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Abstract. The decision-making process related to geographic information has been changing significantly in recent years due to technological and methodological developments. The so called situation picture is a clear and informative way to support decision making and has become a part of the decision making process. However the amount of geographic information has increased greatly and the ways to analyze and present the information to the decision maker need to be advanced. This leads to a situation in which the amount of data and processes involved have become too advanced and too time consuming for the decision-maker to handle independently. The case study on the Shared Information Framework and Technology (SHIFT) presented in the research indicates that an interaction process between specific domain experts and the decision maker is needed. In SHIFT case the analysis of the variables indicate the importance of the time, data, resource and value dimensions The framework for decision-making includes experts on geoinformation technology and domain experts working and communicating together in order to enhance the selection of meaningful variables from extensive spatial datasets. An advanced framework for the decision-making suggested in this research advances the decision-making distinctiveness and supports the understanding of how GIScientist can contribute to this process.

1
Introduction

1.1 Situation picture

The purpose of a situation picture is to represent the situation over a certain area as accurately and in real-time as possible. With the help of a situation picture better situation awareness can be achieved and more sound decisions can be made. Additionally it may lead to more harmonized actions among number of actors. The use of situation picture is often linked to military activities but it is being used more and more often also in all kinds of rescue or other operations that require information about the changing situation. Very often it is a computer based map service where the locations of different actors of interest are shown on a map.

The situation picture is used widely in application dealing with civilian crisis management. European Union defines civilian crisis management as “intervening from outside in a humanitarian crisis that is threatening or has taken place in a State, region or society as a result of a conflict, disaster or environmental catastrophe”. (Intermin 2007) Since a number of actors attend in such operations that are usually complex in nature, a good conception of “what” and “where” is needed in order to achieve humanitarian aid and ones goals. The importance of a good situation picture is essential in every phase gaining situational awareness into planning and implementation of actions as well as in assessment of the achieved results. Generally the situation picture is a powerful tool and a valuable assistance in decision-making on all levels. However, civilian crisis management gives new challenges to the situation picture and related GIS functionalities, and it can not be used straightforwardly in the same way than it is used in military or regular rescue operations. 

1.2
SHIFT – Shared information framework

A response to civilian crisis management is the series of Multinational Experiment, 5th (MNE5). The goal of MNE5 is to enhance the rapid and coordinated crisis response among participating nations all over the world. (USJFCOM 2007) As a part of MNE5 Finland has a responsibility on a part called SHIFT (Shared Information Framework and Technology) (SHIFT 2007) This part focuses on  transparent and open information sharing in various crisis situations. These situations include different actors, military, non-governmental organizations, local authorities and a number of others. Their common goal is to prevent crisis, response during crisis or reconstruct after crisis. One of the major problems in the operations, in which several actors participate, is lack of information and lack of media to deliver information to all. By introducing a neutral communication channel different actors can share their intentions and information and this could lead to better integration and use of resources. By bringing together the experts of different domains in the area better decisions can be achieved. The SHIFT concept includes collaboration tools such as online meetings, a map based situation picture including different reports or incidents in the area and a Wikipedia type of forum where various actors can introduce themselves and important information can be found. In total, SHIFT is a new concept for all actors and requires careful analysis and planning as well as piloting. When introducing SHIFT to users several delicate questions are met. Co-operation between actors in crisis management is not always without cultural, religious and other value-based problems. Openness and equal rights to information are the basic building bricks of the SHIFT. The problem is how to create and maintain the trust of actors concerning information that is commonly collected and provided.

1.3
The goal of this paper

In this paper we aim to define the use of situation picture in civilian crisis management in order to be able to design and implement such an application in SHIFT. When information is reported and used for decisions by various actors having different values and cultures behind, a lot of questions arise. We try to outline those factors that need to be taken into account when geographic information is used and processed in this kind of application. Therefore we investigate the concepts of information and knowledge, the decisions to be made and the process of making them. Also the type of crisis and actors needs to be identified. In this paper we present a short review to the relevant literature and the previous work done in our research group. – We want to emphasize that this paper is related to our research and does not represent any official opinion of the SHIFT community.

