken, the transformation process of the Swedish Defence Forces has changed focus. Instead 
of developing “demonstrators” in order to enhance strategic recapture of defense ability, the focus 
has changed to an ambition of combat ready battle groups for international operations. Rapid 
changes in tactics, tasks, technology, and organization create a demand of an enhanced ability to 
develop technical and organizational solutions. Consequently, competence can not just be based on 
routine. The only way to adapt to change is to try out solutions to handle these changes. 
Competence on change, the core of experimentation, will be a crucial factor in the process of 
establishing and maintaining these combat ready battle groups. Research and development must 
become a more integrated and natural part of the Defence Forces every day activities.  
 
Developing competence on experimentation is thus of central importance. The narrowed time for 
experimentation on new solutions accentuate the Albert & Hayes (2002) notion that “The single 
most important consideration for those responsible for experimentation design, whether single 
experiments or campaigns, is to ensure current expertise is available to support the plan. Almost 
without exception, this will mean doctoral level (Ph.D.) training and a decade or more of 
experience in actually designing and conducting experiments. (…) “Bad experiments, which cloak 
weak or false knowledge in an aura of science, will make mischief, not music. At a minimum they 
will slow the process of understanding the impact of innovation on transformation (by forcing other 
research and experimentation to learn and demonstrate that they are wrong) and cost money (by 
encouraging investments that will not pay off as expected). At a maximum, bad experiments will 
lead to flawed mission capability packages (MCPs) that fail in the field”. (Albert & Hayes, 2002 pp 
6-9). 
 

1.3 The aim and scope of the project and this report 
 
The overall objective of the project was to “produce long-term knowledge about development and 
evaluation methodology, serving to improve the command and control system of the armed forces, 
considering operational and technical as well as economical requirements.” 
 
The two major aims of the project have been: 
 

• To generate a well documented body of research by publishing results from the studies on 
methods conducted in the project. The purpose has been quality assurance of tools and 
procedures. 

• To create a training and education package on research methods for officers working in 
development projects. The purpose has been to make it possible to transfer knowledge about 
research methods to individuals responsible for experimentation in the defense forces. 

 
Consequently, the scope has not been to accumulate knowledge on certain domains of command 
and control such as decision making or situation awareness. Again, this project has been a project 
on research methodology. However, as the project aims at developing test methodology, it has been 
found advisable to vary the problem formulations between tests. Problems studied include access to 
real-time information, automated sensor-information processing, delegation of command and 
control responsibility, and comparison of different ways to present a situational picture.   
 
The aim of this report is to serve as a position paper describing our approach to experimentation in 
order to facilitate future cooperation on experimentation. The text is intended to give individuals 
engaged in other experimentation enterprises an outline of our theoretical and practical point of 
departure to tackle military experimentation. Consequently, the report is not a handbook on 
scientific method. 
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1.4 Practical considerations 
 
The core activity has been to gain practical experience on experimentation. Therefore, a relatively 
large number of studies have been undertaken. To accomplish this, it has been necessary to seek 
cooperation with other projects and organizations. Pooling of resources has allowed us to carry out 
more studies. As a consequence, the role of the project has varied between different studies. 
However, a common feature of all studies has been an explicit aim to explore the areas of work 
defined for the project: 
 

• Modeling of experimental design. 
• Test environment. 
• Data collection. 
• Feedback of results.   

 
The cooperating projects have normally had another purpose with the studies. A disadvantage with 
this circumstance has been that we have not been able to conduct a coherent experimental campaign 
(Alberts & Hays, 2002, 2005). 
 

1.5 Cooperation  
 
Over time, the project has cooperated with a wide range of projects and organizations:  
 
LedSystM, which is responsible for development of command and control (C2) methods, has been a 
valuable client for our work. As a part of the demonstrator program, we have been able to test some 
of our ideas on research methodology in a series of experiments on command and control methods- 
and principles; 
 
LedSystP has been the project that made it possible to initiate the course on research methods which 
was one of the aims of our project; 
 
the Swedish Army’s Ranger Battalion, former Norrlands Dragoon Regiment, has given us 
opportunities to use real units in order to evaluate the possibility to use commercial software as low 
cost simulators as test environment; 
 
the Swedish NBC Defence Centre in an experiment with the national NBC task force; 
 
the Singapore Armed Forces’ Centre for Military Experimentation together with the 8th Singapore 
Armour Brigade (8 SAB), 40th Battalion of the Singapore Armour Regiment (40 SAR), and the 
Singapore Armed Forces’ TRADOC in an experiment prepared and conducted in the winter of 
2005; 
 
the Swedish War College. Cooperation during the Singapore experiment, experimentation in the 
command and control laboratory and participation in workshops and in seminars; 
 
finally, several projects conducted at FOI: MARULK, GRU, LINK, KoLäge, NBC Demo, 
Commercial game technology for distributed learning and FoRMA. These projects have worked on 
issues related to the Armed Forces transformation process. More information is available on FOI’s 
website, www.foi.se.  
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1.6 Project activities 
 
Twelve different experiments have been undertaken, most of them in cooperation with other 
projects and organizations. 
  
A university course on research methods tailored for officers working in development projects have 
been initiated and carried out. A second course is planned for 2006.  
 
Two workshops and three seminars have been conducted during the project. 
 
Besides this report a total of 14 scientific references have been produced by the project. Three of 
these are FOI-reports and the rest are international publications. In addition, five memos and one 
article in FOI’s magazine “Framsyn” have been published. A list of the projects publications is 
included in chapter 2. 
 

1.7 Comment to the reader 
 
This is a report to summarize three years of work on developing procedures for experimentation. 
Consequently, the report is a position paper describing our approach in order to facilitate future 
cooperation on experimentation. Our intended reader is an individual with knowledge or interest in 
scientific methods and its application to experimentation. To make our approach explicit for our 
intended reader, we have briefly described our theoretical perspective in each section. To illustrate 
our practical application of the theoretical principles, a number of cases are included in the report. 
Readers more interested in practical application might focus on these sections. 
 
This report is not a handbook on scientific method. For that purpose, we recommend Strangert 
2005, written in Swedish, or Graziano & Raulin (2004). For project managers who need a guide to 
the rationale of experimentation in a military context, we recommend Alberts & Hayes books on 
experimentation (2002) and experimental campaigns (2005). 
         
Chapter 2 of this report is an account on the two major goals of this project, a well documented 
research base, and a course on research method. Chapter 3 is a brief description of the 
methodological approach we recommend. The following four chapters present and discuss the four 
different areas of work identified for the project. A discussion in the final chapter concludes the 
report. 
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2 Project goals 
 
The two major goals of the project have been: 
 

• to create an education package on research methods for officers working in development 
projects; 

• to generate a well documented body of research by publishing results from the studies on 
methods conducted in the project.  

 

2.1 Education package 
 
How should results from experimentation be brought back to the clients? This is an important issue 
for all research projects. A basic idea of commissioned research is that the results should be 
delivered in a way that enables the clients to put the recommendations to work in a practical sense. 
 
Our assumption was that this meant turning the results and experiences from our own research into 
an education package including theory and instructions for evaluation of command and control in 
real tasks and missions, exercises, demonstrations, and experimental studies. The target group was 
officers working in development projects within the Swedish Armed Forces. The aim was to create 
not only a ‘handbook of methodology’, but also to develop and customize practical and pedagogical 
principles. The reason was that, in order for a student to make real use of the knowledge acquired in 
such a course, the knowledge has to be concrete and practical. The people doing the hands-on work 
in military development projects need to understand, as well as be able to apply, the principles 
behind concepts like validity, reliability, measurement, etc. Such capabilities are necessary for 
carrying out and understanding qualified experimental and developmental work, and for 
communicating needs and results to the assigners. 
 
During 2004-2005, Evolva, in collaboration with the Communication Research Unit at Umeå 
University, arranged a ‘trial run’ for a one-year distance education course on research methods. The 
course was partly commissioned and funded by the Swedish Armed Forces human resource 
development program LedSystP. Eight officers participated in this trial run. During the academic 
year 2005-2006, the ambition is to admit twelve students. 
 
The goals of the course were to: 

• develop personal skills and methodological competence to carry out experimentation in 
development projects; 

• contribute to quality assurance of the studies carried out by the students; 
• establish general and sustainable competence about validation and verification of results. 

 
The course was divided into two parts: “Scientific procedures in the design of development 
projects” and “Research methods in a naturalistic context”. During the course, basic concepts and 
principles of research methodology were covered. The concept of the education package was based 
on the idea that each participant had their own real study assignment (i.e. a development task or 
project which was a part of their regular work), to which they could apply the methodological 
concepts and principles that were taught on the course. The course required an average of eight 
hours work per week for one year. On completion the students were given ten university credit 
points.  
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The course outline was based on personal supervision throughout the development project. 
Supervision was given using a web based educational platform and regular meetings. The students’ 
examination included planning, conducting, and documenting their respective experimental studies, 
as well as presenting their work in a poster session and a written report. 
Combining and integrating practical development projects and education make it possible to 
achieve good results at a relatively low cost. It also does not require the students to spend much 
time away from their regular work. In order to achieve this synergy, it is very important that the 
experimentation activities performed as a part of the course are relevant to the students’ real 
development tasks in their regular work. Another significant and positive effect of this integrating 
approach is that the development projects, in which the students carried out their studies, are 
provided with extra competence through the supervision on research design and methodology. 
 
A more thorough documentation of the course, along with an evaluation of the trial run of the 
course, is found in Wikberg, Strangert, & Danielsson (2005a & 2005b). For the compendium on 
research methodology which was produced and used on the course, see Strangert (2005). Both these 
publications are in Swedish. Besides the compendium, the folowing references were used at the 
course: 
 
Alberts, D., & Hayes, R. (2002). Codes of best practice for experimentation. The Command and 

Control Research Program, USA: CCRP publication series. 
 
Alberts, D., & Hayes, R. (2005). Campaigns of Experimentation: Pathways to Innovation and 

Transformation. The Command and Control Research Program, USA: CCRP publication 
series. 

 
Graziano, A. M., & Raulin, M. L. (2004). Research methods. A process of inquiry. 3rd ed. New 

York: Longman. 
 
Sandberg, L., & Sandberg, R. (2002). Elementär statistik. Stockholm: Studentlitteratur. 
 
Silverman, D. (2001). Interpreting qualitative data. Methods for analyzing talk, text and 

interaction. 2nd ed. London: Sage. 
 

2.2 Documented body of research 
 
Generally, the studies that Evolva has arranged and/or participated in have had multiple aims. One 
aim has always been to satisfy the client’s needs, in terms of exploring the identified problem area 
and presenting results related to the research questions. Another aim, which is the one that the 
project has focused on, has been the methodological problems of conducting experimentation. 
Examples of such problems are: “How should feedback of the results be given to the clients?”; 
“What are the conditions for using virtual computer game settings for command and control 
research purposes?”; and “How do people with different roles and backgrounds interact in a 
modeling session aiming to create a research design?”. 
 
One of the project’s goals has been to generate a well documented body of research on methods and 
tools for developing military command and control systems. In practice, this has involved an 
ambition to present our results in international publications and at international conferences, in 
order to attain scientific quality assurance. A list of publications is presented in appendix 1.  
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3 Methodological approach 
 

3.1 Background 
 
Considering the high costs of developing military systems, the experimentation process should aim 
at a high degree of scientific rigor and professionalism. The experiment and development process 
— the road from conceptual thinking to implemented practice — is not without its challenges. We 
have addressed some of these challenges in our work, for example:  
 
Vaguely defined research problems. The research problem is often relatively vague and not 
theoretically well developed. The clients’ requirement on a planned experiment is usually described 
on a pragmatic level, such as ”we want to learn more about the service concept” or ”we would like 
to compare push and pull as principles for distribution of information”.  
 
Time pressure and limited resources. Our experience is that the time available for preparing, 
conducting, and documenting an experiment is very limited. In system development, and 
consequently in research supporting development, time is money.   
 
Different demands from the involved parties. The same experiment is often used for several 
different, sometimes conflicting, purposes. Furthermore, the complexity of command and control 
often makes it necessary to involve a cross section of domain competences. Consequently, different 
demands need to be unified in the experimental design. 
 
Our work has focused on developing a ”practice” based on a scientific approach to conduct 
experimentation in the context of the Defence Forces’ progressive development of command and 
control. Such a practice should take into account circumstances such as those listed above and still 
maintaining a scientific rigor. The ambition is to be able to empirically test the organization’s ”best 
guesses” with a limited amount of resources in time, money, training, and technical aids still 
gaining knowledge from experimentation.  
 

3.2 The scientific method 
 
The golden standard of generating knowledge is of course the scientific method. Perhaps one of the 
most basic features of the scientific method is the distinction between two basic processes of 
research; discovery and justification (Reichenbach, 1938). 
 
Discovery refers to the process of coming up with ideas that might be of interest for testing. One 
famous example is the case of Fleming who discovered that bacteria had died in contaminated petri 
dishes. This had most certainly happened before but it was Fleming that realized that it might be of 
significance. Consequently, the hypothesis that the mould, Penicillium Notatum, could kill bacteria 
was tested. Fleming was awarded the 1945 Nobel prize in medicine for this discovery. The 
discovery process is basically a creative process and normally we do not refer to this process when 
we talk about the “scientific method”. However, this generation of hypotheses is of central 
importance for the development of knowledge. Insights, ideas, and assumptions must be formalized 
into hypotheses.  
 
Justification refers to the process of empirically testing the hypotheses formulated in the discovery 
phase. Most people refer to the procedures undertaken in this process when they talk about the 
“scientific method”. The justification process might be viewed as a combination of: 
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1) Rationalism. Rules of scientific reasoning, including the formalized rules of logic and, more or 
less, accepted principles such as the principle of falsification (Popper, 1959); and 
2) Empirism. Rules of which methods are acceptable in order to observe reality. 
 
The mainstream application of these rules is the hypothetical-deductive method as described by 
Hempel (1952, 1965, & 1966) and Popper (1959). This approach is based on formulating and 
testing “best guesses”, or hypotheses, to answers of identified problems. The hypothetical-deductive 
method might be summarized in the following rules (Mårtensson & Nilstun, 1988): 
 
A) The hypothesis H states that a certain condition will have the consequence C. For example, a 
new C2 is assumed to lead to a more efficient use of resources. If an empirical investigation reveals 
that this is not the case then the hypothesis is rejected as false. The conclusion is deductive, as the 
hypothesis is obviously not true in all cases. 
 
B) If an investigation finds that empirical data supports the hypothesis, the hypothesis is tentatively 
accepted as true. The conclusion is only made on a preliminary basis. It might be rejected later as 
the conclusion is inductive. The investigation has only shown that the hypothesis is true in this case. 
 
C) In practice, the hypothesis H is tested in a certain context containing a set of circumstances 
Z1…Zn. If H is rejected, the cause might be found among the set of Z.       
 
The scientific process is thus a process where ideas are formulated as hypotheses which then are 
tested empirically. Ideally, “good ideas” will be accepted while “bad ideas” and false assumptions 
will be rejected. The general conception is, however, that one single test is normally not enough to 
accept a hypothesis. Replication is a basic feature of science (Gratziano & Raulin, 1996). The 
hypothesis needs to be tested in different conditions, with different methods and by different 
researchers. As evidence accumulates the hypothesis will be accepted as being in accordance with 
the truth.  
 
It must be mentioned that there are well established approaches to science which differs from the 
traditional approach described above. A discussion on this matter is, however, beyond the scope of 
this report.  
 
The starting point to our work has been the mainstream application to science described above. The 
organizations’ ”best guesses” about what they think would be proper solutions on identified 
problems should be empirically tested or as Staw (1983) puts it ”… experimentally undertake the 
seemingly best course of action” (p. 426). Such an approach means a strive towards an 
“experimenting organization” (Campbell, 1969, 1974; Staw, 1983).  
 

3.3 Military experimentation 
 
As mentioned in section 3.1 hypotheses are tested in a certain context containing a set of 
circumstances which might affect the result. Military experimentation is normally conducted in a 
much more complex setting compared to the settings used in traditional laboratory experiments. We 
argue that there are basically two research traditions that might be applicable in evaluating and 
changing complex systems and behaviors in a natural context. Both traditions, multi-factor case 
studies and action research, take advantage of natural variance and uncertainty instead of reducing 
or excluding it (Strangert, 2005).  
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Case studies. Multi-factor case studies assume that the studied system, irrespective of its 
complexity, has a reasonably simple structure which is possible to study and evaluate. Instead of 
using the “randomized assignment to treatments” and “laboratory control” models as research 
design, phenomena are studied in their real context. Measurement normally involves an array of 
different variables, thus using these as a set of indicators of the behavior of the phenomena in the 
studied context. As replication of studies might be a problem, generalization of findings is based on 
theoretical considerations (Yin, 1984, 1993). Examples of organizational development using case 
studies come from law, business, medicine, and public policy (Llewellyn, 1948; Stein, 1952; Towl, 
1969, Windsor & Greanias, 1983). In a practical sense, case studies might be appropriate when 
different solutions are contrasted to each other such as comparing two command and control 
systems.  A more thorough discussion and analysis of different action research programs is found in 
Yin (1984, 1993). An example of a case study conducted in Evolva is presented in Wikberg, 
Andersson, Berggren, Hedström, Lindoff, Rencrantz, Thorstensson, and Holmström (2004). The 
case study is also described in section 5.4.2 as case 5b.  
 
Action Research. Action research is similar to experiments as it tries to manipulate the studied 
system based on theoretical considerations. In the 1940’s, a tradition of research evolved which 
tried to solve real organizational problems and improve conditions by using carefully designed 
programs and interventions. Lewin (1952) described organizations as dynamic systems only 
possible to understand by using interventions; “if you want to study an organization try to change 
it”. Lewin also stressed the importance of having a model, ideally with predictive power, of how the 
system works; “there is nothing as practical as a good theory”. Without a model the intervention 
would be a random process, neither efficient nor ethical. The ‘action-research model’ is an iterative 
sequence of actions: theorizing, intervening, gathering data on the effects of the intervention, and 
then checking the theory prior to the next intervention. Whether or not the predicted consequences 
occur becomes a test of the initial theory. Other researchers have also influenced this school of 
‘planned change’; Edgar Schein and Chris Argyris are perhaps the most well known. Examples of 
organizational development using action research as a cornerstone can be found in the mining 
industry (Gavin, 1984), health care (Shani & Eberhardt, 1987), or banking (Santalainen & Hunt, 
1988). Action research might be appropriate in the successive development of a single solution; for 
example a new command and control process. A more thorough discussion and analysis of different 
action research programs is found in Weisbord (1987) or in French & Bell (1999). An example of a 
study based on an action-research approach is presented in section 7.4.1 as case 7a. 
 
Undeniably, there are great similarities between the approaches, a series of case studies might be 
considered as an action-research approach and theoretical considerations are of course also 
important in action research. Both traditions allows for an experimental as well as an observational 
method. Our main point is that these two research traditions have addressed the theoretical and 
practical problems present in military experimentation. As the studies undertaken in the project 
have all comprised relatively complex sets of factors and circumstances, we have generally relied 
on these two research traditions. We will not expound the theoretical framework of these 
approaches further in this report. Instead we refer to the suggested references for further studies for 
those who might be interested.  
 

3.4 The focus of the project 
 
As mentioned, our work has focused on developing a ”practice” for experiment and development - the road 
from conceptual thinking to implemented practice – based on the scientific procedure described above. 
Much of the scientific process is theoretically and practically well developed and has not been the subject of 
our work. For example, methods of data analysis are already a well developed domain and different 
command and control measures are explored in other projects. Instead, we have limited our work to 
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some aspects of the scientific procedure which we considered to be less well developed for 
experimentation on command and control:  

• Modeling of experimental design. 
• Test environment.  
• Data collection. 
• Feed back of results.  
 

3.4.1 Modeling of experimental design 
 
As mentioned in section 3.2, it is important to make assumptions and basic facts explicit before any 
empirical investigation. This ”problem analysis” corresponds to the ”discovery” phase of scientific 
investigation. In terms of the scientific method, this means to formalize these assumptions as hypotheses 
(or “best guesses”) possible to test empirically.  
 
The traditional way to undertake this problem analysis in science is by studying relevant literature 
on the subject. However, this approach effectively excludes the clients from the problem analysis. It 
is the clients’ “best guesses” that should be tested and not the analysts’. In many cases there are also 
a lack of relevant research on command and control, especially if the problem is interdisciplinary. 
Finally, the literature-based problem analysis is time consuming. We argue that relevant literature 
should support, not be the core of, the problem analysis. We suggest an approach for problem 
analysis based on modeling where the relevant clients and domain competences are engaged. Our 
theoretical approach and experience of modeling of experimental design is presented in chapter 4.   
   

3.4.2 Test environments 
 
Every empirical investigation has to be undertaken in some context, i.e. a test environment. 
Choosing test environments when developing new command and control systems is an important 
issue. One basic feature of tests and experiments is to gain control of variables and factors by 
excluding, as far as possible, external influences outside the scope of the experiment. However, 
when developing new organizational solutions, it is often necessary to conduct experimentation in 
as real a setting as possible, making it impossible to control extraneous variables. We have 
especially explored the possibilities to use complements to laboratory experiments and exercises as 
test environments. In chapter 4, we present our theoretical approach and experience to balance the 
contradictory demands on realism and control of the test environment. 
 

3.4.3 Data collection 
 
Many methods for data collections are not applicable in applied commissioned research. For 
example, the time factor of analyzing video recordings is in between 10 to 1000, i.e. one hour of 
video takes between 10 to 1000 hours to administrate and analyze. We have tried to make data 
collection in a setting of distributed command and control systems as efficient as possible by using 
different technical solutions. To achieve this we have used MIND, which is briefly described in 
section 3.5, as a framework. Our theoretical approach and experience of data collection is presented 
in chapter 6. 
 

 16



 

3.4.4 Feedback of results 
 
One challenge is how empirical findings from tests and experiments should be managed and used. 
The normal procedure within science to present results from experiments is to write reports. That 
procedure is quite time consuming and is thus often too slow to keep pace with the development 
process. Considering that decisions on how to proceed with a development project often need to be 
taken within a shorter time span, it must be possible to deliver the analysis of a test much quicker 
and more efficient.  
 
A related challenge is to have those who “own the problem”, clients, engaged in the process of 
experimentation. Presumably, the active engagement in the process of designing, conducting, and 
documenting tests and experiments is the most efficient way to establish a relevant feedback of 
results. In chapter 7, we present our theoretical approach and experience of feed back of results 
from experimentation. 
 

3.5 The technical approach 
 
In our work we have used and developed a set of methods and tools, denominated the MIND system 
in order to make experimentation more efficient. MIND is a framework for computer supported 
reconstruction and exploration of distributed courses of events. The MIND framework was 
originally developed to support training, but in the scope of this project and some related projects 
MIND has been adapted and used to support feedback in an experimentation context.  
 
