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Abstract

This paper presents an early version of a decision support system named Impaktorium. It is a decision support system for use by military commanders. Impaktorium collects and put together intelligence reports which are then analyzed and presented in terms of potential risks and the likelihood that these potential events will occur. Impaktorium was tested using commanders from the Swedish Armed Forces. The conclusion is that a support system that would help decision makers to sort information, get an overview and suggest when dangerous events are about to occur, would be much appreciated. Such a system would enhance coalition forces information sharing since each decision maker could use the information useful to her/him and also see the bigger picture. That would allow for more collaboration between adjacent troops.

1.0
Introduction
Effective decision making is important for the success of military operations. Decision making in command and control today is characterized by asymmetric threats and international operations, often OOTW – operations other than war. More specifically, “… [i]n today’s international peace-keeping and peace enforcing missions, the ‘adversary’ is normally a multifaceted loosely-coupled combination of well-armed soldiers, irregular forces, criminals, civilian groups and other entities, using various types of vehicles and low or high-level technical equipment. These actors interact with sometimes hidden and non-correlated agendas, and collaborate if they judge it to be supporting their specific goals” p.1 [1]. 

Hence, decision making in military command and control environment is today characterized by temporal stress, uncertainty and the availability of massive amounts of unstructured information [2]. As technology develops further and becomes more advanced, new possibilities such as information fusion to support this kind of decision making environment are made available [2]. Information fusion systems can be considered as a specific type of decision support [cf. 3]. 
The purpose with this paper is to demonstrate how Impaktorium was developed through user evaluations. 

Questions that were asked were: 

· In what way can the concept be developed to support the decision process?
· Does the tool make a make the development of events more observable?

· Will the user get an increased understanding about causal relations among incident during the development of events? 
1.1
Information fusion 

Information fusion is about aggregating information from different sources. This combined information then need to be presented in a comprehendible way so that the information can be used to enhance decision quality. 
1.2
Decision support 
Decision support systems are there to help the decision maker come to a conclusion faster/more accurately. The importance of situation awareness has also been recognized in the development of decision support systems, that the support system should aid in the decision making process and focus on aiding the situation assessment [4].

When developing information fusion based decision support, three human factor aspects surface: decision making [4, 5], HCI issues [6] and trust [7].

1.3
Impaktorium

Impaktorium is an information fusion based decision support system. It consists of: a) A matrix indicating probabilities of event, (b) a list of incoming reports, (c) a map displaying geographical location of incoming reports, (d) additional information (traceability) concerning the chosen event in matrix in “a”, and (e) information included in the indicated report in the list of incoming events.
From the peacekeeping components point of view it is important to have a shared operational picture. The operational picture is something that is distributed and used in different ways by different nation’s armed forces. The purpose with the study was to evaluate whether the Impaktorium decision support system gives a better operational picture. Therefore, the concept was presented to so that feedback could be provided to the systems developers. The focus was on how and where Impactorium provides support in the decision process. 

A decision support system that admits for the C2-decision maker to have an overview of all the information (i.e., observations and reports), that is available and has been processed as input, have advantages and downsides to it. On the upper side, it gives the commander the possibility to browse through and follow information back to the source so that she/he can determine whether the information is trustworthy and reliable. It also allows for the commander to establish a sense of how different items of information connect and points towards an upcoming event. On the other side, it might induce tunnel vision due to information overload, or that important pieces of information are lost in the multitude. 

The Impactorium is a prototype system that sorts incoming information and displays the information in a useful manner. It also suggests possible future events that might occur. 

Providing the decision maker with a better operational picture gives her/him a possibility to make the correct decision at the right time. As the aim of Impactorium is to provide the decision maker with a higher degree of observable information and also a suggested causal relation between observed/reported information and possible future events might give a better operational picture. That is, the incoming information is tagged by an analyst and then the system uses a Bayesian network to warn when something is probable to occur. 

The prototype was presented to officers at Livgardet in Kungsängen. The officers were training for deployment in Kosovo later the same year. They where experienced from earlier deployment in international service. They were interviewed regarding Impactorium and its future development. The main findings from these interviews were; Impactorium was considered to be very promising in supporting the staff, both the sorting of information and the analysis of information merged into possible future events. Several suggestions for continued systems development were also made. 

2.0
User studies
The aim with this study was to explore the possible utilization of the prototype by the intended decision makers (i.e., commanders) and the set-up of the study was similar to a usability test set-up. 