1.4
Data, information and knowledge and decision-making on geographic information

Domain-specific knowledge is in the mind of an “expert” because of perception, learning and reasoning, but it can be difficult to communicate and use it. Increasingly, humans use computer technology to store existing knowledge in databases, digital libraries and on shared networks like the World Wide Web. Peuquet (2002) examined the background of spatial knowledge and its relation to the nature of space and time. She links the long tradition of human thought about space and time to the GIScience. Regarding knowledge acquisition she distinguishes between the cycles from the cognitive perspective and from the scientific perspective shown in Figure 1.
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Figure 1: Cycles of knowledge acquisition from the cognitive perspective and from the scientific perspective, based on Peuquet (Peuquet 2002)
Peuquet suggests that, “In the scientific context theories are formulated via filtering the data to select those observations considered relevant or “interesting”. This selection tends to reveal patterns or consistencies in an observed phenomenon. […]. The key difference between the cognitive and the scientific perspective is, that data are externally recorded, and as such, are not subject to the fading of human memory. Data can be reexamined repeatedly without loss of detail and, perhaps more importantly, can be shared with others. Data are the raw material of formal and scientific analysis” […]. The scientific perspective, as a formalization of this cognitive process, has, already been translated into the computing context. Computers and computer technology, after all, began as a scientific tool and they remain an essential tool for scientific learning and discovery.” (p. 219) (Peuquet 2002). This has led to systematic collection of large amounts of (geospatial) data in digital form in various ways. 

Concerning the decision-making processes early research by Simon (1960) suggests that these can be structured into three major phases. These are (1) intelligence phase, (2) design phase and (3) the choice. The intelligence phase recognizes a problem or an opportunity for change and the design phase identifies what the decision alternatives are. This is followed by a phase in which one chooses which alternative is best. A similar approach is used also in Effects-Based Approach to Operations (Ozolek, O'Bryan et al. 2006), which develops the Simon concept further. In order to achieve a certain effect, planning, execution and assessment phases are needed to go through. In planning a common situational awareness is achieved and overlapping or similar plans are combined among different actors, which are then executed in next phase. Assessment includes the assessment of successfulness of executed effects and it can include some measurements. The design or planning phase involves inventing, developing, and analyzing a set of possible decision alternatives for the problem identified. Problem-specific models are typically used to support generating a set of alternatives. These models for generating decision alternatives operate in the background, detached from decision-makers insights and qualifications.

In early phases of decision-making a good overall view of the environment needs to be achieved. Geographic Information Systems (GIS) and methods using geovisualization (MacEachren, Kraak 2001; Dykes, MacEachren, Kraak 2005) can play a vital role at the initial stage of spatial decision making, because of its ability to integrate and explore data and information. Therefore, it can effectively present information, in a general form, to the decision makers. The use of GIS in collaborative decision making has been explored in detail by Malczewski, Jankowski and MacEachren, among others (Malczewski 1999; Jankowski and Nyerges 2001; MacEachren 2001). Krisp has studied decision-making incorporating the concept of geovisualization with GIS methods (Krisp 2006).

The assessment of actions executed involves different measures and variety of geovisualization techniques can be used here starting from statistical approaches to network analysis. As a result of increasing amount of information related to decision-making process the decision-maker is unable to manage all fields of the process. GIS applications and techniques have become more important but also more demanding at the same time. An advanced framework for the decision-making suggested in this research advances the decision-making distinctiveness and supports the understanding of how GIScientist can contribute to this process. However these methods cannot be applied in a normal manner in multi actor environment. The data can’t be processed into information and knowledge because the information processing needs to be transparent in such environment. The methods must not include any value-based weighting, reasoning or decision-making. The development of SHIFT has risen however some crucial problems of collaborative work environment. Research results from GIScience cannot be applied as such. In the following we analyze the variables and dimensions of crisis management from this point of view.