The system supports data collection from a large amount of data sources. The captured dataset can 
then be explored through operations such as navigation, exploration, filtering, and synchronization. 
The MIND framework also provides data-presentation views that aim to make the data as 
informative as possible, considering the goals of the analyses. It is possible to synchronize and 
connect all data to a timeline. The key feature of the MIND framework is the ability to build 
replayable computer models of courses of events.  
 
Figure 3:1. gives an example of how data from different sources can be processed and presented 
using MIND. The visualization shows the flow of events (unit movements and positions on 
geographical maps), snapshots of certain interesting events or actions (annotated photographs, 
videos, and textual observations), and communication (from radio networks or computerized 
communication systems). The visualization serves as a basis for exploration of the chain of events 
and thus the replayable model can serve as a documentation of the exercise.  
 

 
 

Figure 3:1. A multimedia representation of a distributed 
tactical helicopter operation presented in the MIND framework. 
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Traditionally, the MIND framework has focused on presenting and managing ‘objective’ process 
data. Supporting feedback of experimentation also necessitates the use of subjective data, such as 
participant questionnaires and retrospective interviews, and the possibility to connect these data to 
the MIND mission history. Therefore, we have tried widening the MIND framework to more 
efficiently incorporate subjective measures. Another issue has been to develop procedures to 
support hypothesis-driven experimentation. 
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4 Modeling as a tool to define evaluation measures 
 

4.1 Background.  
 
As we have argued in chapter 3, the initial modeling of the system to be studied is a crucial task in 
empirical evaluations. Development of complex systems should follow the same principle as 
science. Ideas and assumptions underlying efforts of changes of organizations and systems should 
be made explicit and tested empirically as early as possible in a developmental cycle. The 
alternative, that changes in an organizational system will be based on trial and error or collection of 
anecdotes, is of course possible but progress will be unsure, inefficient and relatively slow (Alberts 
& Hayes, 2005).  
 
Normally modeling is referred to as a methodological tool which is used to structure phenomenon 
for a specific purpose. Thus, modeling can be used for an initial problem analysis. The procedure 
consist of some sort of group interview were the discussion is summarized by a graphical 
representation, a model with notations.  One key issue is that it often required that clients, i.e. the 
“owners” of the problem, and domain experts are involved in the modeling process.   
 
Modeling can thereby be said to have the purpose to give an initial outline of a certain problem area 
in order to create a foundation for the development of theories, structure variable values in order to 
construct simulations, be a part of the design process, be a problem identifying process etc.   
 
In this context we have had the perspective that the purpose of the modeling is to explicitly translate 
the client’s assumptions of and approach to the problem into problem statements and hypotheses. 
An example of client’s is those responsible for the development of new command and control 
systems. The core in our modeling approach is that the modeling should produce a base for data 
collection about the stated problem i.e. it should include a definition concerning how the measure 
should be conducted. The result from this problem analysis, or modeling, represents the definition 
of the research design.  
 
Methodological procedures includes extracting ideas from different kind of experts and users of a 
system and formalize these into a hypothetical model, in order to relatively fast be able to 
empirically test ideas and assumptions of importance for a developmental project. Seen in the 
context of science the use of modeling corresponds to the discovery phase.    
 

4.2 Models as representations of empirical processes.  
 
Modeling is the construction of a model, based on data from the systems analysis. There are several 
definitions of the term ‘systems analysis’, but a definition usually involves some kind of procedure 
(more or less formal) for collecting and organizing data about an empirical phenomenon. There is a 
variety of systems analysis techniques and approaches such as ‘task analysis’ (Annett et al., 1971; 
Drury et al., 1987), ‘job analysis’ (Harvey, 1991), ‘content analysis’ (Kolbe, 1991; Weber, 1990), 
‘action analysis’ (Singleton, 1979), and ‘cognitive systems engineering’ (Hollnagel & Woods, 
1983; Rasmussen, Pejtersen & Goodstein, 1994). Despite the fact that these techniques differ 
somewhat when it comes to perspectives and procedures, they are rather similar. They are related to 
a scientific style of analytically approaching a certain phenomenon, in order to treat or analyze 
reality as a systematically connected set of elements (Gasparski, 1991).  
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The following section is a brief summary of some theoretical bases of modeling. Readers primarily 
interested in practical applications of modeling of experiment design could move on to section 4.3. 
A basic prerequisite for using modeling to define design of empirical tests is that the resulting 
models are valid representations of reality. Krantz, Luce, Suppes and Tversky (1971) specify the 
necessary conditions for representing empirical systems in a scientific sense with a numerical 
measurement model through two theorems: 1. The representation theorem. 2. The uniqueness 
theorem. 
 

4.2.1 The representation theorem.  
 
If a specific structure of relations in an empirical system is measurable it is possible to make a 
homomorphic reproduction of that empirical system into a formal and numerical system (Figure 
4:1). 
 

a 
b 
c 

1

2

Empirical set: 
 Numerical set:

d 

 
 
Figure 4:1. Illustration of the representation theorem. The two empirical 
objects ‘a’ and ‘b’ are represented by the formal and numerical entity 
‘1’.  

 
Several different specific empirical objects can be represented according to the theorem by one 
single numerical value or class. Several different objects can thus be devoted a summarizing 
variable value or category in order to express a certain quality which the different terms are judged 
to have in common. For example, a large number of individuals may be categorized into a fewer 
number of categories, for example ‘expert’ and ‘non-expert’. Consequently, a large empirical 
variety of relations and qualities may be reduced to a much simpler model with only a few 
variables. 
 
It is possible to represent reality in a number of ways. A military unit can be represented 
numerically according to several principles; level of protection, level of training, command 
structure, etc. Thus, representing the empirical objects is not enough. 
 

4.2.2 The uniqueness theorem.  
 
The representation theorem calls for the relational structure in a chosen representation system to 
correspond to the relational structure in the empirical system. This puts a limit to the possible 
transformations between different representation models.  If the empirical relation ‘R’ in Figure 4 
implies that ‘b’ is twice the size of ‘a’ this means that only the numerical relation ‘r’ can represent 
this while relation ‘f’ is less suitable. If the empirical relation ‘R’ only implies that ‘b’ is of greater 
size than ‘a’, then it is possible to use both relation ‘r’ and ‘f’ according to the same reasoning. The 
uniqueness theorem therefore states that every empirical relation has a certain degree of uniqueness 
in permitted ways of representation in a numerical model.  
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Figure 4:2. Illustration of the uniqueness theorem. 
 
The two theorems are part of measurement theory and numerical representation, but the same 
reasoning is also relevant for other forms of representation (Wikberg, 1997). Thus, it is also 
possible to map empirical relational structures into formal qualitative relational structures. For 
example, any ethnic language can be seen as a natural representation system to represent thoughts, 
happenings, processes, etc. The language as a representation system has different objects (words) 
and rules for relations (grammar) which are intended to represent and describe reality. The ethnic 
language can be translated to other ethnical languages as well as to formal predicate logic. If the 
empirical relation has a high degree of uniqueness, the number of possible transformations 
decreases. Based on this assumption, the distinction between quantitative and qualitative research is 
somewhat blurred as any given reality can be represented by a large or even infinitive number of 
models (Silverman, 2001).   
 
As a consequence of the theorems above the model must be empirically specified to enable 
empirical evaluation, i.e. there has to be a definition of the set of empirical elements and the 
relations between them that corresponds to the model’s conceptual terms. Consider the example of a 
causal model (where A causes B) as shown in figure 4:3.  
 

 Conceptual 
terms  

 
 
 
 
 
 
 

Figure 4:3. Example of a causal model 
 
In order to measure and evaluate this model (figure 4:3), the following conditions have to be met 
(Wikberg, 1997):  
 

 There must be a set of elements, conceptual terms, explicitly defined: 
(1) A is defined as 'A' . For example Commander is defined as ‘the individual responsible of 
the operation’. 
(2) B is defined as 'B' 

 
 There must be a set of defined formal rules for relations between the elements which 

determine the possible combinations: 
A affects B (i.e. A is the most significant factor, of several other possible factors, affecting 
B) 
  

B

a b

A 

Empirical 
manifestations 
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 There must be a set of defined empirical elements and relations corresponding to the model: 
(1) ‘a’ is an empirical manifestation of 'A' (i.e. ‘a’ is the best, or most suitable, measure of 
'A' within the context of the model) 
(2) ‘b’ is an empirical manifestation of 'B' (i.e. ‘b’ is the best, or most suitable, measure of 
'B' within the context of the model) 

 
The example in figure 4:3 is a causal model. Other kinds of relations, such as mean-end or order, 
are of course possible.   
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4.3 Our approach of using modeling to define test design.  
 
In our approach to use modeling of test design we have normally used two major types of models. 
The first type is a business model which describes the organization, technology or process to be 
used as a framework for the experimentation. The second type is a measurement model which 
defines the relevant factors to be measured, i.e. an operational definition of the actual research 
question.  
 

4.3.1 Business modeling 
 
The business model is intended to give an outline of participants and systems included in the 
experimentation, the relation between them and the systems input and output. As shown in figure 
4.3 it is of central importance that the manifestations, operationalisation, of the models elements are 
defined.   
 
The main purpose is to specify the context in which the experimentation is conducted. The example 
illustrated in figure 4:4 can, despite that the underlying process might be extremely complex, give a 
fairly simple outline of the structure of the overall process.    
 
 

Decision support 
system

Commander Communication 
system

UnitModel elements:

DS-system 
simulated by 

mock-up

Lieutenant
from ranger

unit

Ordinary 
Communication 

system

Task force
unit of  

conscripts

Model
manifestations:

 
 

Figure 4:4.  An example of a business model 
 
Suppose that the model in figure 4.4 has been defined to describe the fundamental activities in using 
a new decision support system. An experiment derived from the model in figure 4.4 should at least 
consist of a commander, a decision support system, a communication system and a task force unit. 
The business model thus becomes a communicative aid when the experimental situation is created. 
The decision support system, indicated in figure 4:4, might be in an early stage of a developmental 
project. When this is the case it might be necessary to create a simulated system by using some sort 
of mock-up, for example paper models of user interface, physical mock-ups of equipment or more 
advanced computer based simulations.  
 
Preferably, the test environment should as much as possible be represented by real systems and real 
personnel. In the case illustrated in figure 4:4, the communication system can be the one used on a 
day to day basis and the task force unit might consist of conscripts. As commander, the use of one 
whom might use the system in the future might be preferable. An experimental situation might of 
course include other essential aspects not described in the model, for example a tactical situation or 
a staff supporting the commander. However, in this particular case this was not considered as 
important for experimentation. What to include in the business model, and thereby in the 
experimentation or simulation, is practically more or less arbitrary. A more thorough discussion on 
test environments is found in chapter 5. 
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4.3.2 Measurement modeling 
 
A business model is normally not sufficient as foundation to specify experimental design.  For 
example, a study on command and control might focus on the expected improvement of 
organizational performance caused by the introduction of a new decision support system. 
Presumably, it is possible to regard these more or less explicitly stated expectations as hypotheses. 
What is the client’s “best guess” of what will happen?   
 
To formalize these expectations, a measurement model must be defined.  In the measurement 
model, relevant factors of the actual research question are defined. The purpose of this model is to 
define hypotheses and/or research questions. As in the case of the business model it is essential that 
the manifestation, operationalisation, of the elements of the model is defined. The definition of how 
the elements in the model are made manifest constitutes the basis for the construction of 
instruments of measurement. The measurement model is basically a hypothesis tree with a number 
of generic elements (Figure 4:5).    
 

Independent variable
(X)

Confounding variable
(Z)

Intervening variable
(I)

Dependent variable
(Y)

Main hypothesis: If (X) then (Y)

Explanatory hypothesis 1: If (X) then (I)

Explanatory hypothesis 1: If (I) then (Y)

 
Independent variable (X). The independent variable is the variable or factor whose levels are selected in order to 
determine the effect of that variable on a dependent variable(s). Note that variable doesn’t necessarily mean a 
quantitative variable such as hours of sleep fatigue. It is possible to have different organizational or technological 
solutions compared. One typical independent variable is a ”new” work method compared with an ”old”.  
 
Dependent variable (Y). The dependent variable is the particular measures used to reflect the effect(s) of the 
independent variable. Which differences on performance will the “new” organizational or technological solution 
impose? As a result of the variation between conditions the dependent variables and are expected to vary.  
 
Confounding variable (Z). It is normally not possible to create to exactly equivalent conditions in all aspects in 
experimentation. Any variable other than the independent variable that might affect the dependent variable and 
consequently confound the result must be controlled by being eliminated, minimized, held constant, explicitly 
randomized or by using statistical control.   
 
Intervening variable (I). A reasonable assumption is that several processes might be of importance between the stimuli 
and response. Intervening variables reflects a hypothesized process to explain the relations between antecedent 
conditions (i.e. independent variable) and consequence events (i.e. dependent variables). (conditions and system 
outcome). A number of intervening variables might help explain why differences in effects between conditions occur.  
 
Hypotheses. The model also presents the hypotheses to be tested. The main hypothesis is the (proposed) relationship 
between the independent and dependent variables. It is also possible to define explanatory hypotheses which describe 
the assumed relations between independent variable and the intervening variable and the intervening variables and the 
dependent variables.  

 
Figure 4:5. A generic measurement model 
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Several variables of each type might be included in the experiment design. In experimentation on 
command and control the dependent variable is typically a mix of several indicators that are 
supposed to give a “performance profile” of the studied organization or system. In the same way 
several possible intervening variables might be defined in order to explain variance in the dependent 
variable.     
 
An example of a measurement model taken from a study performed in the autumn of 2004 
(Wikberg, Andersson, Berggren, Hedström, Lindoff, Rencrantz, Thorstensson, & Holmström, 2004) 
is shown in figure 4:6. In this example two different setting of task environments were compared. 
One is a real physical environment.  The other is an environment based on computer simulation 
using commercial PC-software. The initial research problem was to examine whether it was 
possible to use simulated environments on the soldier level in combination with real C2-systems to 
create an experimental setting to study command and control. The measurement model defines two 
major dependent variables: task force performance and command post performance that might vary 
between settings. Each of these variables consists of a set of sub-variables. Some confounding 
variables were also considered such as ‘weather’ and ‘task force skill level’ in analyzing the results. 
Consequently, these factors have also to be monitored. Finally some intervening variables where 
identified as possible explanations to any variation in the dependent variable.  For example, is it 
differences in task dynamics or differences in communication pattern that explain any difference in 
performance between settings? This particular study is described later in this chapter in section 
4.4.2. as case 4b. 
 

X1: Real environment

X2: Virtual environment

Z1: Weather

Z2: Level of computer training

Z3: Unexpexted events

Z4: TF skill level

I1 Communication
I1:1: TF Internal communikcation

I1:2: Communication CP-TFC 

I2 Perception of situation
I2:1 Perception of distances

I2:2 Perception of time

I2:3 Preparation of details

I2:4 Perception of enemy behaviour

I2:5 Perception of task

I3 Task dynamics
I3:1 Decisons (Numbers/Type)

I3:2 Reason of detection

I3:3 Arousal

Y1 TF performance
Y1:1 Solve task

Y1:2 Rapidity

Y1:3 Taking risk

Y1:4 Prepardness for 
alternatives

Y1:5 Tactically correct behaviour

Y2 CP performance
Y2:1 Deliver correct and 
adequate info

Y2:2 CP perception of TF 
activity

Independent variable: Intervening variables Dependent variables

Confounding variables

General Hypothesis 1: Type of environment does not affect performance

Hypothesis 1: If the environment is virtual the communication will increase

Hypothesis 2: If the environment is virtual the perception of the situation will be more accurate

Hypothesis 3: If the environment is virtual the dynamics of the task will increase

Hypothesis 4: If communication is increased the performance will increase

Hypothesis 5: If perception of the situation is accurate the performance will decrease

Hypothesis 6: If task dynamics is high the performance will decrease

General Hypothesis 2: Training in virtual environment will decrease performance in real environment

 
 

Figure 4:6. An example of a measurement model. 
 
Data on each of the variables were collected from a variety of data sources. Data collection is 
somewhat beyond the scope of this chapter. In chapter 6 we will present more thoroughly our 
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approach to data collection. However, again it must be emphasized that definition of instruments of 
measurement is an integrated part of the measurement modeling.  
 
A final note on measure modeling is the importance of level of scale. Scale type is important 
because it defines which analyses are possible, or at least permitted, to carry out. As will be 
discussed in chapter 6 on data collection, the operation of measurement is a relation-preserving 
function which should translate an empirical structure into an abstract structure. The scale levels; 
nominal, ordinal, interval and ratio scales, defines the “precision” of measurement and thus also the 
precision of the translation. For example, it is not possible to conclude whether something is twice 
as good based on a measurement using an ordinal scale as an ordinal scale represents order between 
objects (and not interval or ratio between objects). This issue is briefly introduced in section 6.2.1. 
To anyone familiar with inferential statistics this is nothing new as it is a part of the basic of 
statistics. The pragmatic problem is rather to explain the restrictions of different measures to clients 
in the modeling phase. For example, the precision of measures might not be good enough to tell 
how long it takes to make a decision for a division staff.     
 

4.4 Illustrative cases  
 
Two cases are presented in order to illustrate the use of modeling to define experimentation design.  
 
The first case, 4A, describes modeling of an experimental staff exercise. The modeling includes a 
business model with definition of exercise set up and a measurement model with variables to 
measure and corresponding hypotheses. The purpose of the study was to compare two possible 
information structures.  
 
The second case, 4B, describes modeling of an explorative study. The purpose was to come up with 
a proposition of a new decision making model. The model was used to manage the discussion 
during two war gaming exercises. The aim was to generate hypotheses about future decision 
making processes.    
 

4.4.1 Case 4A: Measurement Model on effect of information structure on C2. 
 
A study was performed in the context of the Swedish Armed Forces’ demonstrator program which 
aims at reshaping and adapting the defence from an invasion focused to a flexible network based 
defence (Swedish Armed Forces, 2002). The study was performed on two occasions and focused on 
how the C2 process is influenced by which information structure is chosen. The first study was 
performed in autumn of 2003, DEMO 03 H, and a replicate was conducted during May 2004, 
DEMO 04 V.  
 
The basis of the experimental design were outlined in a business model and a measurement model 
in a series of group modeling sessions with participants from the Armed Forces and FOI. The 
starting point for the modeling session was a hypothetical chain of effects defined by LedSystM, the 
project responsible for development of command and control (C2) methods in the armed forces 
transformation process. The assumption was that “role based but shared situational information” 
creates an “a mutual situational awareness”. The more mutual a situational awareness is the less 
effort is needed to achieve decentralized coordinated action. Thus, a mutual situational awareness in 
turn facilitates coordination and even self synchronization. Better opportunities of coordination will 
make it possible to achieve what is called “command and control superiority”. The hypothetical 
chain of effects is shown in figure 4:7. 
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Role based but shared 
situational information

mutual situational 

awareness

facilitated coordination 

(self synchronization)

Command and 
control superiority 

 
Figure 4:7. The hypothetical chain of effects used to model Demo 03 H and Demo 04 V. 

  
The basic structure of this assumed relationship was modeled into a business model of the activities 
of a command and control system and into a measurement model describing the variables and 
hypotheses implied by the assumed the relationship. A series of modeling sessions were conducted 
with representatives from LedSystM and FOI. The modeling was documented in graphic form on a 
whiteboard under the supervision of an analyst from FOI. 
 
The business model defines how the processes which were included in the hypothetical chain of 
effects should be realized in an exercise organization and which restrictions to put on the scenario 
according to the principles illustrated in figure 4:8.  
 

Role based but
shared information

Shared
perception of the 
situation

New co-ordinations
(self syncronization)

C2-
advantage

Translated to design 
of exercise

Exercise command
uses two different 
principles to introduce
information to…

..one joint staff
and three tactical
staff. Information 
calls for..,.

Co-ordination
between staffs
which in turn..

Results in 
a C2 
situation

 
Figure 4:8. Translation of hypothetical chain of effects to experimental setting. 

 
The business model formed the basis to organize the actual exercise setup. The test was performed 
as a series of staff exercises conducted over a period of three days. In one setting, the information 
structure was based on the principle that different staffs only had direct access to information based 
on their predefined organizational roles. Any additional information has to be requested from other 
staffs or actors. In the other setting, all actors and staffs had direct access to all information in the 
system. The final business model is shown in figure 4:9. 

Role based 
but shared 
information

Shared 
perception of 
the situation

New co-
ordinations

C2-advantage

Exercise command: 5 Officers. Distributes 
all information to all staffs. 

OPHQ: Have all info. Compiles and 
distributes the same information to all 
subordinate staffs.

Stabstöd (1)

Tactical C2: Three physically separated 
staffs. Have all info. 5 Officers/staff

Stabstöd (1) Stabstöd (1) Stabstöd (1)

Process: Local coordination based on the 
evolving situation. Flexible use of sensors 
and systems

GemIS (1)GemIS (1)GemIS (1)

GemIS (3)

Perceived C2-situation

Deployment in 
laboratory facilities:

Exercise command: 5 Officers. Distributes 
information to staffs based on role.

OPHQ: Have all info. Compiles and 
distributes information to staffs based on 
role.

.

Stabstöd (1)

Tactical C2: Three physically separated 
staffs. Only access to information based 
on their role and what they receive from 
OPHQ. 5 Officers/staff

Stabstöd (1) Stabstöd (1) Stabstöd (1)

Process: Local coordination based on the 
evolving situation. Participant have entire 
disposal of their own sensors ans systems

GemIS (1)GemIS (1)GemIS (1)

GemIS (3)

Perceived C2-situation

GemIS (1) GemIS (1)

Direct access to all 

information in the system

Access to information based on 

predefined organizational roles. 

 
 

Figure 4:9. Business model of DEMO 03 H and DEMO 04 V 
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The measurement model was based on the same hypothetical cause and effect relationship between 
information structure and C2 process as the business model. As described in the business model in 
figure 4:9 two possible solutions for access to information were implemented limited and unlimited 
access to information. In the limited condition the lower staffs only had access to their own C2-
system, i.e. lower staffs had access to different information databases and external information was 
only accessible to all staffs after it had been approved and manually implemented to the system. All 
staffs had to seek information via ISMARK to get the simulated picture. In the unlimited condition 
all the lower staffs had access to a mutual information database and had full access to the simulated 
picture via the Federation. These two solutions were treated as the independent variable in the test. 
Consequently, the research manipulation consisted of a variation in ‘information structure’, X1, 
between these settings.  
 