2.1
Method
The study was performed at the Swedish Armed Forces Life Guard training unit and its international training department. 

Two Swedish commanders participated in the evaluation. They had a background in military operations on a tactical and lower levels. They were training for participating in the international peace-keeping operations in Kosovo later the same year. 

A scenario consisting of plausible tasks had been developed and implemented in Impaktorium. It consisted of events that were credible to occur during international missions, and was what the commanders had been trained for. 

2.1.1
Apparatus
The Impaktorium was presented on a laptop. The discussions with the participants were recorded using MP3-recording devices. The interviews were later transcribed. 
2.1.2
Procedure 

The evaluation started with an introduction about the purpose of the study and Impaktorium. Then there was a training session where the respondents could get familiar with the application. The respondents were asked to individually explore the system. When the scenario started the respondents were told to work together as company chief and assistant company chief. They were asked to plan for the transportation of VIP persons between the airport and the military base. At the same time they were asked to keep track of what was happening in the tool. The participants were observed during the completion of the task. After the scenario was finished the respondents were interviewed. The interview questions followed a semi-structured interview guide. In previous research about information fusion based decision support, three key aspects emerges, i.e., decision making [4, 5], HCI issues [6] and trust [7] as important for the development of such systems. The study took approximately 90 minutes to complete.  

2.2
Findings

The participants could describe all reports that where presented in the system, even though they were occupied solving a planning task. This in spite that the observers perceived that they did not follow what was happening in the tool’s presentation area. 

The participants thought that one of the reports in Impaktorium was might have affected the operation that they were planning for. 

The scenario was considered realistic, that is, the events in the scenario might happen during their mission in Kosovo. 

The participants believed that the personnel who would benefit most from a system like Impaktorium would be intelligence personnel and staff members on at least tactical level or higher. Intelligence personnel would have time to scrutinize the reports more thoroughly and assess the value of the reports so that they could brief the commanders. Staffs at higher levels also have longer time frames to consider and more time for planning. Higher staffs can also put the reports in a bigger picture.

One very important aspects of the reports in Impaktorium would be traceability and information about source. 

Impaktorium was considered to be possible to use as an evaluation tool when evaluating an operation, and was seen as a potential training tool.
3.0
Discussion

Since this study was performed, a new version of Impaktorium has been developed and evaluated with more users. This iterative process with short development cycles has been successful in the development of Impaktorium. 
3.1
Conclusion and Future Work

The conclusion is that a support system that would help decision makers to sort information, get an overview and suggest when dangerous events are about to occur, would be much appreciated. Such a system would enhance coalition forces information sharing since each decision maker could use the information useful to her/him and also see the bigger picture. That would allow for more collaboration between adjacent troops. 
A next step will be to perform a user experiment that test how Impaktorium provides situational picture that supports decision making. 
Possible future results is achieving knowledge about how decision processes can be enhanced. That will also specify what C2 levels will benefit most from such a decision support system.  
4.0
Acknowledgements

The authors wish to thank the Swedish Armed Forces Life Guards for their support and participation. 

5.0 References

[1] P. Svenson, T. Berg, P. Hörling, M. Malm, and C. Mårtenson. Using the impact matrix for predictive situational awareness. In Proceedings of International conference on Information fusion. Quebec, Canada, 2007.

[2] E. Bossé, J. Roy, and S. Wark. Concepts, models, and tools for information fusion. Norwood, Ma: Artech house Inc, 2007.

[3] M. Nilsson and T. Ziemke. Information fusion: a decision support perspective. In Proceedings of International conference on Information Fusion.Quebec, Canada, 2007.

[4] S. G. Hutchins, J. G. Morrison, and R. T. Kelly. Principles for aiding complex military decision making. In Proceedings of the Second international command and control research and technology symposium, Monterey, Ca, 1996.

[5] G. A. Klein, R. Calderwood, and D. MacGregor. Critical decision method for eliciting knowledge. IEEE Transactions on presented at Systems, Man and Cybernetics. 1989. 
[6] A. M. Bisantz, R. Finger, Y. Seong, and J. Llinas. Human Performance and Data Fusion Based Decision Aids. In Proceedings of the international conference of Information Fusion. 1999.
[7] D. L. Hall and S. A. H. McMullen. Mathematical techniques in multisensor data fusion. 2nd ed. Northwood, MA: Artech House, 2004.
[image: image1.emf] 









































RTO-MP-HFM-142
P3 - 1
P3 - 6
RTO-MP-HFM-142
RTO-MP-HFM-142
P3 - 5