2
Conceptual framework for the problem

In the classic spatial research we can have a situation in which the researcher or user deals with the data directly via a GIS or other information system, shown in Figure 2. This user makes decisions by selecting certain variables, scales, analysis functions etc. and applies them to selected data or parts of data. This is a highly complex modeling process performed by this person and it includes more and more problems to be solved. We might face a situation in which the “domain” has become so complex that even the most qualified user cannot keep an overview. The input data and the variables considered within the model supporting the decision have become too compound. The amount of data is also increasing and the filtering of meaningful data is time consuming and demanding. There are also more people involved in the decision-making process to be considered. Combining all this we have a time consuming process that needs to be made more effective. 
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Figure 2: Decision-maker filtering the data to reach a decision.

Figure 3 presents the three-level model for decision-making by Rasmussen (Rasmussen 1983). The model suggests that decision-making happens in three levels, which are skill based, rule based and knowledge based. In lowest level one responds on stimulus basis to inputs and no thinking is done at this level. The rule-based level is about responding according to how one is trained to respond in different kinds of situations. At knowledge-based level no predefined rules exist and one has to figure out how to manage through the situation. When input is received one tries first to apply skill based level, then if not able to react on stimulus basis move on to rule based level. If either of those doesn’t lead into action knowledge based level is applied. 
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Figure 3: Rasmussen’s 3-level model for decision-making (Rasmussen 1983)
Presented in Figure 4 are the variables that affect the decision-making process. When we have little time, small amount of data and only a few people the decision-making process are reactive in nature. An example is a fighter making fast decision in aerial battle. As the amount of data increases and more resources are available, the time consumed also increases. More complex methods can be used and also must be used since the problems to be solved are more complex than in fast pace situations.
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Figure 4: Variables affecting the decision-making process

Combining these two models we have on the lowest level stimulus based decision-making, which involves only one person and little input data. As problems become more complex the process of solving may involve more data, it becomes more time consuming and it requires more resources. This requires amore complex decision-making process that lies further away in the axis than the traditional one and it places needs for co-operation and interaction among different domain experts.

In collaborative work environment we still have to add one dimension to the decision-making process, values. Similarly with the varying amount of resources, data and time, in the decision-making situation we can have one value-base or several. This makes the decision-making situation even harder and also questions the usability of information processing methods. Data can not be processed, because the processing methods can be value-dependent. The question arises: is it only the raw data that can be delivered for the users? Can’t we utilize the powerful geospatial analysis methods in this kind of environment?

3
Case SHIFT

The SHIFT concept has been designed for civilian crisis management situations, which are complex and demand the knowledge of various domains. There are several domain experts in the field but the actor might not know of them. In order to accomplish efficient and sound actions all available information needs to be exploited. 
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Figure 5: Functionalities in SHIFT concept

In SHIFT environment different actors are encouraged to co-operate by different means. It is to have a good situation awareness acquired through situational picture. Different events and such can be added into and viewed in situational picture by every actor. The actor is aware of other activities and the actors in the area one can contact others that could promote ones actions in the area by the means of collaboration tools. Plans can be made in co-operation and thus achieve better effects.

4
Results: Decision-making by using SHIFT 

In order to solve the more complex problems involving an increased demand of time and resources in decision-making process the current process needs to be improved. We have an indication that we can enhance the decision making process if we develop and include advanced collaboration and communication tools. The collaboration tools include for example online meetings between actors of interest. The communication involves a situational picture tool and other means of visualization, information sharing of various types such as Wikipedia type of databanks and a directory of different domain experts. By connecting experts to the decision-maker time consuming and domain specific analyses, such as spatial modeling, are distributed between the different domain experts available. These experts then communicate and visualize the information to the decision-maker and thus emphasizing the decision-making process as described in Figure 6. An advanced framework for the decision-making suggested in this research advances the decision-making distinctiveness and supports the understanding of how GIScientist can contribute to this process.
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Figure 6: Framework for decision-making.