The business model also defined relevant variables to measure. A graphical model illustrating the 
resulting measurement model is shown in figure 4:10.  The model describes how information 
structures (X1) are related to a number of relevant factors in the C2 process (Y1-Y4: Perceived 
performance, Perceived situation, Perceived stress and critical activities). Intervening variables (I1-
I6) refers to internal processes, perceived situation and coordination. The model also defines some 
confounding variables (Z1-Z4: external processes and characteristics of the participants). 

Internal processes

I1: Collecting 
information

I2: Revising 
information

I3: Distributing 
information

I4: Definition of 
situational picture

External processes
Z1: Scenario 
events

Z2: External 
communication

Participant charact.
Z3: Professional 
experience

Z4: Role

X1: Information 
structure

I5: Perceived 
situation

I6:Coordination Y: C2 situation 

processer Need to 
act

Motive to 
act

Performed
coordinat.

Need of 
coordinat.

Info Picture

Y1:Perceived 
performance

Y2:Perceived 
C2 situation

Y4: Critical
activities

Y3: Perceived 
stress

 
Figure 4:10. Measurement model of Demo 03 H and Demo 04 V 

    
Based on the measurement model some hypotheses are possible to derive. The main hypothesis is 
the (proposed) relationship between the ‘information structure’ and ‘command and control 
situation’. Using the intervening variables a number of explanatory hypotheses were also possible to 
define. In this case the effect of the variation between settings was tested with nineteen different 
hypotheses.  
 
An important component of the measurement model is instruments of measurements.  The ambition 
was to use several different methods to measure each variable (triangulation). An example of a 
hypothesis from the study is: “If access to information is limited (X) then the level of performed 
contacts between units to discuss coordination (I6) will decrease”. This particular hypothesis, 
which was rejected, was measured with three different kinds of instruments of measurements: 
  

1) Digital questionnaires, during and after the exercise, where the participants estimated their 
need of coordination and described which contacts they actually had taken to discuss 
coordination.  

2) Observers documenting which contacts the units had actually taken in order to discuss 
coordination. 
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3) Logging of voice and text communication between units. All communication was then 
classified on a number of factors. One of the classes was if the communication included 
discussions on coordination between units.  

 
The result of the study indicates that the participants were less inclined to question the reliability of 
the information when they had access to all information. The results further suggest that the 
participants were more satisfied with available information in the setting with access to all 
information and the situational picture they could create based on it. Accordingly, the participants 
also considered themselves to have a better situation awareness and better chance to exert command 
and control. Nevertheless, there was a larger disagreement between individuals within the same 
tactical staff regarding which factors that were the most central in the prevailing situation.  
 
The conclusion from the study was that the results support a C2 system where all the actors have 
full access to all information available on the system databases. The somewhat confusing results of 
a larger discrepancy between individuals when the information is considered as being of better 
quality is judged to be a natural effect of a richer and more realistic assessment of the situation. 
 

4.4.2. Case 4B: Modeling of future decision processes in C2 
 
In a study (Wikberg, Strangert, Adolfsson, Holmström, 2005) performed in the fall of 2002, 
modeling was used to define alternative procedures for military decision making. The rationale for 
this study was that the realm of decision making in command and control today is wider than before 
and there is a general opinion that the traditional process of military planning is too slow. In 
addition, developing the new Swedish command and control systems, the ambition is to incorporate 
new perspectives on decision processes such as “self-synchronization” (Brehmer, 2002).  
 
The study was conducted in two steps. The purpose of the initial phase was to define a basic 
theoretical model of decision making based on six theories of decision making from psychology and 
organization theory. Together with subject matter experts, the theories were compiled into one 
comprehensive model outlined like a ‘manual’ for a staff procedure. In the second phase, the model 
was used as a ’script’ to organize the discussion in two war gaming sessions. 
 
 
Step 1 – Construction of a base for war gaming and for the description of the scenario. In the 
modeling sessions during the first step four persons participated: two from FOI, one from the 
Swedish Armed Forces and one from the Work and Organizational Psychology Unit at Umeå 
University. The participants contributed to the modeling with their experiences from each area of 
expertise. The starting point was four theoretical decision models from behavioral science and two 
from organization theory.  
 
Theoretical perspectives on decision making in psychology 

 Decision making as conditioned response on environment (Skinner, 1953, 1968) 
 Decision making as rational choice between defined alternatives (Simon, 1957, Miller & 

Starr, 1967)  
 Decision making as dynamic process control (Ashby, 1956, Brehmer & Svenmarck, 1994) 
 Decision making as intuitive judgment based on expertise and recognition of contextual 

factors (Klein, 1993) 
 
Theoretical perspectives on decision making in organization theory 

 Decision making as negotiation in order to achieve acceptable solutions (Cyert & March, 
1963) 
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 Decision making as organic streams of events (Cohen, March & Olsen, 1972) 
 
The participants were gathered in four occasions. In the working process sheets of paper, 
representing the model components, were used. With the help of these sheets of paper a new model 
lay-out was created, edited and transformed into a digital format. An important part of the modeling 
was that the original features of the “original” model never were lost. Each and every model 
illustrates decision making in its own way and brought out different aspects of the decision maker, 
the task and the context. Great importance was attached to keeping each model characteristics and 
letting these characteristics leave its mark on the common model. It must be emphasized that the 
purpose never was to create a normative model for future decision making but to create a final 
product which could be considered a “script” for the successive parts of the study. The general 
features of this model are shown in figure 4:11. Note that figure 4:11 only shows the general 
features of the model. The model in detail is shown in figure 4:12. 
 
 

Simplistic decision (decisions based on 
experience and expertise) Factors influencing 

choice of decision 
type: 

Rational decision (‘traditional’) (decisions 
based on analysis) 

-Nature of task 
-Need of 
collaboration 
-Experience 

Negotiated decision (decisions based on 
agreement between equal actors) 

Organisation of 
temporary process 

l

Implementation of 
decision 

 
 

Continuous surveillance of environment and incorporation of experience  

Figure 4:11. The general features of the suggested decision making model described in 
Wikberg, Adolfsson, Strangert, & Holmström (2005). 

 
Step 2 – War gaming. In the second step of the study, the model was used as a script in two war 
gaming exercises focusing on command and control. Participants of the war gaming sessions were 
representatives from the Defence Forces and different departments of FOI. All participants were 
appointed roles which corresponded with their competence. The roles were either active, when the 
participant acted in the course of events, or passive, where the participant had a supporting role as 
domain expert (for example an expert in technology concerning military information and 
communication).  
 
In the war game a tactical situation were presented. During the exercises participants described how 
they would act in the simulated situation. The process steps defined in the model were successively 
discussed based on the participants’ different areas of expertise. The discussion with and amongst 
the participants concerning the evolving description of the scenario were documented successively 
by the war gaming manager. For this purpose a lap-top computer with a projector enhanced screen 
were used so that the participants could follow and comment what was noted. This documentation 
later became the foundation for the description of the course of events. The conclusion from the 
syudy was that further development of formalized decision methods are judged to be an important 
issue.. Focus of such an development should be adaptation to international operations.        
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Figure 4:12. A model of decision processes (Wikberg, Strangert, Adolfsson, Holmström, 2005). 
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5 Test environments 
 

5.1 Background 
 
Empirical tests are always realized in some kind of practical context, i.e. a test environment. The 
term ‘test environment’ comprise not only the actual research setting, e.g. military exercises or 
laboratory environments, but also practical and theoretical restrictions due to the character of the 
experiment. For example, these restrictions can include limiting participants’ freedom of action in 
some ways or their access to information. 
 
In designing a test environment, there are numerous factors that affect the process. Some of these 
factors can be controlled by the researchers or by the clients, while others cannot be regulated or 
adjusted. The research problem itself, the extent to which the problem area has been explored so far, 
as well as the resources available (such as money, technology and personnel) are examples of 
factors that are important in designing a test environment. 
 
As mentioned in chapter 3, the objective is almost always to create a highly realistic test 
environment. Yet it is sometimes impractical, inappropriate or even impossible, to study certain 
phenomena in their natural setting, due to the complexity of the phenomena as well as the setting 
itself. Part of the solution is to adapt the setting in order to make things manageable, so that the 
phenomena of interest can be investigated in a systematic manner. This adaptation can involve 
creating simulations of entire (or parts of) processes, systems, exercise environments, courses of 
events or organizational aspects etc. 
 
These issues have to be considered in the initial problem analysis conducted during modeling of 
experiment design as described in chapter 3. The following section is a brief summary of some 
theoretical aspects of test environment. Readers primarily interested in practical applications could 
move on to section 5.3. 
 

5.2 Simulation and control in experimental design 
 
Simulation is a tool to make different aspects of command and control practically testable. Dawson 
(1962, p.3) define simulation as ”…the construction and manipulation of an operating model - a 
physical or symbolic representation of all or some aspects of a process. An operating model in this 
case means that the simulation model can replicate the characteristics and the behaviors of the real 
system over time (Schultz & Sullivan, 1972). A simulation doesn’t necessarily need to be physically 
concrete. A mental simulation, where participants imagine a real situation, might also be included in 
the definition. Consequently, Harré, (2002, p. 54) defines simulation as a real or imaginary 
representation of an empirical system. Viewing simulations as representations means that it has the 
same theoretical foundation as modeling, presented in section 4.2.  
 
Gist, Hopper & Daniels (1998) suggest two dimensions, test setting and research strategy, which 
together can be used to describe a ”space of experimental settings” in terms of simulation (figure 
5:1).  
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Figure 5:1. Eight types of games or organizational simulations along the 
two dimensions of research setting and research strategy (Gist et al., 
1998). 

 
The first dimension concerns the setting, i.e. the extent to which an experimental setting uses a 
‘real’ environment or to which extent the setting is created. This dimension includes all possible 
research settings, from laboratories to actual field settings. In experimentation on military command 
and control, it spans from real, large scale operations to highly formalized laboratory experiments. 
In between these extremes there are exercises and war gaming with different degree of realism and 
simulation.  
 
The second dimension deals with research strategy, i.e. the degree to which the researcher actively 
exerts control on the simulation. This dimension covers the spectrum of research strategies from the 
strict experiment with active manipulation of variables to passive observation studies.  
 
As shown in figure 5.1 it is possible to identify eight types of games or organizational simulations. 
Gist et al. (1998) points out that in debating the merits of laboratory versus field research, the 
“middle ground”, i.e. organizational simulations in altered natural contexts and similar contextual 
settings, has been somewhat neglected in organizational literature. These research approaches 
permits certain experimental rigor which is difficult to obtain in the field, and offers contextual 
relevance, since measures are taken to simulate contextual elements of the natural, or real, setting.  
 
We find this also true when it comes to studying command and control. Therefore, our work has 
focused on the “middle ground” of their model (figure 5.1). We have tried to find ways to maximize 
experimental control in complex simulations. 

 

5.3 Our approach to developing test environments  
 
Our experiences spans over a wide variety of settings and research strategies. We have conducted 
studies of command and control processes during field exercises and in C2- laboratories. 
Furthermore we have, in the different types of settings, used different degree of experimental 
control. An outline of some studies, classified in accordance with Gist et als’ model, is presented in 
figure 5:2. Some of these studies have been conducted within the scope of the project while some 
have been conducted in cooperation with other projects. 
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Figure 5:2. An overview of some of the conducted experiments related to the project. 
The studies is classified in accordance with the dimensions shown in figure 5.1 

 
The studies listed in the figure have in general been conducted in a setting between “real” 
environments and laboratory setting. Some of the studies have been conducted as “staff-exercises”, 
a context we have considered to be in between the extremes of the setting dimension. These staff 
exercises have in turn varied in level of simulation. Studies have also been conducted during field 
exercises, a setting we have considered to be nearer a real setting than staff exercises. Finally, 
computer simulated environments have also been used. They represent a higher degree of created 
setting compared to staff exercises. 
 
Level of experimental control has also varied between studies. Often, it has only been possible to 
conduct the study using an observational strategy due to practical circumstances.  However, in 
many cases the studies have been conducted exerting experimental control. As discussed earlier, the 
level of control has inevitable varied between studies.  In some cases we have used a mix of 
observational and experimental strategy. 
 
Note that the research traditions of action research and multi factor case studies (se section 3.3) are 
applicable in almost the whole “space of research settings” defined in figure 5:1 and 5:2.  However, 
our experience is that the use of action research is often the most applicable approach in large scale 
experimentation when an experimental strategy is to be used. Multi factor case studies with an 
experimental strategy have the disadvantage that large scale exercises often have to be adjusted in 
relation to the planned execution. Changes in scenario and procedures might of course corrupt the 
experimental design. To adjust to this problem we recommend a combination of data collection in 
larger settings and smaller case studies as described in case 7A. If an observational strategy is used 
both case studies and action research is applicable. 
 
Figure 5:2 presents the following experiments:  
 
NBC. An experiment conducted at the Swedish NBC Defence Centre during an exercise with the 
national NBC protection task force. In the experiment the task force had to manage a situation with 
chemical warfare agents discharged over a major city during a staff exercise.  Two conditions were 
compared with an experimental strategy. In the first condition the existing NBC C2 system was 
used. In the other condition a simulation of a future C2 system was used. This case is described in 
chapter 7 as case 7.B. 
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K4 1. An experiment, conducted at the Norrlands Dragoon Regiment, explored the possibility to 
use commercial computer games as simulations in command and control exercises. An 
observational strategy was used during the test. This case is described later in this chapter as case 
5.A. 
 
K4 2. In a sequel to the study described above, also conducted at the Norrlands Dragoon Regiment, 
two different task environments, field exercises and computer simulations, were compared. The 
comparison, which was based on an experimental strategy, focused on how the same task was 
solved in these different environments? This case is described later in this chapter as case 5.B. 
  

Demo 03 H. A study performed in the context of the Swedish Armed Forces’ demonstrator 
program. The study was performed on two occasions and focused on how the C2 process is 
influenced by information structure. Two conditions where compared using basically an 
experimental strategy. This case is described in chapter 4 as case 4.A. 

 
Demo 04 H. An exercise held in the context of the Swedish Armed Forces’ demonstrator program. 
The focus of the experiment was to further develop a procedure for planning under time pressure. 
The study was conducted as a war gaming exercise using an observational strategy.  
 
Demo 05 V. An exercise held in the context of the Swedish Armed Forces’ demonstrator program.  
The focus of the experiment was to further develop a procedure for planning under time pressure. 
The study was conducted as a staff exercise. A series of exercise runs were used for data collection. 
Some of these runs were studied using an observational strategy while others were studied with an 
experimental strategy. This case is described in chapter 7 as case 7.A. 
 
TCX. A study carried out at the Singapore Center for Military Experimentation (SCME) with the 
purpose of exploring the effects of a decision model combining a naturalistic planning and decision-
making model called the Knowledge Battle Procedure (KBP) and a C2 System for distributed 
planning called MissionMate (MM) with TeamSight (TS). The study was done as a part of the 
overall Swedish Armed Forces (SAF) and Singapore Armed Forces collaboration framework. The 
study was conducted as a formal staff exercise and an observational strategy was used. 
 
ASÖ 03. During the Swedish Army’s maneuver in the spring of 2003 a pilot study was performed 
in order to examine how distribution of responsibility was perceived in the chain of command of an 
army division. An observational strategy was used and the study is published in Andersson, Lindoff 
& Wikberg (2003). 
 

5.4 Illustrative cases 
 
Two cases are presented in order to illustrate the use of test environments as we have used it. 
 
The first case, 5.A., focused on exploring the possibilities of using commercial game software in 
experimental simulation exercises. In this particular exercise, the aim was to evaluate the effects of 
real-time information access on command and control. The results from this study showed that the 
use of commercial game software for this purpose is possible.  
 
The second case, 5.B., was a sequel to the previously mentioned case. One condition for using 
commercial PC-games for evaluation and training is that the behavior of units and commanders in 
the virtual and physical environment must have high correspondence. This study investigated this 
correspondence. A virtual three-dimensional copy of one square kilometer of the regiments exercise 
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range was created and integrated in a commercial PC-game. Ranger task forces, supported by a rear 
command post, accomplished the same mission both in real and virtual environment and the 
performance of the task forces’ and the commander’s executions of the mission in the two different 
environments were compared. 

5.4.1 Case 5A: Commercial software in a ranger command and control 
exercise 
 
A computer game based simulation exercise was conducted at Norrland’s Dragoon Regiment in 
May 2003. Commanders’ use of real-time information from Unmanned Aerial Vehicles (UAV) was 
studied using commercial software to simulate the tactical context of command and control. Will 
commanders with access to detailed real time information interfere in operations on lower level, 
thereby loosing their overall perspective? The aim of the study was to explore the possibilities of 
using commercial game software in an exercise evaluating command and control. 
 
At the regiment, ranger battalions are trained for combat and reconnaissance missions in a large 
variety of environments. The battalion command, rear command post, is dimensioned to lead ranger 
squads in several different directions and from a substantial distance.  The task of the battalion 
command is to deliver qualified intelligence material to the commander in charge of the mission in 
the area.  The battalion command post can, if needed, be deployed in close connection to the area of 
the mission. The principle of command and control used within the ranger battalion today is 
founded on communication over substantial distances using a High Frequency (HF) radio and a PC-
based terminal for communicating data (PC DART). PC DART is a message based type of 
communication. Each task force has a PC DART client with software which enables the possibility 
to write, send and receive messages. In principle PC DART has the same function as a regular e-
mail client.  
 
Information transfer within a ranger battalion is limited compared to other military units since a 
ranger task force commander can not bring extensive equipment and analysis tools, i.e. the ranger 
must be able to carry his own combat load. Consequently, vast amounts of information from sensors 
such as UAVs, satellites and integrated helmet and display sight must be analyzed by a battalion 
staff deployed at distance from the target area. If the ranger battalion is equipped with, or supported 
by, such sensor systems, the rear command post will have better access to real-time information 
about the situation in the target zone than the task force commander. A number of hypotheses 
concerning effects of the staff’s access to real time information on command and control methods 
were tested.  
 
With support from military personnel from K4 a business model of command and control of ranger 
units using real time information was defined (Figure 5:3).  
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Figure 5:3. A business model of the command and control organization when real time 
information from a UAV is available. In the present case RADIO 180 were used as a 
substitute for PC DART as communication tool between task force commander and 
battalion commander.  

 
The participants were four career officers and 24 conscripts from the ranger battalion. There were 
also two technical officers from the Swedish Army Technical School (ATS). The participants were 
divided into one ranger battalion staff and three task forces. Each of the three task forces consisted 
of one career officer and six to nine conscripts. The staff was composed of three career officers and 
two soldiers. The staff and the three task forces were placed in separate rooms.  
 
The tasks were carried out in virtual commercial PC game environments. From one of the ranger 
units the battalion commander had access to real-time information from an UAV and from helmet 
assembled cameras. There was no such information from the other two ranger units. The outline of 
the exercise is illustrated in figure 5:4. 
 

 
 

Figure 5:4. The command and control conditions represented in three different virtual 
environments 
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Three local networks (LAN) were organized. The staff used their regular tactical information 
system “IS MARK” while the task forces performed their missions in three different virtual 
environments. A commercial, non-modified, game was used in each LAN. The PC game enabled 
the soldiers to integrate their actions through their personal terminals. In two of the LAN the 
computer generated opponent provided by the software was used as enemy. In the third LAN the 
enemy was controlled by other soldiers.  
 
Communication between the staff and the three task forces, i.e. LAN 1-3, were made through the 
ranger battalion’s ordinary communication device PC DART. The battalion staff was able to 
communicate with all the ranger units. The ranger units on the other hand were limited to 
communication with the battalion staff and not with each other.  
 
The tactical situation was followed up by the staff and registered in IS MARK on maps generated 
from the game. The different LAN was structured according to the following principles: 
 
LAN 1 (Task force 1) was made out of eight computers and the game “Delta Force: Task Force 
Dagger” from Novalogic. The force was assisted by an UAV which circulated the area of interest 
maneuvered by the staff. The staff had a screen showing the image from the UAV. The computer 
screen of the commander of the task force was filmed and the image from the camera was directly 
available to the staff. The artificial intelligence served as the enemies 
 
LAN 2 (Task force 2) used six Xboxes from Microsoft and the game “Ghost Recon” from Ubisoft. 
The artificial intelligence served as the enemies. 
 
LAN 3 (Task force 3) consisted of eight computers where the game “Rogue Spear” from Red Storm 
Entertainment was used. The enemy was two additional soldiers. 
 
The staff was in charge of the units and worked in accordance with their ordinary procedures. 
Before the exercise, the participants practiced in a tutorial generated by the game in order to get 
necessary basic gaming skills. Communication and tactic were also trained as well as handling of 
PC DART. Different scenarios were used for the pre training and the ordinary experimental 
exercise. Task force 2 and 3 executed the operations three times and stand-by force 1 did their 
operation two times. After each run, debriefing was carried out in accordance with normal 
procedures. Data was collected using observers, questionnaires and technical registration of 
communication. Afterwards, raw data and preliminary results generated from the data analysis was 
presented and discussed with all participants of the exercise during an After Action Review session.  
 
The results indicate that access to real time information at higher levels of command doesn’t 
necessarily lead to a change in command method from a mission oriented command tactics to a 
command guidance tactics. However, it seems that the battalion staff prioritized the unit with real 
time information on the behalf of the other units. The results underline the importance of systems to 
administer real time information as a vital component for the command and control of future ranger 
units. The assessment is that there are large possibilities to develop methods to use commercial 
game software for exercises, tests and tactical applications. 
 

5.4.2 Case 5B: Simulated environments as experimental settings  
 
A sequel to the study described above was carried out in the fall of 2004. The study, also conducted 
at the Norrland’s Dragoon Regiment, investigated the correspondence between behavior of units 
and commanders in a virtual and a physical environment. A virtual three-dimensional copy of one 
square kilometer of the regiments exercise range was created and integrated in a commercial PC-
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game. Ranger task forces, supported by a rear command post, accomplished the same mission both 
in real and virtual environment. In both environments the rear command post had access to real-
time information from a simulated UAV. The task forces’ and the commander’s execution of the 
mission in the two different environments were compared according to mission success, 
communication, situation awareness and the dynamic of the task. Data was gathered using 
observers, questionnaires and registration of radio communication. The same business model 
(Figure 5.3.) was used as in the first study to define research settings. The realization of the model 
in the two different settings is presented in Table 5:1. 
 
Table 5:1. Description of the elements in the business model and how these were realized 
in both settings.  
 
Model 
elements 

Description 

Goal Objects, activities or area which constitutes the task force’s mission. 
Realized by: The objective was to demolish a communication pylon. In the physical setting 
the pylon was located about 50 meters south of a buildings present in the mission area. The 
pylon was replicated in the virtual setting.  

Soldiers Rangers part of the task force with the task to strike at the objective.  
Realized by: Conscripts from the 41. Ranger platoon. In the physical setting weapons 
rigged for blank ammunition and blind explosives were used. The soldiers were equipped 
with equipment to indicate gun fire using laser indicators. In the virtual setting each soldier 
had access to a computer connected to the LAN and each of them controlled one player.   

Task 
commander 

The individual commanding the mission in the field. In missions concerning few units the 
task commander normally is in close connection to the soldiers at the objective. In missions 
with several units the location most suitable for the coordination of the mission is chosen.  
Realized by: Consisted of conscripts from 41. Ranger platoon. These were using the same 
equipment as the other soldiers in both settings.  

Tactical radio Within the task force the communication between units is based on a radio UHF system.  
Realized by: The ordinary radio system was used in both settings.  

Rear 
command 
post 

The battalion command located at a rear command post has the task of supporting the task 
commander. 
Realized by: Officers from the regiment with the rank of captains. That position was in 
accordance with the position they would have during a real operation. The rear command 
post in the virtual setting consisted of one officer located in the facility used as rear 
command post during the regiment’s regular exercises. The rear command post in the 
physical setting was located in a hut not far from the physical mission area. Both rear 
command posts had same access to command and control support systems.  

PC DART 
 

A long range communication system based on HF radio and a PC-based terminal for 
communicating data.  
Realized by: In communication between mission and rear command post the Radio 180 was 
used in both the real and virtual setting.  

UAV/Real 
time image 
via satellite 

A sensor. In this particular case defined as a UAV able to register activities in the mission 
area in real time.  
Realized by:The real time information from the UAV in the virtual setting was an existing 
functionality of the used PC-game. The UAV-picture was presented on a screen on a 
terminal connected to the local network in the rear command post. The UAV could be 
controlled by the task force commander. The picture was not available to the task force.  In 
the physical setting a remote controlled web-camera was mounted on a sky-lift placed in the 
mission area.  In accordance with the virtual setting the commander in the physical setting 
could control the view of the simulated UAV. Furthermore the picture from the web-camera 
was not available to the task force. The position and altitude of the simulated UAV-function 
was as equal as possible in both settings.  
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Below, examples of UAV-pictures from the virtual (Figure 5:5) and the physical (Figure 5:6) 
setting are presented.  

 
Figure 5:5. Example of a UAV-
picture generated in the virtual setting 

 Figure 5:6. Example of a UAV-picture 
generated by means of a web-camera in 
the real setting 

 
Results from the study reveals that the task forces’ performance and behavior was more or less the 
same in the different conditions. Simulated environments are therefore sufficient for training and 
experiments of this kind of mission. However, it should be noted that communication within task 
forces was more frequent in the virtual environment. Furthermore, the communication between 
commander and task force was more frequent in real environment. A more through discussion of 
the result is presented in Wikberg, Andersson, Berggren, Hedström, Lindoff, Rencrantz, 
Thorstensson, & Holmström (2004). 
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6 Data collection 
 

6.1 Background.  
 
Experimentation always includes some kind of data collection as data is the information gathered 
which is assumed to represent the characteristic of the studied phenomena. As we have presented in 
chapter 3 we have focused our work on making the data collection process as efficient as possible.  
 
Our definition of data collection, or more specifically, measurement is an operation to assign 
quantitative or qualitative values to empirical phenomena. Methods for data collection are major 
components of experiment design. Experimentation on complex systems normally calls for several 
different methods and data sources (Strangert, 2005). From a technical point of view the operation 
of measurement can be undertaken with a variety of methods. These methods includes, among 
other, observers, interviews, questionnaires, technical registrations, document analysis, 
documenting and analyzing artifacts such as tactical maps and other outputs etc.  
 
As presented earlier, the need for huge amounts of data constitutes a resource problem. 
Administrating and analyzing data calls for resources in time and personnel. To enhance 
cooperation between analysts and clients the ambition is to have preliminary results presented to the 
participants/interested parties in close connection to the experiment.  
    

6.2 Some foundations of measurement  
 
The following section is a brief summary of some theoretical foundations of measurement. Readers 
primarily interested in practical applications could move on to section 6.3. 
 

6.2.1 Measurement as representation 
 
Formal measurement theory as it is known today is largely defined in “Foundations of Measurement 
Theory part I” by Krantz, Luce, Suppes & Tversky (1971).  Consequently, the underlying 
perspective of measurement theory is the same as described in section 4.2 on modeling. 
Measurement as well as modeling is basically a matter of representation.  
 
Krantz, Luce, Suppes & Tverskys’ approach is based on the notion that empirical systems are 
viewed as non-numerical structures of relations with a set of non-numerical elements, N1, 
N2……Nn, and a set of relations, R1, R2……Rn, which constitutes a set N'. The representation of the 
empirical structure is an abstract structure with a set of (numerical) entities, n1, n2……nn and a set 
of relations, r1, r2……rn, which constitutes a set n'. A scale of measurement is then a relation-
preserving function which translates N' to n'. The operation of measuring is thus viewed as the 
procedure of assigning numbers or symbols to empirical properties and relations in order to 
represent these in a formal system. Krantz et al. only discusses numerical representation but other 
types of representation are possible, for example those based on semantics or predicate logics 
(Flood & Carson, 1990). For example, subjective judgments can either be made by using a 
quantitative scale or by qualitative descriptions using natural language (Strangert, 2005). The 
theoretical discussion above on measurement is illustrated in figure 6.1.  
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Figure 6:1. Measurement as a relation-preserving function, measurement 
theory Krantz, Luce, Suppes & Tversky (1971). 

 
Another important notion in measurement theory is the distinction between four different scales of 
measurements (Stevens 1946, 1951). A nominal scale is the representation of (qualitative) 
differences between objects. Another word for nominal scale is classification. For example, 
mankind can be divided into two subcategories according to gender. An ordinal scale is the 
representation of order of objects according to some property, for example exam grades to rank 
study performance. An interval scale is the representation of intervals between objects according to 
some property, for example, the Celsius system to measure temperature. A ratio scale is the 
representation of ratios between object according to some property, for example the metric system 
to measure length. 
 
Scale type is important because it defines which types of relations are possible to preserve on the 
measurement operation. As mentioned earlier a scale of measurement is a relation-preserving 
function which translates the empirical structure, N', to an abstract structure n'. A nominal scale 
translates empirical relations into an abstract representation based on the relations = and ≠, here 
expressed as (n’, = or ≠). Thus, using such a scale will not permit representation of order, interval or 
ratio between objects. The corresponding translation for an ordinal scale is (n’, > or <), an interval 
scale (n’, + or -) and finally a ratio scale (n’, * or ÷). In the same way not all relations are possible 
to represent using a certain measurement scale.  
 
The type of scale used in the measurement operation limits which analyses are possible, or at least 
permitted, to carry out. For example, it is not possible to conclude whether something is twice as 
good based on a measurement using an ordinal scale, conclusions whether something is better is 
however permitted.  
 
The practical consequence is that considerations on scale of measurement must be embedded in the 
procedure of modeling of experimental design. Modeling of experimental design is outlined in 
section 4.2. 
 

6.2.2 Some problems associated with measurement.  
 
Procedures and instruments for measurement might not be entirely reliable and valid. As a 
consequence the assigned numbers or symbols might not represent reality in a sufficient way. In 
general terms these problems are divided into (Graziano & Raulins, 2004):    
 
Reliability means to which extent random errors have influenced in the measurement process. The 
experiment design must minimize circumstantial factors during the data collection.     
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Validity means absence of systematic errors in the measurement process. Different types of validity 
problems can be distinguished.  A common classification is:  
 
Construct validity refers to whether the instruments of measurement really produce data that 
represents the theoretical constructs. For example, there are several significant terms associated 
with command and control issues where there is no generally accepted approach for measurement. 
Situation awareness and decision superiority are examples of such terms.   
 
Internal validity refers to whether factors, other than those central to a study, have influenced data. 
A study of how information structure influences situation awareness might be biased by extraneous 
factors present in the experiment setting. Examples of such factors are training effect and 
differences in experience among participants. The definition of extraneous variables in the 
modeling of experimental design is a manifestation of an ambition to avoid problem with internal 
validity. 
 
External validity refers to whether data and results can be generalized to other settings and 
circumstances. As any experiment must be carried out in a specific setting it has to be considered 
whether there is anything about the experiment setting that makes it unique and/or different 
compared to a “real” situation. 
 
The scientific approach means to make sure that the experiment is not charged with these problems. 
A feature of methodological tools and procedures is to gain control over the experimental setting. 
One such operation to gain control when studying complex systems is triangulation of data. This 
means that as many methods as possible should be used to measure one empirical variable. The 
rationale is that when several different subjective and objective indicators show the same patterns it 
indicates that the study is valid. When studying complex command and control systems the general 
approach is, if possible, to measure each variable from at least three different domains (Alberts & 
Hayes, 2002). 
 

1. Physical domain. For example, the products each staff delivers or the activities they perform 
2. Information domain. For example, which information is communicated by whom. 
3. Cognitive domain. For example, the participants’ knowledge, opinions etc. 

 
These domains could in turn be measured in several different ways, for example, by using both 
observers' and participants' judgments. Another example is shown in figure 4:6. The variable ’solve 
task’ was measured in three different ways: 1. The observer’s subjective judgment of how well the 
task had been solved. Data was collected by a pre-defined observer protocol. 2. The task force own 
perception of how well they had performed. Data was collected by a pre-defined questionnaire. 3. 
Whether certain actions where undertaken according to a predefined list. Put together, these 
indicators constitute a “profile” of organizational performance. 
 
There is a vast amount of literature on data collection and issues related to reliability and validity 
and it will not be discussed further in this report. Our recommendation is to consult this literature 
for further references, for example Graziano, & Raulins (2004) or Blalock (1982).  
 

6.3 Our approach to data collection. 
 
A set of measures are used as “indicators” on organizational performance in the initial data analysis. 
The definition of these measures is a part of modeling the experiment design as described in chapter 
4. Examples of some data collection methods are presented in table 6:1.  
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Table 6:1.Examples of data collection registration methods 
 

Data collection 
method 

Significance 

Observation Observers’ manual recording of organizational activities. All observer reports specify 
time (hour and minutes) and place. 

Recording of 
communication 

Automatic digital recording of radio and telephone communication. All communication 
is labeled in terms of time. 

Registration of 
positions 

Automatic registration of geographic positions using satellite navigation equipment  

Photography Documentation of activities and situations using digital camera. All photographs must be 
manually recorded and labeled in terms of time. 

Video recording Video recording of activities and situations. 
Event cards When there is an evaluation situation and some predefined events are expected to happen 

to certain individuals, these are equipped with event cards. For example, extra personnel 
serving as casualty markers might be equipped with causality cards on which they make 
notes during the exercise (Thorstensson et al., 1999). They note the time for specific 
events in the medical attendance. 

Collecting log 
files 

When support systems are used, log files that contain interesting parameters are collected 
from these systems. This facilitates the study of system usage and availability, in the 
overall context. 

Collection of 
(evolving) 
tactical 
documents 

Documents belonging to orders, reports and briefings etc are a rich source of 
information. Copies of these (over time as they evolve) will contribute to the exploration 
of the information situation in the command posts and the field units. 

Registration of 
table for 
recourses and 
activities 

The rear echelon command posts often use tables for presenting situations and prognoses 
regarding important resources and key activities. Documenting these tables by regular 
documentation, photographs or other means available enables the analysis of the 
information situation and activities in the command post. 

Questionnaires Personnel’s thoughts, opinions and feelings can be registered using questionnaires.  
Interviews Interviews can be used to get a picture of how personnel perceive certain matters. 
Physiological 
measures 

Some physiological measures, such as hormone levels or blood pressure, can be used to 
indicate for example fatigue and stress. 

 
 
The last decade’s development in information technology has had a profound impact on the 
possibilities to make the data collection process more efficient. The ambition in this and related 
work is and has been to eliminate as much manual work as possible. For example, digital 
questionnaires in combination with net work technology has made it possible to collect and import 
data to analytical tools such as SPSS (SPSS, 2005) more or less seamless.  
 
Time pressure, the amount of data together with the strategy of using multiple indicators and 
multiple measures for every variable makes the administration of data a delicate matter. We have 
normally used a data matrix to organize data according to instruments of measurement and variables 
to measure. An example from an experiment carried out in the spring of 2005 at Singapore Center 
for Military Experimentation (SCME) is shown in figure 6:2. The purpose of the study (Cheah, 
Thunholm, Chew, Wikberg, Andersson, & Danielsson, 2005) was to explore the effects of a 
decision model combining a naturalistic planning and decision-making model called the Knowledge 
Battle Procedure (KBP) and a C2 System for distributed planning called MissionMate (MM) with 
TeamSight (TS). The study was done as a part of the overall Swedish Armed Forces (SAF) and 
Singapore Armed Forces collaboration framework. In the study a large numbers of variables were 
measured by several different instruments of measurements  

 44



 

1b,1c,1d,1e1a,2a, 2b1b3Q6: Mission Mate
Questionnarie

Observer protocols

Questionnaries

6

1-9

4,5,6

Oth
er

1A,1B,1C

1A,1B,1C 

=

Z2: 
Syste
m 
failure

2,3,4,5

2,3,4,5

=

Z1. 
Similar
ity of 
scenari
o

Confounding
variables

System log

1A,1B,2A
,2B

Q4: Time-out situation 
awareness

L2: Products to be rated in 
05

1,2,3,4,5,62,31L1 Communication

1,2,3,4,5Q5: After planning
questionnarie

Q3: Before exercise on 
background

7,8,96A,6B,6CQ2: after run on quality, 
KBP and scenario

7,87,85,6A, 6B3,41,2Q1: Time out questionarie

6A, 6B, 
6C

05: SME after run on 
quality

1,2,43, (4)O4: On line on process

O3: after run on KBP and 
scenario

97,87,85,63,41,2O2: Time-out staffs work

Y1:3: 
Idea
communicatio
n

1

Y1:2 Idea 
sharing

Y1:1 
Generated 
options

Y1:4: Openess

2,3

Y2:2 Situation 
awareness

Y2:1 Quality 
of critical 
decisions and 
plan.

Y2 Quality of 
decision

Y1:6: 
Dominace
from leader 

Y1:5: 
Dominant 
member

Y1 Team Creativity

Dependent variables

O1: On-line communication

Instrument of 
measurement

1,2,3,4,5,6

Y4:2:
Naturalistic
approach

Y4:1
Communication 
pattern

Y3:2 
Completion
of process 

Y3:1 
Reaction on 
critical
evemnts

Y4 Communication 
pattern

Y3 Completion
of process 

 

Figure 6:2. Data matrix of an experiment carried out at 
Singapore Center for Military Experimentation . 

 
Each column of the matrix represents a variable. Four “major” dependent variables were defined: 
‘team creativity’, ‘quality of decision’,  ‘completion of process’ and ‘communication pattern’. Each 
of these dependent variables consisted of a number of sub variables. A few confounding variables 
were defined but in this particular case no intervening variables were defined. Some of the measures 
defined in the measure model were later excluded. These variables are marked with a red cross.   
 
Each row represents a specific instrument of measurement. Several different observer protocols and 
questionnaires were defined.  Finally, some relevant system registrations were used as measurement 
instruments. In each cell the measure is defined more precisely. For example, a questionnaire might 
be used to collect data on several variables. In the cell are the specific questions of the relevant 
questionnaire indicated. 
 
The major advantage of the data matrix is that it gives an overview of the data collection plan and is 
a guide line to keep track of the analysis if data. So far, the matrix has not been digitized and 
integrated in the MIND system.   
 
The result from this initial analyses and interpretation of data provides a guideline for a further in 
depth analysis using a wider range of data. Even if the modeling is thorough and data collection on 
pre defined indicators is well elaborated, the complexity of the experimental setting often makes it 
impossible to predict every course of events and outcome. We have therefore taken a wider 
approach to data collection during the experimentation. It is our experience that complimentary data 
is always requested. The in depth analysis is then an exploration of large and diverse amounts of 
process data collected “parallel” to the pre defined indicators. Consequently, the need of efficient 
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techniques and procedures to administer, structure and store data is an important issue. One 
ambition is to construct a wider data set consisting of a “Mission History”, a time-synchronized 
multimedia model of the course of events is constructed. The construction of such multimedia 
models are based on the MIND-system described in section 3.5.  
 
In the following section we briefly describe the collection and administration of data from different 
types of sources. We will also discuss how to practically deal with large amounts of process data, 
and provide a practical example from an experiment.  
 

6.4 Case 6: Development of data collection techniques in 
experimentation, Demo 05 H. 
 
Some of the principles to conduct experimentation on C2-processes outlined in Evolva are under the 
implementation at the Swedish Armed Forces C4I Development centre, LedUtvC. The work is 
undertaken by the project MARULK which aim is to develop a system to support analysis. Using 
the MIND system as the fundamental framework, the support system will provide: 
 

• Data collection from a number of different sources.  
• Time stamping of data to second precision. 
• Data compilation in a common database. 
• Data processing during ongoing experiment. 
• Presentation and visualization of collected data, as multimedia representations of mission 

histories (Morin, 2002) and as explaining tested hypotheses (Albinsson, Morin & 
Thorstensson, 2004). Presentation will be possible a few hours after experimentation. 

• Support for after-action reviews (Rankin, et al, 1995) and post-mission analysis. 
• Support for including operator and domain-expert comments and interpretations in the 

database. 
 
In the fall of 2005 the experiment Demo05H was executed at LedUtvC as a C2 exercise with 300 
participants from all three branches of the Swedish Armed Forces organized in 22 staffs at different 
levels of command. Participants were connected in a joint local area network (LAN) simulating a 
network-centric warfare environment. During the experiment, MARULK in participation with other 
projects performed extended trials on data collection from multiple sources. Trials also included 
data compilation in a common database, data processing during experiments and connecting data to 
hypotheses.  
 

6.4.1 Data from participants.  
 
Digital questionnaires. A digital questionnaire system was introduced using web technique to 
increase speed, and performance in collecting, compiling, processing and storing data. All 
participants answered the questionnaires before the exercise and directly after each specific 
experimental run. Each questionnaire comprised 30-100 questions. The selected system did not 
meet expectations. A combination of technical and usability problems resulted in severely corrupted 
data such as duplicated registrations and loss of data.    
 
Group interviews. Another data collection method was group interviews performed after each 
specific experimental run. Each group consisted of participants from different staffs, making up a 
special chain of command or a specific function. 20-30 different group interviews were held after 
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each exercise. Documentation from interviews was made in MS word. Possibly, documentation 
could be done using a questionnaire tool.     
 
 

6.4.2 Data from observers.  
 
Digital questionnaires. Besides taking notes as a basic method, observers also answered 
questionnaires after each experimental run. The same digital questionnaire system was used as the 
one used by the participants. Of course, the content of the questionnaires for observers and 
participants differed. 
 
Computerized observer tool. A computerized observer tool was also evaluated. The tool is based 
on earlier research on time-stamped structured reports (Thorstensson, 1997) and on how to support 
observers (Jenvald, Morin, Crissey & Thorstensson, 2002). Four experts observing four different 
command posts were used to test the prototype tool in the two final experimental runs. The number 
of reported observations was a total of 123 and 154 respectively, with a somewhat similar 
distribution between the different observers. Each observer tool was connected to the network and 
the reports were sent to a central database as soon as they were saved locally by the observer. This 
made it possible to display all observer reports in real time at different locations in LedUtvC and 
gave the personnel at the analysis centre (AC) the possibility to follow course of events at different 
command posts simultaneously, which was considered a great improvement for their work. All four 
experts appreciated the tool and regarded it as a significant support for making qualified reports 
from observations. Further development will be made in order to implement tools for 
communication  
 

6.4.3 System data 
 
Ground Truth. The tactical setting was simulated using different interconnected simulator 
systems. The tactical course of event was recorded by logging the HLA data for the federation. The 
spatial and temporal course of events for the approximately 800 entities participating in each 
experimental run was registered  
 
Voice communication. Three different systems for voice communication were used during the 
exercise. All of them utilizing voice over IP (VoIP) in the joint LAN. None of the tested systems 
provided available means for logging communication. To overcome this problem software were 
developed to record everything that is said in selected microphones and everything that is heard in 
selected loudspeakers. These programs were installed on all approximately 300 computers in the 
LAN and were then used to register voice communication for 36 key participants. In each of the 
four experimental runs we recorded some 100.000 communication events. All communication 
events were time stamped and, if possible, connected to an identified sender and an identified 
receiver.  
 
System utilization. Software was installed in all participating computers on the LAN to be able to 
register the screen of the operators. A screen shot was registered every fifth second making it 
possible to compile the data to a film strip. As the registration was time-stamped, it was possible to 
synchronize these film strips with the data voice recording of the selected 36 key participants and 
the recording of ground truth. 
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6.4.4 Mission histories 
 
The possibility to synchronize data was used to compile “mission histories” for a specific time 
frame of the experiment. Selected sets of data formed mission histories making it possible to replay 
the selected course of events. An example of the visualization of such a mission history is shown in 
figure 6:3. 
 

 
Figure 6:3. A screenshot from the MIND system, showing a Mission History from Demo05H. 

 
It is possible to have predefined data collection plan for the compilation of such mission histories. It 
is also possible to compile a mission history in an “ad hoc” fashion based on the wide set of 
collected data. In one specific case during the experiment, there was a misunderstanding between 
two command posts at different levels of command. After the exercise the operators wanted to find 
out why this had happened and asked for help to reconstruct the communication from that part of 
the exercise. By exploring the course of events and communications from one specific 
“commander’s conference” it was possible support them in defining cause and effect relationships 
and use the collected data to improve future performance and decrease risk for similar 
misunderstandings. 
 

6.4.5 Administration of hypotheses, data and conclusions  
 
Tool to administer hypotheses. Initial studies to define a tool to enhance documentation of results 
from experimentation with a traceable link between hypotheses, data and conclusions were also 
undertaken. The idea is that the hypothesis tool will be used to organize and compile important data 
collected during experimentation. Hypotheses, data and conclusions will be linked to mission 
histories. It also becomes the entrance to the considerably wider set of data that has been generated 
during the experiment. The prototype of the tool is described in section 8.6 and shown in figure 8:1.  
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7 Feedback of test results 
 

7.1 Background 
 
As we have mentioned in chapter 3, it is important to integrate the clients into the experiment 
process. One way of doing this is by developing the methods of presenting results from 
experiments. However, our perspective has been to find new ways of communicating test results to 
development work as a complement to traditional methods, i.e. written reports. One ambition has 
been to have preliminary results displayed to the participants/interested parties in as close a 
connection to the experiment event as possible. Such an After Action Review (AAR) gives the 
opportunity to discuss and react on the results directly. In this chapter we present our experience of 
developing new procedures and approaches of providing feedback of results from experimentation.  
 

7.2 A generic model for feedback 
 
A control model derived from system theory (Katz & Kahn, 1978) includes a cyclical process of 
several phases: (1) diagnosis, (2) planning, (3) data collection, (4) analysis, and (5) feedback.  
 