In SHIFT case the analysis of the variables indicate the importance of the time, data, resource and value dimensions.

Time –dimension

In crisis management the question can be about very short or long time period. For example in the case of aircraft accident the crisis situation is unexpected and urgent. Resources need to be collected and analyzed rapidly, plans need to be made quickly and the rescue operation only lasts few hours or one day. Decisions must be fast responses to the urgent situation. The operation is typically led by professional rescue troops of firemen, police and military. Non-governmental actors, like Red Cross etc., are in the place and they take part to supporting activities. The common situation picture is one core part, showing the situation of the rescue operation. Collaboration tools might be used for rapid discussions but there is not time to any long-lasting analyses or meetings. All information processing must be quick and well planned in advance. On the other hand crisis situation can develop slowly and create an almost stable situation of poverty, lack of food, health care, water etc. as the situations in refugee camps show. In these situations situation picture is relevant as well and it can be used for more analytical way. In principle situation picture information could be processed and analyzed by using spatio-temporal analysis methods and modeling the problem could support decisions.

Data dimension

Depending on the crisis type very little or a lot of information can be available. If a major accident happens in an unexpected location at unexpected time, no data is available in the beginning. First decisions needs to be made based on vague information. At that point, no geographic information processing is possible. In a case where a lot of information exist for example about a long lasting crisis situation, information processing methods described above could be very useful in extracting information and knowledge out of the data sets

Resource dimension

In an unexpected crisis situation there is also lack of human resources, in this we focus on ability to use the computerized tools like SHIFT including GIS. Even when complete information sharing system with advanced analysis, modeling and visualization tools are available, the bottleneck are the human skills that may be not sufficient

Value dimension

Crisis situations also vary in the amount of different actors and related to this in the amount of conflicting cultures and behind their values. In a search and rescue operation led by fire & rescue services or the military the goal is to save lives and rescue people as soon as possible as well as take the control over the situation. Actors have very similar culture and values, the way how to operate on tactical level as well as in the lead of the operation is similar among these actors. In that case, for example situation picture information can be analyzed and processed, generalizations can be made and decisions can be based on the processed information and knowledge.

In case of multi-actor crisis management situation in which tens and even hundreds of various small groups with vary varying cultural backgrounds try to share information of the situation picture, and then the most important thing is to be value-free and transparent. That actually leads into a situation that situation picture information can not be processed. For example the generalization of incidents (many small incidents mean one major incident) always includes reasoning and reasoning is based on some opinions (values) on what is actually a “major” incident. This leads into a situation that only raw data is useful and can be delivered for the users. The users have to make the processing and decisions themselves. Only such methods that do not include any value-based reasoning are acceptable.  Also the used map symbology must be as “culture-free” as possible.

5
Conclusions - What this means for the development of SHIFT?

In order to be able to use SHIFT in various crisis situations the above analysis must be made and the developed tools and their use must be adapted to the crisis situation type. 

The most generic and value-free geographic information processing methods are the situation picture as such and for example multivariate visualization methods and density maps that depict the data. Also for example unsupervised clustering methods, that work on the data and classifies data items without any user-defined guidelines. 

When the amount of actors is small (similar values) and a lot of data is available, advanced analysis and modeling methods can be used. If the goal can be defined then various optimization based models can be used. Also knowledge-based models can be used because the knowledge can be joined and accepted.

When human resources are the problem, only the simple methods can be used. If the actors are not able to use computers, software like GIS, there is no sense in trying to apply advanced methods. A simple situation picture with very culture-free and understandable map symbology is then the only tool. 
The question of how much automation and knowledge can be included into the GIS methods used depends fully on the defined characteristics. These are time and data available, the user’s level of competence, and the number of different cultures or value-bases represented.
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