The diagnostic phase (1) includes definition of present status of the object of research/development 
(e.g. a process or an organization). In the planning phase (2), the diagnosis is compared to a goal 
state or goal effect that the development project is trying to achieve. The purpose is to identify 
activities or/and interventions that might be necessary to undertake in order to achieve these goals. 
After the data collection phase (3) comes the analysis phase (4), where these identified activities 
and interventions are tested as hypotheses. Will the suggested actions lead to the stated goals or/and 
effects? The feedback phase (5) has the purpose of interpreting the results together with the clients 
and to “tune” future activities/interventions so that stated goals and effects can be better achieved. 
The model is shown in Figure 7:1. 
 

EXPERIMENTATION

1.

2.

3.

4.

5. FEEDBACK

DIAGNOSIS

PLANNING

DATA COLLECTION

ANALYSIS

 
 

Figure 7:1. A generic control model of experimentation. 
 
However, one single control loop is not sufficient when the evaluation process stretches over a 
period of time. An iterative approach is necessary: formulating hypotheses; testing them in various 
test environments; turning back to the initial model for evaluation and revision; and generating new 
hypotheses to be tested in additional tests and experiments.  
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In “Code of best practice for experimentation” (Alberts & Hayes, 2002) the need of “experimental 
campaigns” — a series of interconnected experiments aiming at exploring and developing “Mission 
Capability Packages” — is stressed. An important implication is that feedback of results and 
experiences from any experiment is relevant both in the short and the long perspective. It should be 
possible to use results as early as possible for decisions on further work in the development project 
and also to use data and experiences from an experiment after a considerable amount of time. 
Presumably, this will enhance the possibility to create a “body of knowledge” which is traceable to 
results from earlier experimentation. This “body of knowledge” should also be used in planning of 
future experiments and activities.    
 

7.3 Our feedback model 
 
We argue that it is possible to view the feedback process from any single experiment as a series of 
different sequential phases. We suggest the following phases:  
 
Phase 1: During experimentation. The normal procedure is often to focus on data collection 
during an experiment. Analysis is conducted some time after the experiment. During an experiment, 
when researchers, clients, and other relevant competence are present at the test location, there is 
reason to use this opportunity for analysis based on the multi-disciplinary competences. The 
purpose of feedback in this phase might be to give a basis for decisions to make changes between 
runs.  
 
Phase 2: After Action Review (AAR). Directly after an exercise it is common procedure to gather 
all participants to discuss the conducted exercise in an after-action review. The purpose of feedback 
in this phase is to present and discuss preliminary results from the experiment with the participants 
in order to validate and interpret findings and also, a very important issue in the AAR: to collect 
additional data such as the participants’ opinions.  
 
Phase 3: Post Mission Analysis. It is not always possible to conduct an in depth analysis of 
compiled data in the AAR phase. It is not possible to include and discuss all results in an AAR as 
available time, resources for preparation, and the actual AAR session are limited. Additional 
analysis of data in cooperation with a limited number of clients and domain experts might be 
necessary to conduct after the experimentation and the AAR phases. The purpose is to perform as 
much data exploration as needed for enhanced testing of defined hypotheses.  
 
Phase 4: Experiment Conclusion. At some point in the feedback process it is necessary to make a 
closure of the conducted experiments and start focusing on the next action. The normal feedback in 
the closure phase is a written a report in order to present a final and official documentation of 
results from an experiment.  
 
Phase 5: Lessons Learned. After final closure of an experiment, the compiled databases can still 
be of value. Questions might arise later that were not recognized at the time when the experiment 
was conducted and other related projects might also be interested in exploring data from earlier 
experiment. The purpose of this phase is therefore to construct a searchable generic database of 
experiences from previous phases to be used as a base for future interventions and actions. 
 
Phase 6: Planning. In the initial planning phase of succeeding experiments, results from earlier 
experimentation should be considered. The planning should be undertaken by an integrated team of 
researchers, clients, and relevant domain experts. The purpose of this phase is to define a basic 
research design. The essential outcome of the planning phase is a definition of what to study and 
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how to do it. Thus, this phase is connected to the issues discussed in chapter 4. Earlier results from 
experiments should be included in the modeling process. 
 
Phase 7: Pre-Action Presentation. Even with a well developed research design the analysis needs 
an in depth preparation. This is especially true if there is a demand of feedback during the 
experiment. Of course, one such source of preparation is to present data from earlier experiments. 
The purpose of this phase is to prepare participants and/or the analysis team before the next 
experiment. One way is to study interventions and actions from previous experiments.  
 
 
Each separate phase can be described as a control model shown in figure 7.1. Several such 
sequential control models might be interconnected so that output from one becomes input in 
another, as depicted in figure 7:2. 
 

EXP. AAR PMA CLOSURE LL PLAN PAP  
 

Figure 7:2 Suggested feedback phases in military research and development. 
 

7.4 Illustrative cases 
 
In this section we will discuss the suggested phases more thoroughly. To illustrate the discussion, 
some examples of feedback of results in some of these phases are presented. Each phase calls for a 
different approach which is exemplified with cases. This approach can not be fully applied in this 
chapter since there are not yet concrete results for all the phases.  
 
One might argue that each of the phases in an experiment cycle should contain well structured 
feedback processes. However, due to the specific circumstances of every single experiment, the 
nature of feedback of results might differ. It is our experience that a fully conducted feedback cycle 
in every phase can seldom be attained. Thus, the selected cases are examples of how feedback of 
results has been performed in a single phase and not for the whole cycle. 
 

7.4.1 Feedback of results during an experiment 
 
During an on-going experiment the involvement of the clients is crucial. The analysis of results 
should not be left solely to the researchers. As researchers, clients, and other relevant competence 
are present at the test location, there is reason to use this opportunity for analysis based on the 
multi-disciplinary competences. Often, an experiment is conducted as a series of runs during an 
exercise. Thus, time is crucial if the results are to be interpreted during an on-going data-collection 
series during an exercise. This is especially accentuated in an action research approach (see section 
3.2), where the results from the initial test runs should be input for further runs. However, the need 
of feedback during a single case study (see section 3.2) is also present as it might save time and 
resources invested in the post mission analysis.  
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7.4.1.1 Case 7A: Demo 05 V 
 
Experimentation is an important feature of the Swedish Armed Forces’ transformation from 
invasion focus to a flexible net-work based operational defense. Demonstrations and tests of new 
technology and methods will be used to resolve uncertainties, test technical (and financial) 
feasibility, and illustrate alternative courses of action. The results will be analyzed and assessed 
through study activities before deciding on continued development activities. One important sub-
program in this process is LedSystM which is responsible for development of command and control 
(C2) methods. As a part of the demonstrator program, command and control methods and principles 
will be tested in a series of experiments. 
 
In the exercise Demo 05 V, held in April 2005, the focus of the experimentation was to further 
develop a procedure for planning under time pressure. The model for the procedure, Planning Under 
Time Pressure (PUT), is based on a satisficing rationale approach, that is, the purpose of the 
planning process is to find a good-enough option early in the process and then refine and 
corroborate it through war gaming. The model is originally developed at the Swedish Defence 
College and was first introduced in the Swedish armed forces as a tactical planning model in 2003. 
A full description of the PUT-model is provided by Thunholm (2003, 2005). 
 
More precisely, the aim was to develop procedures for the cooperation between staffs and the 
distribution of commander’s intent in the context of the PUT model. The experiment was conducted 
during a series of war-gaming sessions. The test design was based on an action-research approach. 
The intention was to conduct the analysis according to the following procedure: 
 

1. During, and instantly after, each war-gaming session a set of variables were measured with a 
number of different instruments, i.e. observers, questionnaires and registration, and 
classification of radio and data communication. The variables - task knowledge, 
cooperation, product quality, distribution of commander’s intent, and communication pattern 
- were used as indicators of organizational performance. 

 
2. Between each war gaming session the result from the measurements were analyzed together 

with personnel from LedSystM. Participants of the exercise also conducted workshops on 
the theme “What can be changed in the planning process in order to improve the PUT 
process?”.  

 
3. Based on results from the steps above decisions were taken together with personnel from 

LedSystM on what to change in the PUT process during the next war-gaming session. 
Instruments of measurements could also be changed. 

 
4. During the next war-gaming session the organization was measured using basically the same 

set of variables. The basic question to be answered was if the changes introduced made any 
difference. If so, what was the nature of the effect? Refined and supplementary questions 
and hypotheses might be added to the analysis.   

 
The process described above was implemented with the help of military personnel allocated to the 
work from LedSystM and is described in more detail below: 

 
a) The initial task was to explain the results from the analysis of data from the first war-gaming 
session. Results showed a strong negative correlation between the commander of the joint staff and 
his staff members on the ranking task of the importance of different events that occurred during the 
session. This result might be interpreted as a failure of the commander to communicate his intent 
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within his own staff. The personnel from LedSystM used the data base from the digital 
questionnaires in order to find explanations of the result. It was also possible to trace data from 
staffs, observers, and personnel for further data collection. The most plausible explanation found 
was that the result was due to the fact that distribution of information to the subordinate staff had 
been prioritized. Thus, the commander’s intent had not been formally communicated in the joint 
staff. Another explanation might also be that officers from different services had different 
competence and traditions and therefore interpreted the same situation differently. 
 
b) The next step in the procedure was to come up with solutions to overcome the identified 
problems. In this case, the major problem was judged to be the inconsistent perception of the 
situation in the joint staff and the absence of communication of intent within the staff. The opinion 
was that the most significant tool was that each staff should establish a timetable in order to push 
the planning process forward. 
 
c) Finally, two changes in the experimental design were defined. First, changes of the measurement 
of distribution of commander’s intent were implemented. The aim was to overcome the problem 
with the difference in perspective on the mission between services. Instead of just ranking events of 
primary interest for the joint operational level, the ranking also included lists of events of 
importance for each of the services. Second, a minor experiment was also conducted between the 
first and second session in order to compare different principles to formulate a commander’s intent.   
 
In this minor experiment twelve officers were divided into two groups. Each individual in the 
groups acted as a liaison officer receiving a commander’s intent communicated by the commander 
of the joint staff. One group received commander’s intent expressed in terms of the ”required 
effect” while the other group received the same commander’s intent expressed in ”required 
capacity”. Communication between the officers within or between the groups as well as questions 
to the commander where not allowed. Measurement of distribution of commander’s intent consisted 
of ranking of importance of a selection of defined events. Each participants were asked to rank the 
order of a number of injects regarding their threat to mission success. The participants ranking of 
importance were compared within each staff as well as with the commander (whose ranking were 
considered to be the correct ranking in accordance with the communicated intent). Result of the data 
analysis indicated that the group subjected to commander’s intent expressed in ”required effect” 
showed a higher consistency in ranking of importance relative to the “correct” commander’s 
ranking. 
 
Results from the intervening experiment were not put forward as a finding to be generalized. 
Instead, the results were used as a basis for an AAR discussion a few minutes after the 
“intervening” experiment. The purpose of the discussion was to try to explain the result and to come 
up with actions to improve transfer of commander’s intent. During the discussion a hypothesis, 
intended to be tested in the next war gaming session, was formulated: “Commander’s intent should 
be mediated in terms of “required effects” but the following dialogue should be based on the 
”required capacity”. A template to support a dialogue based on this hypothesis was constructed and 
informally tested in the following session. The possibilities to observe this dialogue were limited 
due to limited space for observers. 
 

7.4.2 Feedback of results during an After Action Review - AAR 
 
Directly after an exercise it is common procedure to gather all participants in order to have a post 
exercise review. Such an After Action Review (AAR) is a common approach for this kind of 
feedback session. AAR was first implemented in the mid 1970’s (Rankin et al., 1995). The AAR 
approach has been developed ever since to provide and deliver feedback after a collective training 
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exercise in order to enhance training value. This is made possible by collection and presentation of 
data that characterize the performance of the units in relation to preset goals and mission outcomes.  
 
Traditional use of AAR. As defined in Training Circular (TC) 25-20, A Leader’s Guide to After-
Action Reviews (U.S. Army Combined Arms Center [CAC], 1993), an AAR aims to answer the 
general question “How did the unit do?”. This question is broken down into three more concrete 
sub-questions: “What happened during the collective training exercise?”, “Why did it happen?” 
and “How can units improve their performance?”. The goal of an AAR session is to enhance the 
training effect.  
 
The answer to the main question "How did the unit do?" may not be immediately obvious to the 
participants or to those who planned and controlled the exercise. Morrison & Meliza (1999) explain 
how this understanding is easily lost or obscured by "the fog of war" or just the simple fact that it is 
impossible for each and everyone to have an overview of the amount of distributed, but related, 
events and actions going on during a collective training exercise. An important part of the AAR is 
thus the ability to raise the level of awareness about the actual course of events. FOI has been 
working with development of methods and tools to support reconstruction and exploration of the 
chain of events for an exercise. This work is described in more detail in Morin, Jenvald & 
Thorstensson (2003). 
 
AAR in experimentation. The traditional use of AAR methods and technology, described above, is 
to structure training and evaluate exercises in order to achieve or increase training value. Based on 
the traditional content of AAR, we argue that the approach is applicable, with some modifications, 
in the context of experimentation. The general idea is that the AAR approach can be used to support 
feedback of results from tests and experiments in the context of a development process. The AAR is 
an opportunity to present data and preliminary results in a comprehensive way in order to discuss 
and analyze the material with the participants in the time frame of a traditional AAR and, most 
importantly, to collect additional data from the participants. The main effort is not to reflect upon 
individual and group performance but to reflect on the questions of the experiment. 
 
However, it is important to realize that the AAR approach tailored for training is not directly 
applicable to report findings from tests and experiments. Instead, we argue that in experimentation 
the AAR should be used to discuss preliminary results in order to validate and interpret them and to 
collect complementary data. Hence, in experimentation the AAR is a data source to support 
analysis, whereas during training the AAR is an important part of the training process. 
 
With this changed focus of AAR we need to modify the three questions for self examination. The 
main question of "How did the unit do?" is no longer necessarily in focus and is therefore, in a 
hypothesis-driven experiment, modified to "Which hypotheses were rejected?" The results of the 
planned data collection and analysis are presented to the relevant participants of the experiment, in 
the form of supported or rejected hypotheses. The traditional questions are thus slightly modified as 
shown in table 7.1:  
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Table 7.1: Modified AAR questions for experiments compared to AAR for training 
 

 

Traditional (training) AAR questions Modified (experiment) AAR questions 
"What happened during the collective training 
exercise?"  
AAR participants attempt to specify the facts 
(i.e., important actions and outcomes) of the 
exercise. 

"What happened during the experiment?" 
 
AAR participants attempt to specify the facts of 
the course of events in the experiment. 

"Why did it happen?"  
Given the facts of the exercise, the participants 
attempt to explain the causes of particularly 
important actions and outcomes. 

"Why did it happen?"  
Given the facts of the experiment, the participants 
attempt to explain the causes of the outcomes of 
the test of the hypotheses. 

"How can units improve their performance?"  
Given that the previous two questions are 
answered, the participants determine actions 
to solve identified problems. For example, 
changes to standard operating procedures 
(SOPs) or increased training on basic drills. 

"What is the implication for the development 
project?"  
Given that the previous two questions are 
answered, the participants identify problems (and 
possible solutions) relevant to the development 
project.  

 
 
Some challenges for using AAR in experimentation. One important issue in the development of 
new C2 systems is that highly abstract processes such as decision making, situation awareness, etc. 
must be analyzed and developed. Consequently, data on these matters must be collected, analyzed, 
and presented in an AAR. This data collection and analysis brings out inherent problems. 
 
Since the time span between a test and the following AAR should be as short as possible, the 
amount of time available for data analysis is limited. Consequently, data from decision-making 
processes are normally limited to quantitative data for statistical analyses. Our experience is that the 
presentation of results from such analyses poses a problem as evaluation often becomes a lecture on 
statistics rather than evaluation of a decision process (Wikberg & Lundin, 2002a). We evaluated the 
“normal” technique to present statistics in the format of graphs in the context of an AAR in an 
‘Experimental Simulation Exercise’ (ESE). The evaluation tested how the involved experienced 
officers understood the results presented (Wikberg & Lundin, 2002a). During the ESE, two 
additional inquiries were distributed to the participants. The first, distributed directly after the 
regular questionnaire concerning the problem studied in the ESE, was designed to survey to what 
degree the participants understood which comparison the graphs intended to represent. The second, 
distributed directly after the presentation of the results from the regular inquiry, was designed to 
elucidate which results the participants believed they would attain. The results indicate that the 
foundation for the AAR was incorrect since the participants could not explain the information in the 
presented graphs. In the multiple-choice questionnaire they performed slightly poorer than a 
random outcome. This could partly be explained by the fact that there was a difference between the 
expected and the attained result, which is a cognitive dissonance. Consequently, statistical graphs 
should be avoided in an AAR. Results used in an AAR must be presented in a familiar context and 
in an understandable manner to the participants. As the time available for presenting and discussing 
the results normally is limited, it is important to find procedures to present statistics in a 
straightforward way.  
 
We have tried out ideas on how to tackle this problem. One solution is to present results in terms of 
rejected and supported hypotheses. Each hypothesis is stated together with a verbal description of 
the result of data analysis. The results are presented on power-point slides to the participants using a 
projector. On the slide it is also possible to document comments and additional information from 
the participants. As a complement to this the MIND system (see section 3.5) can be used to replay 
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the mission history and explore collected data in order to give the audience a connection from the 
hypothesis and the statistical data to the actual chain of events during the exercise. 
   

7.4.2.1 Case 7B: AAR in Case Study at SkyddC 
 
An experiment was conducted at the Swedish NBC Defence Centre during an exercise with the 
national NBC protection task force. In the experiment, witch used an experimental strategy in a 
case-study approach, the task force had to manage a situation with chemical warfare agents 
discharged over a major city.  
 
Two settings were compared. One was a situation were the existing NBC C2 system was used. In 
the other situation a simulation of a future C2 system outlined in the NBC Demo project was used. 
The difference between the settings was the degree of access to “intelligent” sensors. The futuristic 
system had the ability to automatically analyze and distribute data and thereby bypassing the human 
element in the analysis process. Based on the basic question “Will this improve the decisions by the 
operators in the C2 system?” a number of hypotheses were formulated. The experiment focused on 
three specific situations during the exercise. The first situation was input of data from a deficient 
sensor. The second situation was introduction of contradictory information from different sources 
and the final situation was to be forced to deliver an instant answer to an official authority on a 
request. Data was collected using observers, questionnaires, and registration and classification of 
radio and data communication. 
 
The study was conducted in one day. The day after the exercise, participants were assembled for a 
half-day AAR. The purpose of the AAR was additional data collection and validation of 
preliminary results. The AAR had its basis in the preliminary result of the analysis of collected data. 
The preliminary analysis of collected data had been restricted to elementary statistics (rank 
correlation and t-test). Results were compiled on power-point slides in order to structure the 
discussion. Each slide presented the result of one of the hypotheses. An example of one of the slides 
is shown in figure 7:3. 

evolva

Raw data:

Correspondence SME ranking vs. outcome: Pearsons Rank Corr: Condition 1: C1:0.583, C2: 0,464: C3: -0,196 Cond 2: C1:X, C2: 0,71; C3:0,7  
Interpretation: Ambigous data. Patter of communication is correlated. However, level of communication differs between runs. Especially, Area of 
contamination and Own capacity is discussed to a significant higher degree in the first run. No difference in Development of situation.. 

Interpretation:

Hypotesis 3: The way of analysing data will have an influence on the content on information.  
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Figure 7:3 Example of an AAR presentation of a hypothesis test. In the upper 
box the hypothesis is stated. The green box contains a verbal description of the 
result of the data analysis. The blue box is used to document comments and 
additional information from the participants. 
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In the initial part of the AAR the participants were reminded of the purpose of the experiment. The 
rationale for this was to establish a common point of reference for the following discussion.  
 
In the next step a discussion about possible confounding factors took place. The participants were 
informed that there had been three specific situations studied in the experiment. They were asked to 
comment on the situations during the scenario regarding their realism. Other confounding factors 
were also discussed, such as the effect of training between runs and their personal experience 
compared to their role in the task force. Data collected on these issues were presented to the 
participants. The purpose of this discussion was to establish some basis for estimating validity and 
reliability of the analysis. 
 
Then, each of the hypotheses tested during the experiment was discussed and each of the defined 
hypotheses was presented to the participants as shown in figure 7.3. The purpose of the discussion 
was to further analyze and, if possible, explain the received result. The starting point was, of course, 
if they agreed with the preliminary result. Comments and complementary data were successively 
documented on each slide.  
 
Finally, the AAR was completed with a discussion on the meta-level about consequences on the 
task force’s organization and procedures in case the suggested technological system would be 
implemented. Another issue in this discussion was the organization of the exercise and possible 
future work. 
 
Based on the collected data and the discussion in the AAR the conclusions from the experiment 
were: 
• Data indicate a more time efficient C 2 process in the high tech condition.  
• However, there is a lower degree of control and verification of information in the high tech 

condition. 
• The implication of the experiment is that new technology will not automatically decrease the 

need of training. 
• Another implication is that today's organization of the task force might be inappropriate if the 

NBC Demo system is introduced. 
 

7.4.3 Feedback of results during Post Mission Analysis (PMA) 
 
With extensive data collection in experimentation, it is necessary to allocate time after each instance 
of experimentation to compile data; in the short time frame in order to support AAR, but also to 
support subsequent activities utilizing a substantial data set. The phase following the AAR is the 
Post Mission Analysis (PMA). In the PMA methodological experts and domain experts work 
together with collected data to elaborate the analysis and focus on specific questions from earlier 
phases as well as issues identified in the ongoing analysis. PMA is normally performed about a 
week after the specific mission (or experiment) when data has been compiled to a certain degree. 
The time utilized for PMA is normally limited, but can vary depending on the amount of analysis 
questions and available resources. PMA procedures are quite well developed for training but are 
still to be defined for experimentation. The details of the case in the following section are not fully 
developed. 
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7.4.3.1 Case 7C: Demo 05 V 
 
After conducting the series of experiments involved in the Demo 05 V exercise, we compiled 
collected data using the MIND system. The compilation of data consisted of a re-playable dynamic 
mission history. An example is shown in Figure 7.4.The mission history replay was then the 
foundation for analyzing the friction in communication between the different command levels 
within the C2 structure. The aim of the PMA after Demo 05 V was to demonstrate the possibilities 
in the available system.  
 

Figure 7:4 An example from the MIND system showing a PMA visualization of 

 

7.4.4 Feedback of results in the final experiment conclusion 

t some point in the feedback process, it is necessary to make a closure of the conducted 

ne important goal is to engage the client in the production of the “final” documentation of an 

7.4.4.1 Case 7D: Model-based documentation in a study of the C2 system of a 

ocusing on the cooperation between different levels in the chain of command in an army division 

 

communication from the Demo 05 V exercise. The time-synchronized model in 
this instance contains two different operators’ screens (two leftmost large 
windows), a communication event (green arrows), a map, and a situation 
photograph from the battle group head quarters (BGHQ). 

 
A
experiment and start focusing on the next action. Normally, this means that results and experiences 
are documented in a written report. The level of quality of this written report might vary. The 
normal procedure for checking the quality of a scientific study is the peer-review method. The 
report is scrutinized by some external individuals who are independent of both the researchers and 
the clients involved in the study. Of course, this calls for resources to be put aside for this purpose: 
A decision where the client makes the ultimate judgment. 
 
O
experiment. A written report from a large scale experiment might be quite extensive and thus hard 
to penetrate for a client. Alternative procedures to produce a report with conclusion are desirable. 
We have tried to tackle this problem by presenting the elements of a traditional report in a graphical 
model-based layout (Wikberg & Lundin, 2002b). A case illustrating such a process is described in 
case 7.D. 
 

division  
 
F
(Wikberg & Lundin, 2002b) a study was conducted in the spring of 2001 during the Army’s staff 
and communication exercise. The purpose was to study roles responsible for supplying the system 
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with information in accordance with a successively identified need. The problem in focus of the 
study was structured in a modelling session, where personnel from the Army and the Swedish 
Defence Research Institute participated. In the modelling, the most relevant factors of the problem 
were identified. Methods for measuring these factors in the given context were also defined. 
 
The model was used as an observation protocol by military staff instructors. Following each staff 
the staff instructors documented identified events, incidents procedures, and so forth that 
corresponded to the defined measures on site. The model and its definitions form the basis for the 
data collection. Every day an evaluation meeting was held, where each staff instructor presented his 
documentation. Figure 7.5 shows a situation during such an evaluation meeting. 

 

 
 

Figure 7:5. A model-based evaluation meeting 

All data where related to the factors of the model by using a print-out of the model on a paper sheet 

he major advantage of the approach was that the primary recipients of the results were engaged in 

 

of approximately one by two meters (see figure 7:5). Documentation and interpretation were 
conducted successively during frequent evaluation meetings. Each documentation was included in 
the model as raw data. A new version of the model was printed for the next meeting. After a couple 
of days of data collection, the documented data were used to draw some preliminary conclusions on 
a heuristic basis on each of the factors identified in the modelling session. These conclusions on 
factors where presented in a more general discussion. The resulting graphical model based 
documentation is shown in figure 7:6. The spreadsheet contains the same information as an ordinary 
test report (including an introduction, sections on method, results, and conclusions). 
 
T
the evaluation sessions. This meant that they had first hand access and knowledge of the results and 
the context of the study in advance of the documented report. A major part of the documentation is 
actually the clients’ own wordings. This approach makes it possible to present an analyzed and 
documented result when the test is finished, as opposed to spending days or weeks to analyze the 
data before being able to present any results. 
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Figure 7:6. The graphical layout of the documentation of a model-based 
evaluation. In this particular case we used a paper sheet of approximately 
1x2.5 meters, wherefore it is not possible to read the text in the figure shown 
here. 

 
As the lay-out of the spread sheet contained all the necessary elements of an experimental report 
(se figure 7:6) it is a quite straightforward process to “cut and paste” the documentation into a 
regular format, i.e. an A4 text document.  
 
In the case described above, a rather qualitative and pragmatic approach to analysis of data was 
used. There is of course no reason why the same principle can be used for other approaches to 
data analysis.  

 

7.4.5 Feedback of results as lessons learned 
 
Accumulated experience from a series of experiments can be documented in different ways. Using a 
re-playable mission history is one way of using data as a means for conveying lessons learned (LL). 
Traditional LL databases mostly consist of written reports on what people have identified as lessons 
from specific events. We argue that a re-playable mission history could complement written reports 
effectively. Future analysis of experimental series will also benefit from having data from previous 
experiments available and graspable. 
 
However, the format and content of the documentation from an earlier experiment might not be 
appropriate for other purposes. A re-playable mission history has to be put together from a specific 
purpose. Using the same large data material for another purpose calls for different ways of 
analyzing and representing data. Developing procedures for reusing data from earlier experiments is 
an important challenge for future work. 
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Ko mm u nic era s g enom  vi d s tab so ri mot s
Ko mm u nic era s g enom  ka rtb un den  sprid ni ng (ta kti ska  
läg esk ar tan )
K om m un ice ras  geno m m u ntl ig d ialog  "ö ve r b ord et" .
Ko m mu nic era s e j

K ri ter ier :
S am tli ga  i la ge t vet h ur  be sv ara de inf orm at ion sb eho v ska  komm un ice ras .

M ål : G ör  be sva ra de inform at ion sb eho v tillg än gli ga för  
sam tli ga be rör da . 

A rb etsme tod er :Do ku mente ras  so m gra fiskt pla sto lea t/t abe ll mo tsv ara nd e
Do ku ment era s g raf isk t/i tab ell  i M ar kIS
Do ku mente ra s i skr iftl ig pap pe rsf orm
D ok ument era s i  sk rift lig di gita l f orm
G en omfö rs e j
E ve ntuellt  tid ig are  fr amtag et bes lut sun de rlag a nv änd s o ch  
u ppd atera s
Ev en tuellt  tid iga re  fra mtage t b es luts un de rlag a nvä nd s e j tr ots 
a tt detta kun de  ha  va rit läm p ligt .
H el t nytt  be slu tsu nd erlag tas  fra m (av  b ehove t fr am ka llat )

K ri terier :
Sa mt liga i lag et vet  va r info beh ov  fi nns  
d ok umen ter ade /ti llgä nglig a

Mål: Säk ers täl la a tt besva rad e i nfo be hov  anvä nd s i IL /ÖL

A rbets me tod er :
Be svarad e info be ho v d okum en ter as i u ppfölj nin gsp la nB esva rad e i nfo be hov  dok um ent era s e j men  la get  (IL /Ö L) 
änd å me dv ete n
D okum e nte era s p å e gna m all ar oc h li stor
B esvar ade  in fo beh ov  doku me nt era s e j.

K riter ier :
La get (IL /Ö L)  ej  me dv eten o m  at t in fob ehov et b es var ats  
e ller va rt sva ren  fi nns .

1.5. K
obe

omm unicer a 
i nf hovet ext er nt,  f r ån 

ÖL /I L- processen t il l 
läges inf oproces sen

? ?

M ål:  Att  ko m munic era  in fob eh ov et till ext ern  p art  på ett  
så da nt sät t at t min a fr åg or upp fatta s o ch i et t s ena re sk ede  
be sva ras .

A rb ets me tod er:Ko m mu nic era s gen om  al lm än orient eri ng  mh a p er iodisk  
r app or t
K om m un ice ras ge no m allm än t tillg än glig  in fo beh ovsta blå  
(he ms ida )
K om m uni cer as ge nom  g en ere llt uts kic k v id  be ho v
K om m un ice ras ge no m rik tad  infor ma tio n t ill v iss a utv ald a
K om m uni cer as ge nom  v id sam verk an ell er m o tsv arand e
K om m un ice ras ge no m o rd erg ivnin g
Ko mm u nic era s geno m  ka rtb un den sp rid ni ng (ta kti ska 
läg esk ar tan )
K om m un ice ras ge no m m u ntl ig dia log  "ö ve r b ord et".
Ko m mu nic era s gen om  ko nf ere nssys tem /ra di o
Ko m mu nic era s ej
K ri ter ier :
I nhä mt at inf ormat ion  sk all  ej gener era  yt ter lig are  frågo r b ase rat  
på  ur spr un glig t info be ho v

H ypote ti ska m ål , 
arbet sm et oder och 

kri t eri er f ör 
respek ti ve 
del proce ss  

A NTE CK NING AR :
Resu lt at  och 
uppk omna 

f råges t äl lnin gar ti l l 
fö lj d av utf örd 
dat ai nsam l ing

NB 5, L 3, 010 301 . E nli gt u ppg ift går en s tor  mä ngd  för frågnin gar  frå n D UC  
avse end e lä get  till  lägesi nfol age t tro ts a tt d e bord e st ällt s til l le dningsl age t 
(L1/ L2) . 
Div.  L3  Lu ft/N är bek.. 0 10 301 . U ppsto d ge nom  a tt L 1: a n beord rad e in  målan aly s.
Div, L 1, 0 10 302 . Ko rre leri ng av l äge sup pfat tnin g inom  LP  ge nom  at t 
samm an kall a le dni ngsplat sor ient erin g, f unk tionsfö ret räda re vid traditio nel l 
karta  efte rso m u pp daterin g lä ges bild  int e fu ngerad eAllm än t. 0 10 302 . Läg esin fob eho v F RÅN d ivi sion  til l NB  5 läg esin fol ag =  
Upp dra g
NB 5, L 1, 010 303 . VB  i L 1 " upp täc ker" ak tua litet stab lån  på ans lag stav lan . 
(Ett a rbe te fö r a tt s kap a en så dan  har  red an påbörj ats inte rnt) . Ta blån ä r 
tidst äm plad  20  mi nuter g am mal . O klar t är  dock a ktu alit et ( viss  info fö ref alle r ej at t stä mm a) sam t vem som  sk apa t ta blån .
NB 5, L 1, 010 303 . V er ifie ring  av  läget m ed  hjä lp a v D UC vi lket  gav  
unde rlag  fö r vi lken  inf ormati on s om  va r nö dvändi g a tt sk affa .
NB 5, L 1, 010 303 . Ak tua lite tsta blå  utgäör  ram  fö r in fob ehovDiv L 3 L uf t/N ärb ek 010 303 . I den tifi eras  utifrån  fö ljan de;  1) plan, 2 ) 
frågestä lln ing från  el ler 3) o rde r.

DUC .Div Le dsy st 010 303 . O rd er från HC  att  utr eda  kon sekven ser  av ide ntif ierat 
gasm oln .

Div L 3 K om m/Fa rb 010 303 . Up pko m geno m r app ort  om  mi nering från  

NB 5, L 3, 010 301 . L1  oc h L 2 b yter  namn efte r pr inc ipen  vilken  so m l ede r 
(L1 är  den  led nin gsp lats  som f ör t illfä llet  led er) Mo tsv aran de byt e sker d ock  
ej i I S M ark .
NB 5, L 1, 010 303 . Beh ove t at t ku nna sit ta p å o lika  pla tser i l edn ing sva gna r 
(tex p å g run d a v til lfäl liga be sök , pl ang rup per etc .) gö r a tt d et b lir svår t at t beva ka ege n in log gad  roll.
Div L 3 L uf t/N ärb ek 010303 . S ker via infö rsel i e gen ska pad  
aktu alit etst ablå .

Di v L 3, 010 302 . Öv erh ört i St riC: "N u n är m ed del andeha nter are n bö rja t 
f ung era vil l jag  in te lä ngr e ha fr istå end e L Vra pp utan en bar t 
sa mm anfatta nde ." (S tri bef LV pra tar  me de L V- bat ).
NB 5 L 3 Läge sin fo. 010 302 . L äge t ko mmun icer ade s vi a fö ljande kan ale r; 1 ) 
per iod vis "un dra ppo rt" via mail, 2 ) "f lyga nde  läg esb ild" vi a in kom ma nde  te les amtal, 3) v erb alt till person er fr ån NB :s f unk tionsla g so m k om me r till 
hy tten .
Di v, L 1, 010 302 . Sö kte  un drap port p å S triC  we bsi da. Häm tn ing inn eba r 
en ligt uppgif t be last nin g på  TS.D iv L 3 Luf t/N ärb ek 010 303. Ske r v ia te lef on, om  dat orn  fun ger ar, eller 
mu ntl igt (ing en kon takt  me d Is/O ffic e  in gen  åt komst t ill d en dig itala  

.)

anterin g av  

tele kat alogen   om öjl igt att r inga  s prin ga ivä g m ed m untlig t m edd ela nde
Div  Le dsyst 010 303 . Ko mm uni kati on via tele fon  till  HC .Div  SL E 010 303 . In fob eho v k om munice ras via  tal elle r webm ail . 
N B5 , L1,  0 10 303 . O kunni ghe t i P C dart -hanter ing  om öjl iggö r h
läg esin fo spe ciel lt i nära  re altid.

Allm än t. 0 10 tsvy ) krävs  int ern t.
Div Le dsy st 010 nin gsb lock .

r k artb ildens mö jliga  

302 . Vy för obe krä ftade u ppg ifte r (a rbe
303 . A np assning  frå n k artb ild  till ant eck

Div S LE  01 030 3.  Ra pporter  sk apa s i d igi tal form .
NB5 , L1 ,  0 10 303 . Nä r ev  Nä bek skj utni ng kan  läs as u
alt.

D iv L3 L uf t/N ärb ek 010 303. Ge nom för s av  den p erso n i hyt ten som 
em ottog o ch h ant era r hä nde lsen. In gen  di sku ssio n med and ra s ker . 

Di v L3, 0 10 302 . V id s tabs ori red ogö r re spe ktiv e strib ef f unk tion  fö r 
p lanerin gslä get . Dv s p lanerin g a v lä ges info  sk er funk tion svi s.
NB 5 L3 L äge sin fo. 010 302.  D en na proc ess  ske dde  ej  pga av  str id s tröm  av  
in komma nde  tel esa mta l.Di v, L1, 010 302 . PC  Da rt kan g e d irek tin gån g till L P
A llmän t, 0 10 302 . E nda st n ärt idsp erspek tive t ha nn s m ed m ed nu vara nde  
bem anning .
D iv Le dsy st 0 10 303 . Up pg ift g avs  inom funk tio n at t an alysera  må lbi ld: SLE  Plan .

N B 5, L 3, 010 301. L edn ing slag et ger intr yck  av att vara V B fu nkt ion  och  
led ning spl ats  i re serv. P lan erin gsf unk tion ?
Di v L 1, 0 10 302 . M arkIS aktu alit etst abl å ej öv ersi ktli g. I stäl let u tveckl ade s 
en före nkl ad v ers ion i W ord .N B5  L3  Lä ge sinfo. 0 10 302 . D en ska pad e k artb ilde n disku ter ade s av  två  
sta bsm edl emm ar . 
Di v, L 1, 010 302 . H ade und rap po rt k omm it in? Let ade  då web fön ster 
i ndi kera de ink ommet , C LP inst rue rade .N B 5, L 1, 010 303. D et ä r en ligt  inkom men  ra ppo rt N B 5:s upp fatt nin g at t 
D iv O in te är i  takt va d a vser  BI S-s ked esindel nin g oc h u ppd rag till  NB  5.  BC  
g es 3 2 m inu ter  att kon tro llera .
N B5 , L1 ,  0 10 303. In ga krig sfö rba ndskor t ify llda . A llts å kan in gen  pr iori teri ng gör as sett t ill a krt uell t fö rba ndsläge .

N B 5, L3, 010 301 . I led ning sla get  NB  5 s ker ing en prio rite rin g av 
inf orm ations beh ov.  Vis s fi ltre ring sk er d ock . O m m öjligt sva r di rek t an nars 
l ottn ing till  fun kti one r.
N B 5 , L3, 0 10 301 . Arb ets fördeln ing  me llan  led ningsla g o ch läge sin folag ä r ok lar  vad av ser  han ter ing av i nforma tio n. L edn ing slaget a nse r at t al l 
info rm ation g år g eno m d em  för  att lot tas vida re t ill b land a nna t lä gesi nfo . 
Lä gesi nfo ans er att l äge sinf o fö rst går  till  de m fö r a tt vidar ebe fd ( vid  beh ov) 
till ledn ingslag .N B 5 , L3, 0 10 301 . V ilka är  pr inci per na f ör b emann ing  av  VB  vid  
l edn ingslag ?
Div sta b, L3,  01 030 1. In for mat ion sbehov  för  öv ergr ipa nde led nin g
- D ok umente rad es s krif tlig t. In för mö tet  had e m an komple tte rat, Luf tstr i intil l 11 50 vid  da tor i Lä ges rum , det d oku men t s om var sam ma nkl ipp t.
-Ti diga re fram tag et b esl utsu nd erlag (P lan ) an vän de s 
-Di sku terat un der  en tid i st abe n. Strid spl an s om  gru nd för sam ver kan sfr ågor 
gjo rde s bl a v  05  un der LT Ö. D okum ente t m ed fråg or infö r m öte  me d O PIL 
had e bö rjat pr odu cer as 0 2-2 7 f unktion svi s.S amt liga vis ste  dok um ent ets innehål l, v ar d ela ktig a och k und e p åve rka . 
-A llsid igt sam ma nsa tt g rup p. M öte i P/A  bö rjad e 1 150 me d f unk tion sch efer 
r unt  borden . K olle kti vt g ick man ge nom  d oku me ntet me d e dito r vi d d atorn
- D isku ssion med  an dra , sy stem - och helh ets syn . Fr ågor til lför des , om pri oritera des , str öks . 
D iv L 1/L2, 010 302 . Led nin gsplats en f öre fall er a tt utvec kla ts ti ll e n ny  
st absp lats m ed b lan d a nna t m ässtält.  Sjv tält  fun ger ar som  Str iC med  
fun ktio nerna i M TLB . M an  har  enligt  upp gif t ka pac itet att pla nera  v erk samhe t i d eta lj in om  tid stram f ör L P l edn ing  (1 dyg n) u tan  att  beh öva  
stö d f rån L3.   
N B5  L3 Lä ge sinf o. 0 10 302 . O rder  om  in fo angå end e L L in kom  fr ån Div . 
Do kum entera des  i d en egn a, s kapade  "lig ga ren" . Fö rdes d äref ter in i  den  
e gna  kartbi lden  i I S M ark .Di v, L 1, 010 302 . Ko rre leri ng av inko mn a ra ppo rter  me d StriC  fö r at t bl i 
öv ere ns om läge sup pfa ttni nge n
A llm änt. T rat t sa kna s
N B5 , L1,  0 10 303 . B ekä mpnin g/nä be k (f inns  en app lik atio n i Ma rkIS  ge nom förde i re alti d m otsv .

NB 5 , L 3, 0 10 301 . Med de land eha nte rare ns kon stru ktio n g ör att upp följ ning  
av inte rn k om mu nik ation fö rsv åra s:
A) D et går  ej a tt t a bort m ed d
B) Ö pp nad e m ail ser ut a tt v ara  öp pna de ( brevsy mb olen )
C) Me dd  som  ej  når  avsed d m otta gar e h amn ar i led nin gsl age t. (T nr 011 545  fanns  16 87 mai l i l edning slag et i nko rg) . Hu vudde len med  sy mb olen fö r 
oöp pna t.
D) D et g år e j at t re digera nam n i  adr ess lista .
E) Om  ma n s kick ar ett med d ti ll e n fe lak tig adress får m an  ej felm eddela nde .Div. L3  L uft/ Nä rbe k.. 010 301 .  Ske dde  ge nom  pr omena d til l V :et elle r 
anna n fu nkt ion shy tt altern ativ t ts -sa mta l til l L1.
Div L 1, 010 302 . P å grund  av  ej fung era nde  samba nd har  "al l" L V-info  gåt t 
via tele fon  till  str ibef  und. K on sekv en s: In fo dokume nte ras  i an tec knings bok , funkti ons lag anv änd s ej ful lt u t.
Div L 1, 0 10 302 . Å sikt  i L3 S triC : S trib ef ä r av  uppfa ttni ng a tt m yc ket som  
gått til l ho nom  ku nd e gått d iee kt ti ll fu nk tion slag.
Div L1 ,  0 10 302 . Åsi kt i  L3  StriC: Div isio nen  är nu fokuser ad på L L. Me r 
info b ord e gå  til l L1 /L2 ist älle t fö r hi t.Div, L 1, 0 10 302 . V er ifier ing av luft lan dsät tnin gsp lats ge nom  at t ri nga  upp 
NB 5 .
Div, L 1, 0 10 302 . C  LP  vil le veta  läg et v id S triC  g enom a tt ri nga  dit , 
använd e m obi ltel efon .NB 5, L 1, 010 303 . Ko nta ktar  L3  oc h vill ta  kr aftta g o m k rigsför ban dsl äge t 
(hänv isn ing  till  den  up ptäckta  ak tual itet stab lån) T illg äng lig t abl å verifi era s 
med b esö kan de batc h v ilken k ons atas ter ar a tt den s kul le v arit  ak tuell fö r 
trettio  tim ma r se n ( ank om för  en halv tim me  sen.Div L 3 L uf t/N ärb ek 010303 . Kom m unic eras; 1 ) "t ill s ig s jälv ", 2) D UC  
eller 3)  Str ibe f.

D iv.  L3  Lu ft/N ärbek .. 0 10 301 . In gen  så dan  pro ces s kund e up ptä cka s
Di v L3  Lu ft/N är bek 01 030 3. Ori ent era de sitt  Str ibe f m un tlig t.

Div. L3  L uft/ Nä rbe k.. 010301 .  Pri orit eras  eft er o rdn ingen:  Eg na s ens ore r 
och d äre fter  ege n m öjl ighet ti ll b ekä mp ning .
Div L 3 L uft /Nä rbek 0 10 303 . Prio rite rin gen  ske r i den  tot ala info ma ssan 
röran de d en akt uell a hä ndelse n, i nte prio rite ring rö ran de fler a hä nde lser.

Div . L3  L uft/ Nä rbek.. 010 301 . In gen  så dan  pro cess k und e up ptä cka s
D iv, L1,  01 030 2. Viss  pla ts p å k arta n sökte s g eno m k artv erktyg  i IS , se dan  
öv erf örin g p å tr adition ell kart a
Div , L 1, 0 10 302 . Te lef onnumr et t ill C  N B 5  söktes , i a vsa kna d a v tryck t 
divi sion s-I TK  leta de C L P i  filt räd/ Led syst, m en fan n en das t in tern s tab ska talo g
Div , L 1, 0 10 302 . S am bandslä ge till DU C e fterfråg ad es, met od u ppring nin g
Di v, L 1, 010 302 . Eft erfråga des  om  rep lik ering fu ng erad e, f ör u ppdate rin g av  
l äge sbi ld. B eh ov att s e rö rel ser på bild för  att  avg öra  fu nkti on, till förl itlig het , a ktu alite t. " Ma n jagar  hel a ti den ."
Div , L 1, 0 10 302 . Hu r fu ngerar TS?  Sv ar sku lle ges kl 1 500  vi d et t möte i 
No tud den , av  fö reträda re T S / tek nike r
N B 5, L 1, 010 303. For mu lera s verba lt r elat ivt aktu ali tetstabl åDi v L 3 L uft /Nä rbek 0 10 303 . Fo rm uler as som  mu ntl ig f råga  till de  and ra i 
hy tten .
D iv L 3 L uf t/N ärbek 010 303 . Tog  själv fram  vä gal tern ativ i I S M ark .

Resultat a na lys a v 
info rm ationsläges proce ssen

LSÖ-01  (v er 0.1)

Seda n 1 99 4 u tv ecklar  ar mé n e tt n yt t takti sk t le dn ing
inform at ion s- och  beslu ts stö dsy ste m även om fat
lednin gs pla tse r o ch led ni ngs me to der  inom  ra me

ssyste m som  f öru to m sam ba nd sut rus tning , 
tar  ut veckli ng  av  ny a l edn ingsf örb an dso rg anisat ion er , 
n f ör projek te t A TL E.  Un der p ro jek tet s g ång ha r m an  v arit  

angel äg en att  ha ntera alla  o lika  k rav specif ika tio ne r fr ån de ssa  as pek te r av  ledn ing , d vs ej enbart  
sam ba nd ssy ste met u tan  äv en  m ålsä ttnin gar , o rga nis ation , ar be tsm eto de r etc.  En  m eto d som m an  dä rv id v alt 
att a rbe ta  me d f ör att  ku nn a h an ter a olik a p ers pe ktiv  har v ar it g ra fisk  m odelle rin g. Ar bet et har  re sul ter at i 
ett a nta l m od ell er me d ti llh öra nd e s pecifi kat ion er,  bl . a mo de ller  öv er  ̀m arkst rid _, ̀ be käm pnin g_ , 
_infor ma tio ns läg e_ oc h ̀l ed nin gsp la ttform _. Må lsä ttn ingen  ha r v ari t a tt d essa s ku lle  an vän das s om  
unde rla g v id såv äl prö vn ing  a v o lik a dels yst em  so m vid ut for mn ing  a v te knisk a p lat tfo rm ar. D en gen er ella  
ansa tse n ä r d ärf ör att  le dni ng ssy ste met u tve ck las  ge nom a tt teo ret isk a m odell er utg ör  un derlag  fö r f örs ök  
(UVÖ , LS Ö) . D ärefte r v ida reu tv eck las m od elle rn a g enom  att  in sam la  oc h ana lys era  er far enhete r f rån  
försö ken  fr ån  frä mst L SÖ  o ch UV Ö . Und erl age t u tve cklas  dä ref ter  til l sa mord nad e sty rdo kume nt för  
utve ckl ing  av  le dn ingsm eto dik , t ek nik, o rga nis ati on och r egl em ent en . S åledes  sk all  ge no mföra nd et o ch  utvä rde rin ge n a v LSÖ  0 1 ä ve n s es i sam ma nha ng et med ö vr ig u tv eck lin gsver ksa m het  un der 2 000  - 20 01 . 

AT LE  oc h T ot alf örsva ret s fo rsk ni ngsins tit ut,  FO I, samar be tar  i s yft e a tt utve ck la me tod er för  
mode llb ase rad  u tvärde rin g av stö rre  komp le xa sys tem . De t be dö ms  nö dv ändig t a tt e n s åd an me to d b ase rar  
sig p å att för sv arsma kte ns eg en per sonal , i huv ud sak  offic er are , sv ar ar f ör de t p rak tis ka arbete t m ed  
krite ries ätt nin g,  da tainsa ml ing  oc h a nalys  ge nte mo t m odel ler . 

Fram fö rall t h ar för söken  be dri vit s i samba nd  m ed  led nings sys tem ö vni ng arna ( LS Ö)  De t c entra la i  de ssa  
övnin ga r ä r at t d elt agand et ska ll å ter spegl a d en  de l av  vårt  to talf örs va r so m sk all öv as,  me n i huvud sa k  
bygg a p å s pe lgr upp er fö r st ab er,  för band  oc h f unk tio ner. U n der  LS Ö  01  delta r e tt b eg rän sat an ta l fö rba nd  
geog raf isk t r ikti gt och m ed  fu ll b em annin g. I ö vn ing en de ltar  en da st den  trup p, c ivi l p ers onal o ch  m ate rie l 
som o un dg äng lig en  krävs  fö r a tt s ka pa rea list isk a l edn ingsf öru tsä ttn ing ar  i aktu ell t ö vn ing sområ de . Ö vn ing  
LSÖ  01  av se s i huv udsa k b erö ra  led nings för ba nd oc h stab er ino m 1.D iv  (-). T er rito rie ll v erksa mh et,  civ ila  
funk tio ne r, f lyg - o ch m arin  v erk sam het, op era tiv a fu nktio ne r s am t o per ativ le dn ing  k om mer a tt s pe las . Strä va n ä r at t p rio ritera de fun kt ion er, fra mf ör  all t se nsorf un ktio ne r i nom  und err ätt els e- o ch 
bek äm pn ing sfu nk tionen , s ka ll k un na spe las  på  et t r ealisti skt  sä tt. Sce na riot u nd er L S Ö-0 1, so m bed re vs i 
ledas i om rå de t J OK KMO KK  -  H AR ADS - B OD E N - L ULEÅ , v ar  fra mt aget i  sy fte  at t ut göra en gru nd  
för att  ge no mf öra  o perati v le dn ing  vi d VA . S yft et v ar  såled es int e a tt p rö va op era tiv a p rin ciper elle r p lan er . 
Angri par en  är up pb yggd på kän da  st ruktu rer  oc h m at eriel s om  b edö ms  v ara op era tiv  20 04 . Sce nar iot  ut går  
från e tt v äp nat  an gr epp in om  e tt o mr åde m ot sva ran de  N orrbo tte ns län , o ch avs er öv a ( led ning a v) str id i 
suba rk tisk  m iljö . I nom l ed nin gsm et odiko mr åd et ska ll i nterak tio ne n m el lan di vis ion sst abe n och  
ledn ing sfö rb and en  spec iell t ö vas .

Unde r ti dig ar e g eno mför da LS Ö har  ambi tio nen  v arit  at t anvä nd a s tab sin struk tör er för  da tainsa ml ing  på  
stor  bre dd  i s yf te a tt erh åll a u nde rla g för  ve rifi eri ng av någon  u tva ld ver ksam het sm od ell.  Den gen er ella  
meto dik en  be sto d a v ett inle da nd e m omen t d är de n u tva lda m od elle n kri teriesa tte s o ch  ett  
obser va tio nsp ro tok oll ut arb eta de s m ed kr ite rier na  so m under lag . In fö r e n LSÖ  u tbi lda des  däre fter  förba nds ins tru kt öre rna på  p rot ok olle t och  fö rvä ntn in gen  var a tt erf ord erl igt un de rla g fö r analys  av  
mod el len s g ilti ghe t sku lle ink om m a. Uta n ö ve rdr ift mi sslyck ad es ans ats en då  en da st e tt mycke t b eg rän sat  
data un de rlag  in ko m. Or sak er na be döms fra mf öra llt be ro på att  arb et sin satsen  at t d oku m entera  
obser vat ion ern a var  alltfö r o mf att and e i re lat ion  til l fö rb andsin str uk tör ern as öv rig a u pp gif ter. V ida re var  
inra ppo rt era t u nde rlag i  fö rst a h and  av " tak tis k" nat ur och b esk rev  in te de eft ers ök ta pro cesse rna .

Fortfa ra nde  fö rel igg er de t d ock  et t b ehov av att  sk aff a e mpiris kt  un de rlag  till d en  fo rtsa tta  
verk sam he tsm o del lering en  då  Ar mé ns fra mt ida  le dn ing ssyste m ko mm er  till st or del  at t ba seras  på  de  
mode lle rin gar  so m genom fö rs.  E n m etodi k s om  un de rlä ttar å ter kop pl ing  av pr ak tisk a e rfa renhe ter  er hål lna  
vid ö vn ing ar till de  kravs pe cifi ka tion er so m mo de ller na utgör  sk ull e b edö mnin gsv is mi nsk a risk en  att  
eve ntu ell a " fel akt ighete r" elle r m in dre ly ck ade  av vä gn ingar im ple me nte ras i d et  lev er era de sys tem et .
U nder  LS Ö ha r d ärför e n ans ats  m ed ett  m ind re ant al o bserv at öre r, s åv äl FO I-p ers on al s om  offic era re , 
p rövats  va rs hu vu dsakli ga up pgi ft v arit a tt sam la da ta a vseen de  de n u tv alda m od ell en . 
A rbetet  av gr äns ad es till ide nti fie ring  och be skr ivn ing  av  Läg esin fo rm atio nspro ce sse ns  de lpr ocess er o ch  
b idrag sgi vn ing ar samt h ur uv ida  de ssa le dn ing spr oc ess er och  le dn ing sm etode r s töd s a v I S M ark 1.0 .

Mod el ler ing

Med  sta rt tre  m åna der in na n f unk tio nspro ve t g eno m för des en  m od ell erin g där  fö ret räd are  från  AT K  oc h F OI  
delt og . S yft et me d dett a a rbe te var  att i mo de llfo rm  be skriv a d e v äse nt ligaste  d elp roc ess erna i läge sin fo rma tio ns proce sse n s am t a tt till des sa pro ce sse r utfo rm a m ät kri terier . 
Tot alt agn ad es de l av tv å d ag ar till  arbet et. Vi d d et för sta til lfäl let  led de  en  d isk us sio nsl edare frå n F OI  
arbe tet me d m o del lering  oc h u tfo rm ning av frå go r. S pe cifika tio ner na  ge nomfö rd es i g rup p och  
d okum en ter ade s f ortlöp an de  i M S  Word  g eno m  dis ku ssions led ar ens  fö rsorg . M ed  hj älp  av  en 
videop ro jek to r k und e sam tli ga ta del  av oc h k om m en tera  doku m ent ati one n.  
Tre sty ck en mo de ller id ent ifie ra des  som int res ant a a tt följa u nd er LS Ö- 01. E n s om  re dan  fann s fr am tag en  
ino m AT LE :s  ve rks amhe tsm od ell eri ng oc h d ess uto m  tv å proc ess er  so m i nte tid ig are  m od elle rats. Red an  
fram tag en  m od ell var _D ef ini era  lä gesinf ob eho v_  oc h de and ra  be näm n des _ Fö r d e t re m odel ler na,  de ls d en  
av AT LE  t idig ar e d efinie rad e o ch  de ls de ov an fra mta gn a, spe cif ice rad es  för re sp ekt ive  de lproc ess  fö ljan de  
ope rat ion ali ser ing ar: 

Vilka  ä r de lp roc ess ens v ikt iga ste  m ålsättn ing ar ?
V ilka ar be tsm eto de r är m öj lig a a tt a nvänd a f ör  att  up pf ylla m åls ätt nin gar na?
Vil ka kri ter ier  bö r v ara up pf yll da för  att de lp roc ess en  sk a nå s in må lsä ttn ing?
D en fra mt ag na mo dellen  ri tad es dä refter ut på pa ppe r i  form at 3 4 gån ge r 100  tu m. Vi d d en  andra  
arb etsda gen  b ear be tades mo de llen  i grupp  di rek t p å u tsk riven  mo de ll i  pa ppers for ma t. De t hu vuds akl iga  
sy ftet m ed  de nn a a rbetsd ag  va r a tt kontro lle ra att  m ode llens de fini tio ner  över ens täm d e m ed  ATL E:s  
te rmino lo gi.   

R esult ate t a v d en  geno mfö rd a m od elleri ng en vis as län gst up p i  m itte n p å den na  pl ans ch . D elproc es ser nas  
d efiniti on er r ed ov isas ra kt un der  re spekt ive  pr oce ss . 

Data in sa ml ing

M ed en  fö rm ins kad  vers ion  av  m od ellen s om  u nde rla g g enom fö rde s d ata insam lin g. Mo de lle ns def ini tio ner  av  
arb etsme to der  ut gjo rde v ägl edn in g f ör vilken  in for ma tio n och  vi lka  hä nd elser s om  sk ul le r eg istrera s. Nå gra  
m er str uk tur era de  formu lä r el ler  frå ge ställni ng ar utf orm ades  int e. Vid ar e geno m för des  in te heller  nå gra  lä ngre s tru ktu re rad e inte rvj uer . I stä llet  förde lad e s ig ob servat ör ern a p å o lika l edn ing s-  oc h s tabsp lats er för  
at t vid v arj e t illf älle  unde r n åg ra t im mar fö lja  re lev an ta a rbets pro ce sse r. H ände lse r, a rb ets rut iner, i nci en ter etc  
so m ku nd e tä nk as  belys a d e e fte rsö kta  verk sam he tsp ro cesser na  no ter ad es. Vi d b eh ov oc h o m det ta var  
m öjlig t k un de ob servat öre n s täl la någ ra ko rta re frå gor .

Anal ys  av  d ata

Dy gnsvi s g eno m för des en  re do vis nin g a v dag en s d ata ins amlin g i nom  a na lyslag et.  Ob se rva tio ner 
do kume nte ra des  oc h sor ter ade s e fte r m odell ens  up pd eln ing. E ft er v ar je r edov isn ing  fö ljde  e n kort are  
di skuss ion . O m ytt erliga re syn pu nk ter  framk om  v id dis kussio ne n n ot era des äv en  de tta  in  i m odell en . E fter  
m ötets slu t in fö rde s note rin ga rna  i mo dellen  so m sed an  tryck tes  ut  fö r a tt utg öra  un de rla g f ör näs ta dy gns  
re dovis nin g. Sa mt liga d ess a n ota tio ne r återf inn s r ak t un der r esp ek tiv e d efiniti on en för  re spe ktive  de lpr oce ss . 
S amma nh äng an de  "kedj or av  hä nde lse r är m ar ker ad e i samm a f ärg .

E fter n ågr a d yg ns  datain sa ml ing  på bö rjades  et t sa mm a nfatta nde  an al ysa rbete.  D etta  g eno m fördes  in om  
ana lyslag et  me d d e dokum en te rad e e rfa renhe ter na som  g rund.  D isk uss ion en åt erf inn s ra kt  un der n ota tio ner  fö r resp ekt ive . S lut ligen har  äv en  en  m er sam m anh än ga nde d isk uss ion  ge nomf ört s. De nna  re dovis as län gst  
ti ll hög er på  de nna  plan sch .

Me to d

B akgr und

Un der ö vni ng en har  prob lem en  at t e rhålla ett  go dt agb art  
sa mband  m ed  M ark IS ha r a vse vä rt p åv erkat  mö jli ghe ter na att  
f ölja u pp  de nn a d elproc es s. I  st or om fattni ng har  res ervme tod er  ut nyt tjats. De ssa  är  do ck  inte t illr äck lig t b ra för  
a tt ku nna  m öta  et t funk tio ne llt beh ov . PC- dar t b or de kunna  
va ra ett  läm pl igt  re servfö rfa ran de  so m även till vis s d el kunde  
utv eckla s ti ll a tt me r integ re ras  i M ar kI S. Til l ex em pe l k an det  
v ara m öjl igh et att  skick a k or tare  p rog ramk od  i P C- dar ts fria  
fo rmat . P rog ram k od so m s ed an ka n fö ras in  i Ma rk IS för att  
e xemp elv is f lyt ta symbo ler . P å s å s ätt  kan m an  fo rts ätt a med  
enk lare o pe rat ion er i Mar kIs  äv en  vid  e n ned gån g i  TS  9 000.   

En das t e tt tyd ligt  ex em pe l på a tt m an  ta git  ett ö ver gri pan de  
pe rsp ek tiv på  at t sa mm an ställa  oc h dok um enter a d et  tot ala  
i nfo rm ations be ho vet . E xemp let rör  di vis ionss tab ens  
s am ve rkan m e d O PI L. Förbe red el ser na för de tta  bö rja de  red an 
ve ck a 5  vilke t e fte rha nd  växte  fr am  til l en  plan . 
De tal jfor muler ing ar na gjo rdes und er  de  tv å sista  dy gn en  inn an  
sa mv erk an. A rb ets gån ge n var do ck int e a tt man  fö rst  
sam m ans tällde  in for ma tio nsbeh ov et för  att  seda n s ätta  ih op  en  
pla n. Ist ället b ör jad e m an  med att  pl ane ra för sa mv erk an  
ut ifrå n förvis sni nge n att man s ku lle ha  inf orma tion sb eh ov vid  
til lfäl let  för sa mv er kan . U nder  ha nd so m p lanen  vä xt e fr am  
fr am ko m ock så  inf or ma tionsb eh ove n.  Un der ö vn ing en  ha r v i 
in te k un nat se  nå gr a t eck en på  at t m an  ha ft en a mb iti on  att  ha  
ett  öv er gripan de  gr epp  p å info rm atio ns be hovet . Is täl let har  in for ma tionsb eh ov et b eh andla ts f un kti ons vis. T ill sto r d el har  
st ribe f f unktio n var it " tra tt" oc h k la ssa t in forma tio ns beh ov  
en lig t fö ljand e p rin cip :
1 ) In fo rmatio ns be hov  so m int e b eh öv erb esvar as ( filt er) .
2) Inf orm ation sb eh ov som  han  ka n b es var a d irekt ele r e fter  
d ire kt samnv er kan  m ed  annat  fu nk tio nsb efä l i sam m a r um .
3 ) In fo rmati ons be hov  s om ha n l ott at v id are  till in div id , 
fö rb and  eller  fu nkt ion .    

De t ve rk ar inte  finna s n åg on  ty dlig m eto d elle r b ra  verkt yg för  
a tt b est äm ma  vem  so m "äg er"  infor ma tio nsb eh ov et. En  
läm pl ig upp de lning för  at t d efi niera " äg an de"  av  inf orm a tion sb ehov kan  v ara  at t klass a i nfo rm ati on sbeho vet  
u tif rån :
1 ) I nfo rm ati onsbe ho v s om  u ppstår  ut ifrå n ege n p lanlä ggn in g
2) Inf orm a tion sbeh ov som  u pp står u tifr ån  fö rfrå ga n från  
si do ord na d e ller D UC
3 ) I nfo rm at ionsbe ho v s om  u ppstår  ut ifr ån ord er . 

I ngen såd an  fo rm aliser ad elle r s tan da rdiser ad pro ce ss har 
ku nnat i den tif iera s. Överh uv ud tag et ve rkar d et var a e n r ent 
m enta l pr oc ess  he lt avh än gig  av  of fic erens erf are nh et o ch s kicklig he t. På för frågan  k an de  of ta r edovi sa vil ka pri nciper  
en  ev p rio rite rin g s ker ef ter . D es sa v ar ierar d oc k f rån  o mråde  
til l områ de  vi lkk et kan g öra  de t s vå rt a tt utfo rm a ett ge nerellt  
ve rktyg för  at t d ok ument era  pr ior ite rin gar.

Ing en såd an  fo rmalis er ad elle r s tanda rdi ser ad pro ce ss har  
kun nat  id ent ifie ras. Ö ve rla g f orm ulera s d et  so m e nk la frå gor .

I ng en såd an  form alis er ad elle r s tanda rdi ser ad pro cess har  
k un nat  id ent ifieras .

Un der ö vni ng en har  prob lem en  at t e rhålla ett  go dt agb art  
sa mband  m ed  M ark IS ha r a vse vä rt p åv erkat  mö jli ghe ter na att  
f ölja u pp de nna  de lproc ess .

Un de r ö vni ngen har  pr ob lem en  att e rhå lla ett  go dtagb art  
sa mb and  m ed Mark IS  ha r a vse värt p åv erk at  mö jlighe ter na  att  
f ölja  u pp denna  de lp roc ess .

D et finns ing en lån gs iktig p lan er ing  av  
i nfo rmati on slä ges pla nerin g. A k uta  in for matio nsb eh ov  ha nteras  
en ligt  princ ipe n "ur  ha nd i m un " i  re spe kti ve fun kt ion .

Någo n str ukt ure rad p roc es s fö r a tt gö ra i nfo rm ati on sbeho vet  
över  tid en  till gä nglig för  all a h ar inte k un nat  id ent ifie ras.

Un de r övni ng en har  pr oblem en  at t e rhå lla ett  go dt agb art  
sa mb and m ed  M ark IS  har a vse vä rt p åv erk at mö jli ghe ter na  att 
fö lja  upp den na  de lpr ocess . N är inf orm ation  in te kun de  
ha nte ras vi a M ar kIS   k omm un ice rad es läg et i hu vu ds ak via  
fö lja nde k an ale r; 1 ) p eriod vis  "u nd rap port"  via  m ail , 2)  
"fl yga nde l äge sb ild"  v ia inko m ma nd e te les amtal , 3 ) v erb alt  till 
pe rso ner fr ån  NB :s  fu nktion sla g som  k omme r t ill hyt ten .

Fö rf arand et i nne ba r e n kraf tig  be las tni ng på St rib ef. Åt erig en 
p åp ekas b eh ov et a v ett res erv sy ste m s om  kan ha nte ra dig ital inf orm ation . P C- dar t ä r ett s åd ant  re dan  ex istera nd e s yst em  
so m det ty vär r ä r g en omgå end e l åg fär dig het p å. M ö jlig he ten 
a tt v idart eut vec kl a sy stem et b ör  oc ks å ö vervä gas .

P rinci per na för  at t h antera  ro lle r b ör ses öv er . Sä rs kilt  på 
led nings pla ts där  in div idern a fl ytt ar run t myc ke t u pps tår  
p roble m me d a tt bev aka o ch  nå  rä tt r oll. 

HP  A T L E A G  D o k

D i s kussi on 
del processvi s

Definition of the models sub 
processes Hypothetical model 

Results on each sub process Compilation of raw data Discussion 

Introduction and method 

 60



 

7.4.6 Feedback of result during a planning phase 
 
In the planning phase of a series of successive experiments, results from earlier experimentation 
should be considered. The purpose of this phase is to define a basic research design which, at least 
to some part, is based on earlier experiments. The essence of the research design is a definition of 
what to study and how to do it. Thus, results from earlier experiments is an important input in using 
modeling as a tool to define evaluation measures, an issue discussed in chapter 4. However, a more 
specific procedure on how to use recorded data from earlier experiments is still to be defined. 
 

7.4.7 Feedback of results during a Pre-Action Presentation 
 
The purpose of this phase is priming of participants, analysts, and observers before an experiment. 
To achieve this, a variety of procedures are possible to use. One source of such preparation is 
presentation of data and results from earlier experiments. 
 
Military units can prepare a mission by using data and course of events from previously performed 
similar missions in a Pre-Action Presentation (PAP). In the PAP, strengths and shortcomings from 
previous missions can be visualized, discussed, and analyzed with the aim to improve coming 
performance. We argue that this is applicable for experiments as well. The audience in a PAP for 
experimentation can be the operators, who can assimilate previously gained experience to improve 
performance in the experiment, but an equally important group of recipients of the PAP is the 
allocated observers. Observers of an experimentation exercise must have detailed knowledge of the 
studied organization. Observers who lack experience of either method or domain must be treated as 
novice observers and be prepared accordingly (Jenvald et al., 2002). Methods for using data and 
results from previous experiments in a PAP need to be developed. 
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8 Conclusions and future work 
 

8.1 Rationale of our work 
 
The rationale for our work have been that experimentation is an important feature of the Swedish 
Armed Forces’ transformation from being invasion focused to a flexible network-based defense 
with battle groups capable to participate in international operations. Evolva has been carried out 
between 2003 and 2005 with an aim to develop knowledge on tools and procedures to support this 
and forthcoming transformation processes with experimentation. The project has had a focus on 
development of military command and control but we argue that experimentation is applicable to 
other areas, such as effect evaluation, as well. The project has been inter-disciplinary with a mix of 
competences from behavioral science, engineering, and military operation analysis. 
 
Considering the high costs of developing military systems, the experimentation process should aim 
at a high degree of scientific rigor and professionalism. Our work has focused on developing a 
”practice” based on a scientific approach to conduct experimentation. The basis of our work has 
been the hypothetical-deductive approach to science as described by Hempel (1952, 1965, & 1966). 
Such an approach implies that the organizations’ ”best guesses” about what they think would be 
proper solutions on identified problems should be experimentally tested. Put in the context of a 
development process, a series of related tests and experiments, referred to as “experimental 
campaigns” (Albert & Hayes, 2005), is normally necessary. Thus, development is seen as an 
iterative design process of formulating hypotheses, contrasting them in various environments, 
turning back to the initial expectations for evaluation and revision, and generating new hypotheses 
to be contrasted in additional simulations. 
 
Some of the problems of experimentation considered in the project have been that the research 
problem is often relatively vague and not theoretically well developed. Another issue is limited time 
and resources making it necessary to find efficient ways to work. Finally, exercises in an 
experimentation campaign are often used for several different, sometimes conflicting, purposes.  
  
We have assumed that the development process is in general initiated with some kind of problem or 
idea, often very vaguely formulated. In order to make the problem or idea explicit we suggest a 
modeling approach using multi-disciplinary domain competences to define hypotheses and test 
settings. Experimentation always includes some kind of data collection as data is the information 
gathered which is assumed to represent the characteristic of the studied phenomena. In order to be 
able to do this as efficient as possible, we have explored network enhanced possibilities for data 
collection. Another important issue has been to explore and develop alternatives to ”highly 
formalized laboratory experiments” and “field exercises” as test environments. Finally, in order to 
enhance feedback of results from experimentation we have studied alternatives to the traditional 
research report to transfer results to clients. In practice, we argue that the suggested process is 
equivalent to the term “concept development and experimentation” (CDE).    
 
In the following sections we discuss the projects achieved goals, aspects of the scientific procedure 
covered by the project, and possible future work.  
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8.2 Achieved goals 
 
One of the goals of the project was to generate a well documented body of research by publishing 
results from the studies on methods conducted in the project. During the project, and including this 
report, 15 different scientific publications have been presented. Most international publications are 
included in proceedings (see section 2.2.1). The proportion of peer-review journal publications 
could have been higher. It has been a matter of balancing resources between running experiments 
and publishing scientific documentation. The time needed for acceptation of publication in peer-
review journals is normally higher compared to proceedings and FOI-reports. The consequence of 
increasing the number of publications in journals would probably have decreased the number of 
experiments. However, it must be emphasized that a peer-review procedure is always carried out 
prior to acceptance in proceedings and scientific FOI-reports. This was considered to be a “good 
enough” quality assurance of work undertaken by the project. 
 
Another important contribution to the body of research is of course list of references in this report. 
 
The other goal was to create an education package on research methods for officers working in 
development projects. The course was given the first time between the fall of 2004 and spring of 
2005. The students performed well (7 of 8 students were graduated with excellence grades). A 
compilation of the studies performed by the students is published in Wikberg, Strangert, & 
Danielsson (2005a). The students feed-back on the course have been very positive. The evaluation 
of the first course is published in Wikberg, Strangert, & Danielsson (2005b). The students of the 
first course have also been requested as resources to different experimentation activities, for 
example the SAF demonstrator program and the NATO Viking -05 exercise.  
 
A second run of the course is planned to start in the spring of 2006.  
 

8.3 Modeling of experimental design 
 
We argue that our approach to use modeling as a mean for conducting the problem analysis seems 
to work well. End users and other system experts can be engaged in the work of defining the 
research design without the procedure being to time-consuming.  
 
However, the tools used to support the modeling process need further development. Products from 
the modeling of research design, such as instruments of measurements, should be operationalized 
and tested in practice as soon as possible. For example, instead of making a prototype of a 
questionnaire in MS word, the prototype should be constructed directly in digital questionnaire 
software (see section 6.4.1). This will enable an immediate testing of the questionnaire design. The 
same principle should also be applicable for other kinds of instruments of measurements such as 
system registrations or observer protocols. A related issue is to enhance the possibility to conduct 
the modeling with a minimum of face-to-face meetings in order to optimize the use of resources.     
 
Another experience of the project is that participants of the modeling should be assigned roles in 
accordance with their competence in the context of a scenario. A study (Holmström, 2003) have 
shown that in modeling participants assigned with such a role, the participants knowledge also 
contribute to the final result in a significantly higher degree. Thus, an interaction structure based on 
roles would make modeling sessions more efficient, and would be the preferred strategy when 
modeling complex systems. 
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We also argue that the notion of “discovery experiments” by Alberts & Hayes (2002) is somewhat 
unfortunate. They make a distinction between ’discovery experiments’, ’hypothesis testing 
experiments’ and ’demonstrations’. Discovery experiments refer to the initial exploration of an 
unknown area. Hypothesis testing experiments are the classic type used by scholars to advance 
knowledge by seeking to falsify specific hypotheses or to discover their limiting conditions. 
Demonstrations are the illustration of a known fact or effect comparable to a teacher demonstrating 
a known law of physics. However, our experience is that the term ’discovery experiments’ is often 
used as an excuse for “sloppy” experimentation based on an argument of the type of “We don’t 
know enough so we just do something and see what happens”. In practice that often means to skip 
the problem analysis. We argue that this is a major mistake in experimentation. It is also a 
misinterpretation of Alberts & Hayes intentions (2002) of the nature of the discovery experiment. 
They specifically point out the need of a model to guide experimentation:       
 

“Failure to develop an explicit model of the problem and processes under study also 
makes it very difficult to run a successful experiment or campaign of experimentation. 
The approach that, “we’ll try it and see what happens,” almost invariably means that 
the experimentation team will have an incomplete or erroneous data collection plan. 
As a result, they will have a very difficult time generating meaningful empirical 
findings. Even discovery experiments should be supported by a simple model of what 
the team believes is important and the dynamics they expect to observe” (op cit pp. 13-
8). 

 
As mentioned before, a basis for our approach to the problem analysis has been to define the 
clients’ ”best guesses” as hypotheses. Alberts & Hayes (2002) suggest the use of propositions 
instead of hypotheses in discovery experiments “because the level of knowledge is not yet mature 
enough to state the problem as formal hypotheses” (op cit pp. 6-2). However, this distinction 
between propositions and hypotheses is vague. A practical development project should be able, at 
least to some extent, to define the “best guesses” of what to expect as a result of their work. It is 
hard to imagine a developmental project that is unable to formulate such hypotheses even early in 
the project. If not, it might be an indication that the project has a lack of focus. To label these “best 
guesses” propositions or hypotheses are in practice merely a semantic matter. In the worst case, it is 
used as another excuse to skip the problem analysis.       
 

8.4 Test environments 
 
We have explored a variety of test environments mainly focused on the middle ground of the “space 
of test environments” illustrated in the model suggested by Gist, Hopper, & Daniels (1998) 
presented in chapter 5 (figure 5:1).  
 
The results from our studies indicate that the use of commercial computer software has proven to be 
promising as a low-cost substitute to real military exercises. The difference in level of investment 
between a commercial product and tailor-made software or real exercises are substantial. Another 
major advantage is the insignificant need of system maintenance as new products continuously 
enter the market. The low cost also makes it possible for every type of unit to choose among a set of 
simulated environments in different software, thus tailoring the simulation to the purpose and nature 
of the test or exercise. As our experiments on PC games indicate, the environment is good enough 
as a simulator for hypothesis testing. Thus, combining simulated battle in commercial software with 
the use of real C2 systems is recommended as an effective and realistic enough resource setting for 
research on C2. As a final note, we would like to stress that we have not explored the use of 
commercial computer software as a tool for training. Thus, we recommend cautiousness before 
generalize our finding to use PC software for training.  
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Another conclusion rises from the fact that exercises in an experimentation campaign are often used 
for several different, sometimes conflicting, purposes. Large scale exercises often have to be 
adjusted in relation to the planned execution. Changes in scenario and procedures might of course 
corrupt the experimental design unless they are a part of the design. As the action research tradition 
is based on planned change, our experience is that this tradition is often the most applicable 
approach in large-scale experimentation when using an experimental strategy. Note that the 
recommendation is only valid in case it is possible to implement changes during a series of 
experimental runs within an exercise, such as during a demonstrator exercise. If a case-study 
approach, where an experimental strategy is to be used, the exercise must have a prioritized focus 
on experimentation with a minimum of changes of conditions. To adjust to this problem, we 
recommend a combination of data collection in larger settings and smaller case studies as described 
in case 7A. If an observational strategy is used both case studies and action research is applicable.  
 

8.5 Data collection 
 
We have explored network-enhanced technology to enable the compilation, processing, and 
analysis of data during ongoing exercises. As a result, vast amount of data collected during an 
experimental exercise must be filed, retrieved, and analyzed. The task of finding the right data in an 
overwhelming data set might of course be time consuming. We have used the data matrix, described 
in section 6.3, as a prototype to link the measurement model with collected data. We have also 
made some initial work together with the MARULK project on a tool to make the connection 
between hypotheses, data, and conclusions traceable (see figure 8:1). Problems concerning data 
analysis have not been fully covered by this project but we recognize the need of development of 
this area. The primary problem does not concern the theoretical considerations of data analysis such 
as statistical methods. The problem is the rather pragmatic issue to avoid being overwhelmed by the 
vast amount of data. 
 
Another major restriction is bandwidth on the local network which limits the possibility to have 
“on-line” access to streaming data. The data collection strategy must be “selective” in order to 
optimize the use of available resources. To use predefined measures based on the measurement 
model is the principal strategy to address this problem. Another methodological solution is to use 
designated observers to locate relevant data. The observers use a network connected observation 
tool which in time and space pin-points relevant events. This tool is not yet fully functional but 
initial studies have been undertaken. 
 
Finally, we would like to stress that even if data collection is digitized, the need of control for 
reliability and validity of data is even more present. For example, unforeseen flaws in data 
collection software might severely corrupt data. Precision and rigor in experimental control is as 
relevant as ever.  
 
8.6 Feedback of results 
 
In chapter 7 we have suggested a process of feedback of results from experimentation divided into a 
number of phases. Each phase calls for different feedback products and services. We argue that the 
suggested feedback process will enhance the dialogue between analysts and clients. It will be easier 
to define the nature of the feedback product or service depending on the phase in the 
experimentation cycle. This makes it easier to avoid work that does not correspond to the need of 
the client. A summary of the suggested feedback phases are presented in table 8:1.  
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Only parts of the suggested model have been tested during the course of the project. Especially, the 
“during experimentation” and “After Action Review” phases has been explored. Our 
recommendation is that representatives of the client are integrated in data collection and analysis on 
a full time basis during an experiment. The “After Action Review” should be presented to as many 
participants as possible. We do not recommend a presentation to a limited selection of participants. 
Another recommendation is to avoid presenting the “After Action Review” as a “briefing of facts”. 
The core rationale of AAR is the dialogue with participants in order to enhance interpretation of 
results and to collect complimentary data.  
 

Table 8:1 Suggested feedback phases in military experimentation 
 

 

Phases Purpose Examples of feedback products or  
services  

During 
experimentation 

Comparison between conditions. Feedback 
in order to make changes between runs. 

1. Spreadsheets  
2. Database 
3. Predefined datasets 
4. Refined models 

After Action 
Review 

Interpretation of results from 
experimentation in dialogue with 
participants in order to make proper 
conclusions. Collection of complimentary 
data. 

1. Documentation of opinions on 
interpretation 
2. New hypotheses 
3. Preliminary results  

Post Mission 
Analysis 

Analysis of compiled data from AAR and 
experimentation in cooperation with 
domain experts.  

1. Enhanced testing of hypotheses 
2. New hypotheses 
3. Testing of hypotheses outside of 
the initial plan 

Experiment 
Conclusion 

Construction of a report in order to give a 
final feedback of results from the 
experimentation.  

Written documentation or oral 
presentation (Peer-Review paper or 
in clients organizational 
communication channel) 

Lesson Learned Compilation of experiences from previous 
phases to be used as a base for future 
interventions and actions.  

Searchable and dynamic database 

Plan Planning of interventions and actions 
based on experiences from previous 
phases (and experiments). 

Research design (new or revised) 

Pre-Action 
Presentation 

Implementation of interventions and 
actions trough a presentation to 
participants before next experimentation 
phase. 

Plan for analysis 

 
One characteristic that should be present in the feedback material is an evident link between the 
definitions of the problem to the interpretation of data. Interpretations of data made from a specific 
point of view should be obvious. If an earlier experiment has made a specific recommendation, the 
documentation should clearly state on which data and assumptions this recommendation is based 
upon. Initial studies to define a tool to enhance such documentation have been undertaken by the 
project MARULK, which is the implementation of the MIND framework in Swedish Armed Forces 
C4I Development centre, LedUtvC. These initial studies have focused on a tool to administer data 
related to hypotheses. The prototype of the tool is shown in figure 8.1.  
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Figure 8:1. Tool to administer hypotheses. 

 
The tool is based on a procedure which makes a distinction between data reduction, data analysis, 
and interpretation of results. Data reduction is the process of obtaining raw scores or characteristics 
from the raw data through consolidation, organization, and computing the descriptive statistics or 
qualitative characteristics of raw data. Data analysis refers to the computational procedure of 
hypothesis testing and estimation – does data support the hypothesis? Interpretation refers to the 
process of using the results from the data analysis to judge whether the results answer the research 
question and how this answer contributes to the knowledge of the problem domain.   
 
The top window presents the hypotheses or ”best guesses” defined in the measurement model of the 
relevant study. The window beneath presents the variables related to the hypothesis in question. In 
this case the main variable is creativity which consists of a set of sub-variables. The actual data 
sources used to measure these variables are visualized in the window to the far left. In this case, a 
number of different questionnaires, observer protocols, and log files were used to measure the sub-
variables of creativity. The purpose of the list of data sources is of course to create links between 
the data sources and the raw data in the database. In the window to the right of the data sources, 
preliminary results from the analysis of data are documented. In this case, data was mainly analyzed 
using the statistical tool SPSS. Finally, the two frames at the bottom are used to document the 
discussion during the interpretation phase together with complimentary information. 
 
The idea is that the hypothesis tool will be used to organize and compile important data collected 
during experimentation. The compilation constitutes a ”mission history” with a traceable link 
between hypotheses, data, and conclusions. It also becomes the entrance to the considerably wider 
set of data that has been generated during the experiment.    
 
Note that data and results used in figure 8:1 is not taken from an experiment where this tool was 
used. The set of data and results are just used for illustrative purpose and was chosen because the 
material was documented in English. The case is described in connection to figure 4:6.  
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8.7 Future work 
 
We have chosen to focus our work on a few selected issues of experimentation. We have also 
chosen a strategy to cooperate with other relevant projects in the C2 domain. These strategic 
approaches have had consequences on the outcome of the project.  
  
Data-analysis techniques and procedures are theoretically quite well developed in science and 
therefore excluded from the issues focused in this project. Note that we refer to data analysis as the 
step between data collection and interpretation, e.g. to statistically process collected data. Even if 
there are (or possibly needs of) development in inferential statistics, theories of nonlinear systems, 
and computational power of systems it was not judged to be a task for the project. Over time, as 
data-collection techniques have evolved, it became evident that this is an important area that needs 
to be developed in the future. As mentioned before, the primary problem is to avoid being 
overwhelmed by the vast amount of data. 
   
Another area that needs to be looked into is the development of "standard" measures on C2. This 
issue has been covered by other projects. Another reason to exclude this from the project was to 
accentuate the need of a unique problem analysis before any experimentation. We argue that a 
strategy of using the same standardized set of measures in all experimentation on C2 is a dead end. 
However, a "library" of measures anchored in relevant theory and carefully operationalized before 
every unique run of experimentation might be a valuable tool to support the problem analysis.      
 
The cooperative strategy meant that we have been able to accomplish a relatively large number of 
studies. As a consequence, the studied issue has varied between different experimentation activities. 
Aiming at developing standard methods for experimentation we found out that this was an advisable 
approach. The problems studied in the project include access to real-time information, automated 
sensor-information processing, delegation of command and control responsibility, and comparison 
of different ways to present a situational picture. However, the different experiments have, as 
compared to each other, had a nature of "one shot" trials with the only common theme of being 
different methodological problems. Consequently, we haven't been able to create a coherent 
experimental campaign on a focused C2 issue. Future work should have such an ambition. 
  
In general, we recommend that the experiences from this project are integrated in other projects 
were experimentation is a mean for progress. This is of course especially relevant for projects 
aiming at developing C2. As experimentation methods are general in nature, we argue that the 
procedures are applicable to other areas as well. Further development of method experimentation 
should be an integrated part of the objectives of these projects. We recommend further work in two 
different domains: 
 
1) Development of a more extended course on experimentation. 
2) Continued methodological and technological development for efficient experimentation in 
distributed exercises. 
 

8.7.1 An extended course on experimentation.  
 
The initiated university course gave an introduction to a research method applied to development 
activities in the Swedish Defence Force. Our opinion is that the participants have been able put the 
theoretical rationale of the scientific method into practice. Compared to ordinary university students 
they even have performed better.  
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Due to the limited extent of the course it was not possible to cover all aspects of experimentation. 
For example, it has not been possible to cover statistical methods. In addition, the course was purely 
focusing on methods. No subject fields, such as social psychology or perception, were covered. 
However, we believe that an extended course, organized in a similar way, would be of value in 
order to enhance the Defence Forces competence on experimentation.  
 
The principles for such a supplementary course have been outlined. The same concept as in the 
already initiated course should be used with the students having their own real study assignment to 
which they can apply methodological concepts and principles. Teaching should mainly be based on 
individual supervision. However, the focus will shift from one experiment to a series of experiments 
or an experimental campaign. The extended training on real experimentation will make the students 
more able to manage and conduct experimentation rooted in established scientific practice. 
 
An extended course should also have an increased academic ambition. Studies of relevant subject 
fields should be mixed with studies on research methods. A completed course should make the 
students entitled to begin postgraduate studies. In practice, this will mean an additional career 
opportunity for officers interested in development and experimentation.   
 

8.7.2 Methods and technology for experimentation in distributed settings 
 
Development of methods for handling the large set of data produced during exercises and 
experiments will continue. Our intent has been to exploit network technologies to make 
experimentation more efficient. In general, we have tried to integrate this methodological and 
technological development in the MIND system. Development of procedures to administrate massive 
sets of data in distributed experimentation can and should be integrated in relevant research and 
development projects. As described in section 8.6, work have been initiated for extended 
possibilities of data analysis in the MIND system. Other examples of work already or partially in 
progress are:  
 
Distributed modeling of experimental design. An ambition for future work is to enhance the 
possibilities to model experimental design with a minimum of face-to-face meetings.  
 
Tool to administer hypotheses. As mentioned, initial studies to define a tool to enhance 
documentation of results from experimentation with a traceable link between hypotheses, data, and 
conclusions have been undertaken. The idea is that the hypothesis tool will be used to organize and 
compile important data collected during experimentation. The prototype of the tool is described in 
section 8.6 and shown in figure 8:1.  
 
Streamed data. The ability to stream collected data over a network is a future functionality of 
central importance. There are still phases in the data-collection process that are carried out 
manually. Instead of filing data in local databases and later copy these manually to a central 
database, it is more suitable to continuously stream the data. Besides decreased amount of manual 
administration, it gives the opportunity to observe and work with data in real time. 
 
Dedicated network for data collection. The use of the ordinary tactical network for data collection 
might interfere with the exercise due to limited bandwidth. For selected development environments, 
such as FM LedUtvC, a planned solution is to create a parallel network dedicated for data 
collection. An alternative is to expand the existing network to Gbps capacity.   
 
Configurable data sources. Large scale experimentation involves more components such as units, 
staffs, individuals, and computers, than what has traditionally being handled. To manually equip 
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each component with measurement instruments becomes problematic. Initial tests of network 
solutions for managing some measurement instruments, registration of voice communication, and 
logging of computer interfaces have been conducted. These solutions will be developed further to 
enable the administration of a wider set of data sources. 
 
Object related events other than positions. Many object related events concerning individuals 
and units other than positions might be of interest in experimentation. Examples of such data are 
combat value, status, fuel, and ammunition. However, the number of object-related events possible 
to register has so far been limited. Our ambition is to expand this repertoire to be able to handle 
more types of object-related events. 
 
System interaction. In a modern C2 system, events occurring in a number of technical systems 
might be of interest to register, e.g. registration of system failures. We will explore the possibilities 
and restrictions of using this kind of data in experimentation.  
 
C2-process events. MIND has traditionally focused on the reconstruction of objective and concrete 
courses of events. As a complement, there is a need to be able to visualize more abstract processes. 
As of today, process-related events can only be presented in text. In a near future, a component of 
MIND will be developed to presents dynamic-process events. In the component model of, for an 
example, a planning process, a model could be presented where data on empirical events are linked 
to certain sub-processes of the model.  
 
Extended tools to administrate data on communication. Channels of communication has 
changed and increased in recent years. Examples of ways for communication implemented in new 
C2 systems are text-chat, voice-chat, order-tools, e-mail, etc. In a network setting, everyone can 
connect to everybody else for communication, and this is the great challenge in compiling and 
processing communication data; i.e. to connect sender and receiver of each communication event. 
MIND has originally been developed to handle radio communication. Consequently, a more 
dynamic representation of communication is needed. All communication is now administrated in 
the same way even though there are many ways of communicating. The development of more 
powerful tools for processing communication data, for example to merge and divide groups of 
individuals, has also begun.  
 
Window for non time-stamped data. MIND has traditionally supported non time-stamped data 
rather inadequately. Data from questionnaires, interviews, AAR, and other non time-stamped 
observations are important to include in documented mission histories. New components are being 
developed to enable the presentation and linking of this type of data to other data collected during 
an experimental exercise. One solution under development is to create links between different data 
using the Metadata tool (Albinsson et al., 2004). By clicking on a note in the Metadata tool, for 
example a note concerning situational awareness, references to different data relevant to problems 
concerning this issue are presented. 
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